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The Danish Breast Cancer Group (DBCG) was established in
1977 by innovative and visionary clinicians and researchers
diagnosing, treating and investigating breast cancer. The
vision was to gather all existing expertise in breast cancer in
a national multidisciplinary network to focus on optimal diag-
nosis, treatment and follow-up to these patients, preferably
as part of relevant evidence-generating trials. The beginning
to a comprehensive and large database was established, and
since then nearly all Danish breast cancer patients have been
registered with data regarding diagnosis, treatment and fol-
low-up. As part of the multidisciplinary strategy, a DBCG
Board was established to oversee DBCG-related strategies
including approving national therapy guidelines proposed by
DBCG committees for radiology, surgery, pathology, radiation
therapy, systemic therapy, nuclear medicine, genetics and
translational research. These committees have representatives
from all relevant Danish departments treating breast cancer
patients with the aim to constantly ensure consistency in
diagnosis, therapy, follow-up and research of patients all over
the country. In a worldwide perspective, DBCG is highly
unique, since it is truly exceptional that experts from a whole
country meet on a regular basis to discuss and agree on
guidelines and develop and participate in trials. The structure
of DBCG has subsequently served as the template for other
Danish Multidisciplinary Cancer Groups.

Through this unique national multidisciplinary collabor-
ation, DBCG has been leading in ensuring Danish patients
diagnosis and therapy at the highest international level. So it
is relevant to ask, if we can relax, lean back and simply con-
gratulate ourselves on mission accomplished, or is it time to
seize the torch and move forward? The DBCG Board does
not think so. On the contrary, it is a clear goal to maintain
the high standards and in addition constantly develop new
treatment strategies to contribute to further enhancement of

the guidelines both nationwide, Nordic and internationally.
Therefore, at this 40-year anniversary the DBCG Board
has identified challenges that need special focus in the next
decade to maintain the high standard and quality of DBCG.
Importantly, the strength of DBCG is highly based on the
nationwide set-up, and since Denmark is a small country it is
more important than ever that the nationwide aspect of
DBCG is ensured in the future. Through the nationwide plat-
form, the DBCG and its committees must support a multidis-
ciplinary approach towards all breast cancer patients so they
are treated according to DBCG guidelines and offered rele-
vant trials. It is a DBCG goal that within the next decade all
Danish patients operated for invasive breast cancer or ductal
carcinoma in situ (DCIS) will be offered at least one evidence-
generating trial, and such trials should be investigator initi-
ated through the relevant DBCG committees and the DBCG
Board. It is pivotal that these trials are offered to all patients,
thus they must be open in all departments treating Danish
patients. After sustained intensification for three decades,
focus in the recent decade has shifted towards de-escalation
of treatments, and as the prognosis fortunately has improved
over the years due to early diagnosis in which implementa-
tion of nationwide mammography played a major role and
due to improvements in treatment, it has become increas-
ingly important to establish criteria for selection of the indi-
vidual patient for certain therapies. Therefore, it is also a goal
for DBCG to ensure that the DBCG initiated trials will explore
criteria for selection of patients to more or less therapy,
maybe even omission of therapy, which is otherwise pro-
vided today. These criteria may be focused on risk of recur-
rence, but they may also focus on the patient’s individual
risk of late morbidity related to a certain therapy. In this way,
studies and trials will be initiated examining the individual
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gain and harm from that therapy. Such data are highly
needed to provide optimal information to the individual
patient during the process of shared decision making.

During the recent decade more and more unnecessary
obstacles have hampered fast access to individual patient
and treatment data from the DBCG database. In the 1970s
virtually no rules existed to protect patients when performing
research, and fortunately international declarations and
Ethical Committees have now provided guidelines for
research, which also are incorporated in the DBCG rules.
However, during the last decade more and more paper work
has been requested from authorities to control what is being
investigated. It has reached a point, where it may take more
than 6 months from a researcher is ready to start a project
before access to data is granted, and that is not acceptable.
Therefore, together with the Danish Comprehensive Cancer
Center (DCCC) DBCG will fight the increasing bureaucracy to
the benefit of all cancer databases in Denmark. Any unneces-
sary obstacle encountered performing research must be iden-
tified and through DCCC Danish politicians must be made
aware of this and action will be demanded.

Fortunately, improvements of therapy occur, as also new
focus areas treating patients with invasive breast cancer or
DCIS emerge. As part of the Danish National Cancer Plan IV
much interest is now paid to research in late morbidity, but
data on late morbidity have until now not been part of rou-
tine reporting to the DBCG database. Therefore, expanding
the database with such data has very high priority in the

years to come, and new technologies should be imple-
mented as part of this, for example, it should be possible to
report patient reported outcome directly to the database.
DBCG will adopt artificial intelligence and support machine
learning and other new technologies to obtain data from the
patients in an efficient way. Furthermore, a constant focus
will be maintained on collecting missing data from the
Danish departments, because high quality research is impos-
sible if the data quality is poor.

In conclusion, the DBCG has a high focus on maintain-
ing and further develop the current level of all aspects of
patients treated for breast cancer or DCIS. Every effort will
be done to develop and support investigator initiated trials
as well as also nationwide prospective cohort studies. The
overall goal is to offer every Danish patient diagnosis,
treatment and follow-up at the highest international level
in all parts of Denmark. Detailed data related to the
patient’s course in the hospital and during follow-up will
be collected to document the current status at any time.
The DBCG committees and Board will always strive to be
one step ahead and ensure a systematic and thorough
implementation of new standards in Denmark to the bene-
fit of our patients.

ORCID
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Forty years of landmark trials undertaken by the Danish Breast Cancer
Cooperative Group (DBCG) nationwide or in international collaboration
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ABSTRACT
Background: Over the past 40 years the Danish Breast Cancer Cooperative Group (DBCG) has made
significant contributions to improve outcome and to make treatment of patients with early breast can-
cer more tolerable through nationwide and international trials evaluating loco-regional and systemic
treatments. These trials have been instrumental to establish standards for the treatment of early breast
cancer.
Methods: The DBCG 82 trials had a global impact by documenting that the significant gain in loco-
regional recurrence from postmastectomy radiation added to systemic therapy was associated with a
reduction in distant recurrence and mortality in high-risk pre- and postmenopausal patients. The DBCG
trials comparing breast conserving surgery and radiotherapy with mastectomy and more recently the
trial of internal mammary node irradiation also had a major impact of practice. The trials initiated by
the DBCG 40 years ago on tamoxifen and cyclophosphamide based chemotherapy became instrumen-
tal for the development of adjuvant systemic therapy not only due to their positive results but by shar-
ing these important data with other members of the Early Breast Cancer Trialist’ Collaborative Group
(EBCTCG). Trials from the DBCG have also been important for highlighting the relative importance of
anthracyclines and taxanes in the adjuvant setting. Furthermore, DBCG has made a major contribution
to the development of aromatase inhibitors and targeted adjuvant treatment for human epidermal
growth factor receptor 2 positive breast cancers.
Results: The substantial impact of these treatment improvements is illustrated by a 46.7% 10-year
overall survival of early breast cancer patients treated in 1978–1987 compared to 71.5% for patients
treated 2008–2012.
Conclusions: The trials conducted and implemented by the DBCG appear to have a major impact on
the substantial survival improvements in breast cancer.

ARTICLE HISTORY
Received 8 September 2017
Accepted 1 November 2017

Introduction

This paper describes how mortality has improved among
Danish breast cancer patients in conjunction with improved
quality of loco-regional and systemic therapeutic interven-
tions obtained by the major scientific contributions by
Danish Breast Cancer Cooperative Group (DBCG) to clinical
research.

Loco-regional treatment studies

Mastectomy and radiotherapy

In the early 1970s the Danish standard treatment of early
breast cancer patients was simple mastectomy followed
by loco-regional radiotherapy as demonstrated in the
Copenhagen Breast Cancer study, where patients were
randomly allocated to simple mastectomy followed by

radiotherapy or extended radical mastectomy [1–4]. In the
DBCG 77 trials the standard treatment was total mastectomy
and axillary sampling with the addition of loco-regional
radiotherapy in high-risk patients (node-positive and/or inva-
sion to the pectoral fascia and/or T3 or T4 tumors). No sys-
temic treatment was recommended. Orthovoltage was
applied ad modum McWhirter, and in 4 out of 5 Danish
departments hypofractionation was used due to shortage of
radiation capacity [5]. The hypofractionation schedule was a
minimum dose of 36.6 Gy in 12 fractions, 2 fractions weekly,
or 40.92Gy/22 fractions, 5 fractions weekly, based on the Ellis
NSD formula [6]. A considerable morbidity from hypofractio-
nated orthovoltage radiotherapy was apparent at the time
when the early results emerging from adjuvant systemic
treatments promulgated the theory proposed by Fisher, e.g.,
that breast cancer predominantly is systemic disease [7,8].
Thus, there was a shift away from the Halsted theory of
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breast cancer being a loco-regional disease, and aggressive
surgery/radiation as the only road to cure [9]. The DBCG 82B
trial included high-risk premenopausal patients assigned to
CMF and DBCG 82C included high-risk postmenopausal
patients assigned to one year of tamoxifen, and patients in
both trials were randomized to loco-regional radiotherapy
versus no radiotherapy. An ethical prerequisite was that in
the presence of systemic treatment the patients would not
benefit from radiotherapy. As part of the DBCG 82 trial a con-
sensus was reached and implemented nationwide by oncolo-
gists specialized in radiotherapy regarding target definition
and radiation treatment techniques. The target comprised
regional lymph nodes, including the internal mammary
nodes (IMN), and chestwall. Electrons was applied against the
chestwall plus IMN and the energy was selected according to
the distance from skin to pleura by ultrasound, thus the
resulting radiation doses to the heart were relatively low. The
DBCG 82 trials demonstrated a significant reduction in
the risk of loco-regional recurrence and mortality (Table 1) by
postmastectomy radiotherapy, irrespective of menopausal
status and number of positive lymph nodes [10–13]. These
results were confirmed by the EBCTCG meta-analyzes and
have widely been implemented in international guidelines
[14,15].

Breast conservation

The DBCG 82 TM (tumorectomy versus mastectomy) trial
(Table 1) compared modified mastectomy, or breast conserv-
ing surgery (BCS) with residual breast radiotherapy, or BCS
with residual breast and regional node radiotherapy [16,17].
No significant difference was seen between the two treat-
ment groups regarding 10-year recurrence-free and 20-year
overall survival, p¼ .94 and p¼ .24, respectively. The use of
BCS has increased to encompass more than 70% of patients
with early breast cancer, as a result of the DBCG 82TM, the
associated EBCTCG meta-analysis, earlier diagnosis accom-
plished by mammography screening, neo-adjuvant systemic
treatment, and the use of oncoplastic techniques [18,19]. A
population-based study performed by DBCG has documented
a high risk of reoperation after BCS for non-palpable breast
lesions [20]. Radioactive seed has now been introduced as an
alternative to the hook wire localization of non-palpable
lesions based on results from a large randomized trial [21].

Fractionation of radiotherapy

The poor results obtained by hypofractionation in the DBCG
77 trials and lack of data supporting superiority of hypofrac-
tionation compared to normofractionation, caused a reluc-
tance of the DBCG towards moderate hypofraction in the
adjuvant breast cancer setting. In 2002 and 2008, large trials
from the UK and Canada testing moderate hypofraction ver-
sus normofractionation for breast only radiotherapy showed
no difference in local control and a trend towards less late
radiation morbidity using hypofractionation [22,23]. However,
the patients in these trials were not treated with modern

chemotherapy nor boost, and in the Canadian trial patients
with large breasts had been excluded. The DBCG HYPO trial
was therefore initiated in 2009 to clarify the possible implica-
tions from large breast size, use of tumor bed boost follow-
ing adjuvant anthracyclines and taxanes. In March 2014, the
DBCG standard was modified to 40Gy in 15 fractions for
breast only radiotherapy following a safety analysis including
1883 patients randomized in the DBCG HYPO trial to 40Gy
in15 fractions compared to 50Gy in 25 fractions.

In the UK and NL data from the above mentioned trials
were extrapolated to patients treated with loco-regional
radiotherapy, however, in DBCG this was not accepted. Thus,
in 2015 the DBCG Skagen Trial 1 was initiated to introduce
moderately hypofractionated loco-regional radiotherapy by
randomizing high-risk patients between 40Gy/15 fractions
versus 50Gy/25 fractions [24,25]. The primary endpoint was
arm lymphedema, and secondary endpoints were other mor-
bidities and pattern of recurrence. As of November 2017
around 1100 patients are included, and the trial is expected
to accrue around 3000 patients from Europe and Australia.

Partial breast irradiation

In breast recurrences are most often located close to the ori-
ginal tumor bed and the risk of local recurrence has even in
high risk patients decreased over decades [26]. Partial breast
irradiation (PBI) consequently emerged as an attractive
option to lower the radiation burden in selected patients as
recently demonstrated in the UK IMPORT LOW trial [27,28].
From 2009 to 2016 the DBCG PBI trial randomized 882
patients to partial versus whole breast radiotherapy and both
groups received 40Gy/15 fractions using the same technique
as in the IMPORT Low trial. Early, yet unpublished, results
from the DBCG PBI trial regarding morbidity, the primary
endpoint, and risk of recurrence are in line with the IMPORT
Low trial, and therefore external beam PBI using 40Gy/15
fractions has since April 2016 been adopted as a standard for
selected patients by DBCG.

Treatment of the axilla

During the past 40 years axillary surgery has changed from
axillary sampling to axillary lymph node dissection (ALND)
and to sentinel node (SN) procedure. Radiotherapy was rec-
ommended to lymph node positive patients in the 77 pro-
gram and this was reinforced by the results obtained in the
DBCG 82 postmastectomy trials [10,11]. In a 20-year period
ALND partly replaced axillary node level 1 irradiation in node
positive patients but the approach of extending radiotherapy
to supraclavicular and IMN has been confirmed by others
[29,30]. Concern about the possible harmful effect on the
heart by IMN radiotherapy and of anthracyclines led in 2003
through 2014 to avoidance of IMN radiotherapy after left-
sided breast cancer while IMN radiotherapy was continued
following node positive right-sided breast cancer (Table 1).
With median 8.9 years follow up an overall survival benefit
was shown corresponding to the results in two major trials
[29–31]. A meta-analysis of these three studies is in process,
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but international guidelines already have included IMN radio-
therapy in their recommendations to high-risk breast cancer
patients.

When the SN procedure was introduced just after the turn
of the millennium it primarily saved patients with negative
nodes from unnecessary morbidity of ALND, but the
AMAROS trial suggested that axillary radiotherapy may be
substituted for ALND in patients with a positive SN [32–35].
The need of ALND in node positive patients was recently
re-challenged and DBCG joined the Swedish led phase 3
SENOMAC trial to evaluate the safety of omitting ALDN in
patients with one or two positive SN [36].

Long-term outcome and morbidity after loco-regional
therapy

The results obtained by BCS and radiotherapy in the DBCG
82TM trial were confirmed in a successive DBCG 89 cohort
with similar recurrence and mortality at 20 years [37]. In a
small long-term study with a median of 12 years follow-up
88% of the patients were satisfied with their cosmetic out-
come, and poor cosmesis was correlated with use of chemo-
therapy, large breast size and smoking [38]. Local recurrences
continued to occur up to 20 years after diagnosis, and a local
recurrence in patients <45 years significantly increased the
risk of breast cancer mortality, whilst local recurrence among
older patients did not [39]. Patients who following a local
recurrence developed distant failure could not be identified
by classical histopathological parameters or approximated
intrinsic subtypes [40]. Efforts to predicting the risk of late
morbidity are being continued as part of the DBCG HYPO
and PBI trials.

A seven gene profile predicting gain from radiotherapy
has been developed using tumor tissue from patients in the
DBCG 82 trials and validated in an independent data set
[41,42]. Further studies are in progress with the goal to select
high risk patients for omission of radiotherapy. Late morbid-
ity was evaluated in a subgroup of patients treated in the
DBCG 82 trials [43]. A highly significant gain from loco-
regional radiotherapy was seen in patients with 1–3 and �4
metastatic nodes and translated into a survival benefit
[11–13]. Further analyzes showed that the gain from radio-
therapy was highly heterogeneous depending on immuno-
histochemical approximated intrinsic subtypes [44].

Very severe late treatment related morbidities are heart
disease and second cancer. With 12 years median follow up
the DBCG 82 trial did not indicating an increased risk of

radiation induced heart disease, but extensive research on
heart disease in Danish and Swedish breast cancer patients
documented a dose–response relationship between mean
heart radiation dose and risk of major coronary event
[45–47]. Recently a hypothesis was proposed correlating
smoking and anthracyclines with a very high risk of radiation
induced heart disease [48,49]. Second cancer has also been
intensely investigated in patients treated according to DBCG
guidelines, and second lung cancer is by far the largest risk,
the magnitude is around 1:200 in every irradiated breast can-
cer patient [50]. The results showed that >90% of those
patients developing second lung cancer were smokers.

Systemic treatment

Adjuvant endocrine treatment

Along with its metabolites, tamoxifen competes with estro-
gens for binding to the estrogen receptor (ER) and the early
results of a CBCT study suggested adjuvant tamoxifen could
reduce breast cancer recurrence and prolong survival follow-
ing surgery of early breast cancer [51]. The benefits from
adjuvant tamoxifen observed in postmenopausal high-risk
(node positive and/or T3) patients were validated in the
DBCG 77C trial (Table 2). One year of tamoxifen 30mg daily
reduced the risk of recurrence and mortality in patients with
ER positive cancers and no benefit was observed in patients
with ER negative and PR positive breast cancer [52,53]. One
year of tamoxifen 30mg daily, the standard in the DBCG 89C
trial (Table 2), was not inferior to two years of tamoxifen, and
a sequence of tamoxifen for 6 months followed by megestrol
acetate for six months in postmenopausal high-risk patients
[54]. When the Swedish Breast Group trial in 1996 published
a beneficial effect from extending tamoxifen from two to five
years participants in DBCG 89C still on treatment were
offered to extend treatment which may have biased the
overall results [55].

The DBCG 82B trial (Table 2) was in pre- and peri-meno-
pausal high-risk patients unable to demonstrate a reduction
in the risk of recurrence or mortality from adding one year of
tamoxifen to nine cycles of four-weekly intravenous CMF
[56]. Corresponding to our results, the first overview pub-
lished by the EBCTCG in 1988 was unable to demonstrate a
benefit from tamoxifen in patients younger than 50 years
[57]. With longer treatment duration and follow-up, the
benefit of tamoxifen was however by the EBCTCG shown to
be largely independent of age, nodal status, and prior

Table 1. Loco-regional treatment, 10-year loco-regional recurrence, disease-free and overall survival.

Study Regimens N LRR (%) DFS; 95% CI OS; 95% CI

DBCG 82B Mastectomyþ RT 852 9 48% (45; 52) 54% (51; 58)
Overgaard [10] Mastectomy 856 32 34% (30; 37) 45% (42; 48)
DBCG 82C Mastectomyþ RT 686 8 36% (32; 40) 45% (41; 49)
Overgaard [11] Mastectomy 689 35 24% (21; 28) 36% (33; 40)
DBCG 82TM Lumpectomyþ RT 381 7 60% (55; 64) 73% (68; 77)
Blichert-Toft [17] Mastectomy 350 11 61% (56; 66) 71% (66; 76)
DBCG IMN IMNþ RT 1492 #2.2 #27% (25;30) #76% (74; 78)
Thorsen [31] IMN (no RT) 1597 #2.6 #30% (27;32) #72% (70; 75)

LRR: loco-regional recurrence; DFS: disease-free survival; OS: overall survival; CI: confidence interval; RT: radiotherapy.
#DFS and OS at eight years follow-up.
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administration of chemotherapy and five years of tamoxifen
was introduced as a DBCG standard in 1998 [58,59]. The
results from aTTOM and ATLAS demonstrated a further incre-
mental benefit from extending tamoxifen to 10 years [60,61].
While tamoxifen in the eighties was considered less effective
in premenopausal patients, chemotherapy was thought to be
particular effective and the prevailing view at that time was
that this was due to ovarian function suppression (OFS) by
chemotherapy [62]. This hypothesis was to some degree con-
firmed in DBCG 89B that showed a similar DFS and mortality
from OFS and CMF [63]. In an exploratory subset analysis the
treatment effect largely seemed independent of age, nodal
status, tumor size, histological type, malignancy grade, and
PR status. However, in the subset with discordant hormone
receptor status (either ER or PR negative tumors), CMF
resulted in a significant reduction of DFS events and mortal-
ity. Several trials support that OFS either alone or in combin-
ation with tamoxifen improve outcome similarly to what is
achieved with CMF and anthracycline based chemotherapy
[64]. Combined the SOFT and TEXT trials demonstrated that
OFS with either tamoxifen or an aromatase inhibitor (AI) may
lower the risk of recurrence in high-risk premenopausal hor-
mone receptor positive breast cancer patients [65,66].
The cohort study linked to the DBCG 89B trial implied a
long-term detrimental effect following OFS corresponding to
the data of a long term follow-up of 30,000 participants in
the Nurses’ Health Study showing an increased mortality des-
pite a reduced risk of breast- and ovarian cancer from ovari-
ectomy in conjunction with hysterectomy due to benign
disease [67,68].

In postmenopausal patients aromatase inhibitors have
been evaluated in several large trials, and five years of an
aromatase inhibitor further reduces mortality by 15% com-
pared to five years of tamoxifen [69]. The breast international
group (BIG) 1–98 study compared five years of tamoxifen
with five years of letrozole or the two drugs in sequence
(each for two to three years) in postmenopausal patients

(Table 2). Initial treatment with letrozole reduced the risk of
recurrence and mortality [70,71]. The intergroup exemestane
study (IES) recruited postmenopausal women who after
receiving adequate local and adjuvant systemic therapy
remained free of disease after two to three years of tamoxi-
fen (Table 2). Switch to exemestane for the remainder of five
years endocrine treatment reduced the risk of recurrence and
mortality [72,73]. A pronounced benefit of upfront aromatase
inhibition has been shown in patients with a lobular hist-
ology and in patients at a high risk of relapse [74,75]. A com-
parable result from letrozole and anastrozole was obtained in
the Femara versus Anastrozole Clinical Evaluation (FACE) trial
(Table 2) and from exemestane and anastrozole in NCIC
MA.27 [76,77]. Ongoing clinical trials are evaluating the role
of extending endocrine treatment after five years of an aro-
matase inhibitor and in the meanwhile the study of letrozole
extension (SOLE) has shown (Table 2) that continuous
extended treatment may be substituted by intermittent aro-
matase inhibition [78]. Only a small group of postmenopausal
patients, i.e., node negative patients older than 60 with grade
1 tumors �10mm, will without systemic treatment achieve
an age-appropriate survival [79].

Adjuvant HER2 targeted treatment

The addition of a one-year course of trastuzumab to
chemotherapy in human epidermal growth factor 2 (HER2)
positive disease significantly reduced disease recurrences
and mortality in several trials including HERceptin Adjuvant
(HERA) trial [80–82]. HERA enrolled 5081 patients; hereof
133 by DBCG, from 2001 to 2005 were adjuvant trastuzu-
mab was introduced as a standard (Table 3). DBCG contrib-
uted to international but unfruitful efforts to further
improve outcome by extending duration of trastuzumab to
two years in HERA and concurrent or sequential addition of
lapatinib in the Adjuvant Lapatinib and/or Trastuzumab
Treatment Optimisation (ALTTO) trial [83,84]. DBCG

Table 2. Adjuvant endocrine treatment.

Study Regimens N DFS HR; 95% CI OS HR; 95% CI

CBC 02 Tamoxifen two years 164 0.74; 0.53–1.05a 0.79; 0.63–0.99
Jensen [51] Placebo 153
DBCG 77C Tamoxifen one year 868 0.87; 0.77–0.98 0.83; 0.73–0.94b

Knoop [52] Control 848
DBCG 82B CMFþ Tamoxifen 320 0.93; 0.76–1.15 1.05; 0.85–1.30
Andersson [56] CMF 314
DBCG 89C Tamoxifen one year 554
Andersen [54] Tamoxifen two years 535 1.04; 0.89–1.22 0.99; 0.85–1.15

TAM!Megace 526 1.11; 0.94–1.30 1.05; 0.90–1.23
IES Tamoxifen 615
Bliss [73] Exemestane 584 0.84; 0.71–0.99 0.79; 0.66–0.94
BIG 1–98 Tamoxifen 2459
Regan [71] Letrozole 2463 0.86; 0.78–0.96 0.87; 0.77–0.999

TAM!Letrozolec 1548 1.07; 0.92–1.25 1.10; 0.90–1.33
Letrozole!TAMc 1540 1.06; 0.91–1.23 0.97; 0.80–1.19

FACE Anastrozole 2075 0.93; 0.80–1.07 0.98; 0.82–1.17
Smith [76] Letrozole 2061
SOLE Cont. letrozole 2441
Colleoni [78] With breaks 2443 1.08; 0.93–1.26 0.85; 0.68–1.07

DFS: disease-free survival; OS: overall survival; CI: confidence interval; HR: hazard ratio.
aBreast cancer recurrence.
bBreast cancer mortality.
cVersus five years of letrozole; TAM: tamoxifen.

6 B. EJLERTSEN ET AL.

D
ow

nl
oa

de
d 

by
 [S

ta
ts

bi
bl

io
te

ke
t T

id
ss

kr
ift

af
de

lin
g]

 a
t 0

4:
57

 0
6 

Ja
nu

ar
y 

20
18

 



investigators enrolled 87 patients in the Adjuvant
Pertuzumab and Herceptin in Initial Therapy (APHINITY) trial,
which showed a statistically significant reduction in DFS
events from the addition of pertuzumab to trastuzumab-
based adjuvant therapy [85] but the clinical benefit has yet
to be established. Finally, the EXTEnded NEratinib Trial
(ExteNET) had participation of 112 patients though DBCG
and showed that one year of neratinib, an irreversible tyro-
sine kinase inhibitor of HER1, HER2 and HER4, compared to
placebo further significantly improved DFS when given after
one year of trastuzumab-based (neo)adjuvant therapy in
HER2-positive breast cancer [86]. One year of trastuzumab
added to adjuvant chemotherapy remains standard of care
in patients with early-stage HER2-positive breast cancer but
neratinib may become an option to some patients [87].

Adjuvant chemotherapy

The achievements of the DBCG with adjuvant chemotherapy
has recently been reviewed [88]. In brief, the DBCG 77B trial
(Table 4) showed significant and clinical important reduction
in the risk of recurrence and mortality from single agent oral
cyclophosphamide and from CMF in premenopausal patients
with high-risk (node-positive or T3) breast cancer [89].
Adjuvant CMF was in 1982 selected as a standard in high-risk
premenopausal breast cancer by DBCG and subsequently in
1985 by the first NIH Consensus development Conference
[90]. In a retrospective analysis patients with core-basal and

luminal B breast cancers appeared to derive the largest bene-
fit from cyclophosphamide-based chemotherapy [91]. No
apparent benefit was observed from the addition of CMF to
tamoxifen among postmenopausal high-risk breast cancer
patients in an early analysis of DBCG trial 82C [92] and no
clear benefit was shown from adjuvant chemotherapy in the
first Oxford overview published in 1988 [57]. A differential
benefit however was shown in patients with ER negative
breast cancer and adjuvant chemotherapy was in 1989
extended to high-risk postmenopausal patients younger than
70 with ER negative breast cancer. Furthermore, invasive duc-
tal carcinomas with malignancy grade 2 and 3 were irrespect-
ive of tumor size and lymph node status included in the
premenopausal high-risk group by 1989.

With longer follow-up CMF was associated with a signifi-
cant improvement in DFS [92,93]. Apart from menopausal
status, the DBCG 77B and 82C trials had identical selection
criteria, but while 77B trial used classic CMF with oral cyclo-
phosphamide a four-weekly intravenous CMF regimen was
used in DBCG 82B and C trials, and a three-weekly CMF regi-
men was used in the succeeding DBCG 89B and D trials.
A population-based DBCG study demonstrated that shifting
from classical CMF in DBCG 77B to four-weekly or three-
weekly i.v. CMF was associated with a 30% increased risk of a
DFS event [94]. Furthermore, the four-weekly regimen as
used in DBCG 82B was associated with a 40% increase in
mortality.

Danish breast cancer cooperative group 89D showed an
incremental reduction in recurrence and mortality from

Table 3. Adjuvant HER2 targeted treatment.

Study Regimens N DFS HR; 95% CI OS HR; 95% CI

HERA Trastuzumab two years 1700 0.77; 0.69-0.87 NA
Cameron [83] Trastuzumab one year 1702 0.76; 0.68–0.86 0.74; 0.64–0.86

Control 1697
ALTTO Lapatinibþ T 2093 0.84; 0.70–1.02 0.80; 0.62–1.03
Piccart [84] T!lapatinib 2091 0.96; 0.80–1.15 0.91; 0.71–1.16

Lapatinib 2100 1.34; 1.13–1.60 1.36; 1.09–1.72
Trastuzumab 2097

APHINITY Pertuzumab 2400 0.81; 0.66–1.00 0.89; 0.66–1.21
Minckwitz [85] Control 2404
ExteNet Neratinib one year 1420 0.67; 0.50–0.91 NA
Chan [86] Control 1420

DFS: disease-free survival; OS: overall survival; HR: hazard ratio; CI: confidence interval; T: trastuzumab; NA: non-available.

Table 4. Adjuvant chemotherapy.

Study Regimens N DFSHR; 95% CI OSHR; 95% CI

DBCG 77B Ctx 181 0.62; 0.46–0.83 0.70; 0.52–0.95
Ejlertsen [89] Oral CMF 193 0.70; 0.53–0.93 0.70; 0.52–0.94

Control 187
DBCG 77B Ctx 424 0.95; 0.77–1.16 1.09; 0.92–1.29
Ejlertsen [89] Oral CMF 423
DBCG 82C TAMþ CMF 709 0.82; 0.71–0.93 0.95; 0.85–1.08
Ejlertsen [78] TAM 736
DBCG 89D CEF 615 0.84; 0.71–0.99 0.79; 0.66–0.94
Ejlertsen [95] CMF 584
DBCG READ EC!D 1001 1.00; 0.78–1.28 1.15; 0.83–1.59
Ejlertsen [101] DC 1011
BIG 2–98 4A!3CMF 481 0.81; 0.67–0.99 0.85; 0.67–1.11
Oakman [103] 3A!3D!4CMF 960 1.02; 0.84–1.23 0.96; 0.76–1.21

4AC!4CMF 487
4AD!4CMF 959

DFS: disease-free survival; OS: overall survival; HR: hazard ratio; CI: confidence interval; Ctx: oral cyclophosphamide;
C: cyclophosphamide; F: fluorouracil; M: methotrexate; A: doxorubicin; E: epirubicin; D: docetaxel TAM: tamoxifen.
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substituting methotrexate with epirubicin [95]. The advan-
tage of anthracycline-containing three-drug combinations
over CMF was confirmed by others and by meta-analysis con-
ducted by EBCTCG, while standard AC (doxorubicin and
cyclophophamide) or EC (epirubicin and cyclophosphamide)
for four cycles was not superior to classic CMF [96]. HER2
and TOP2A were assessed retrospectively in 767 of the 980
Danish patients included in DBCG 89D. Topoisomerase IIa,
the enzyme encoded by TOP2A, is a direct target for anthra-
cyclines and essential for resolving topological DNA con-
straints [97,98]. Alteration of TOP2A copy number was in 89D
associated with an incremental benefit from epirubicin [99].
This was confirmed in a prospectively planned joint analysis
of 89D and four other phase three trials [100] but only a
trend toward greater benefit was show for patients with
HER2-amplified tumors. The DBCG 07-READ compared six
cycles of docetaxel and cyclophosphamide with three cycles
of epirubicin and cyclophosphamide followed by three cycles
of docetaxel and confirmed no overall benefit from adjuvant

epirubicin in patients with early and TOP2A-normal breast
cancer [101]. Other mechanisms of action have been pro-
posed including protection from apoptosis by tissue inhibitor
of matrix metalloproreinases-1 (TIMP-1). A highly significant
interaction was shown in 89D between epirubicin and a clas-
sifier constructed by combining lack of TIMP-1 expression
and/or TOP2A alteration [102].

In BIG 2-98 (Table 4) a further reduction in the risk of
recurrence was obtained from adding a taxane to sequential
anthracycline and CMF but not from substitution of cycles of
cyclophosphamide and doxorubicin with docetaxel and doxo-
rubicin [103]. Similarly a further reduction in breast cancer
mortality appeared in the EBCTCG meta-analysis from the
addition of a taxane to a standard AC, while the substitution
of cycles or drugs with a taxane was not associated with a
reduction in mortality [96]. ECOG 1199 in a factorial 2 by two
design showed a superior benefit from weekly paclitaxel
compared to three-weekly and from three-weekly docetaxel
compared to weekly, and overall no difference between
docetaxel and paclitaxel [104].

Results

Overall survival is in Figure 1 presented according to period
of diagnosis for all patients with operable invasive breast
cancer, irrespective of the received loco-regional and sys-
temic treatment. A major and clinical important improvement
in prognosis according to period of diagnosis is apparent
with a decrease in 10 year mortality from 53.3% in
1978–1987 to 28.5% for those diagnosed in 2007–2015
(Figure 1).

A temporary setback in the otherwise continuous
improvement in prognosis occurred in the second half of the
1978–1987 period as a consequence of a less effective adju-
vant CMF regimen and omission of postmastectomy radio-
therapy in patients randomized to the control group in the
DBCG 82B&C trials. The improvements obtained in the suc-
ceeding periods can hardly be attributed to a single treat-
ment or trial (Figure 2). The proportion of patients receiving
adjuvant treatment increased from none to more than 80%,
the proportion of patients who received chemotherapy in
combination with endocrine therapy and/or trastuzumab
increased and the distinct treatment regimens evolved as
described in Figure 2 and the preceding sections.

Figure 1. Overall survival (OS) according to period of diagnosis. All patients,
irrespective of adjuvant treatment.

Period 1978 – 1987 1988 – 1997 1998 – 2007 2008 – 2015

Endocrine therapy
  Premenopausal
  Postmenopausal

None
Trial only Tamoxifen 1-yr

Tamoxifen 5-yr
Tamoxifen 5-yr

Tamoxifen 10-yr
AI or AI->TAM 5-yr

An�-HER2 therapy None None Trial only Trastuzumab 1-yr

Chemotherapy
  Premenopausal
  Postmenopausal

Trial only
None

CMF or CEF
CMF in ER 
nega�ve 

CEF
CEF in ER 
nega�ve

EC->taxane
EC->taxane

AI: aromatase inhibitor; C: cyclophosphamide; M: methotrexate; E: epirubicin; F: fluorouracil 

Figure 2. Patients and treatments in successive decades.
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Discussion

In this nationwide and population-based study we have dem-
onstrated a significant improvement of the prognosis follow-
ing early breast cancer in four successive decades.
Furthermore, the present study indicates that the substantial
reduction in mortality from to 53.3% to 28.5% in first 10
years after breast cancer is closely connected to results
obtained in clinical trials and in particular to those obtained
by the Danish Breast Cancer Cooperative Group nationwide
or in internal collaboration. In a study accompanying our
study in this issue a quite fast implementation of guideline
modification is shown over the last decade and equivalent
results have previously been shown for the preceding three
decades [105,106].

Several issues should be considered when interpreting
this study. First, the population-based design of our clinical
database and the prospective and comprehensive registra-
tion of patients and treatments minimized the risk of bias.
Second, patients above 70 at diagnosis of breast cancer and
patients with multimorbidity were not included in phase 3
trials and results from clinical trials may not have been imple-
mented fully in non-eligible patients. Third, life-expectancy
has gradually been increasing during the last four decades
and may in part explain our results. Finally, earlier diagnosis
and alterations in the biology of the disease may have con-
tributed to reductions in mortality.
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ABSTRACT
Background: Since 40 years, Danish Breast Cancer Cooperative Group (DBCG) has provided compre-
hensive guidelines for diagnosis and treatment of breast cancer. This population-based analysis aimed
to describe the plurality of modifications introduced over the past 10 years in the national Danish
guidelines for the management of early breast cancer. By use of the clinical DBCG database we analyze
the effectiveness of the implementation of guideline revisions in Denmark.
Methods: From the DBCG guidelines we extracted modifications introduced in 2007–2016 and selected
examples regarding surgery, radiotherapy (RT) and systemic treatment. We assessed introduction of
modifications from release on the DBCG webpage to change in clinical practice using the DBCG clinical
database.
Results: Over a 10-year period data from 48,772 patients newly diagnosed with malignant breast
tumors were entered into DBCG’s clinical database and 42,197 of these patients were diagnosed with
an invasive carcinoma following breast conserving surgery (BCS) or mastectomy. More than twenty
modifications were introduced in the guidelines. Implementations, based on prospectively collected
data, varied widely; exemplified with around one quarter of the patients not treated according to a
specific guideline within one year from the introduction, to an almost immediate full implantation.
Conclusions: Modifications of the DBCG guidelines were generally well implemented, but the time to
full implementation varied from less than one year up to around five years. Our data is registry based
and does not allow a closer analysis of the causes for delay in implementation of guideline
modifications.
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Introduction

In 1977 the Danish Breast Cancer Cooperative Group (DBCG)
launched a nationwide breast cancer database accompanying
multidisciplinary guidelines for diagnostic, treatment and fol-
low-up of breast cancer [1,2]. These initiatives have improved
the quality of diagnostic procedures and all aspects of breast
cancer treatment in Denmark. Furthermore, continued devel-
opment and standardization of procedure and treatment
strategies have significantly contributed to an improvement
of the prognosis in breast cancer and has become a model
for the construction of multidisciplinary cancer groups [3,4].
Improvement in the quality of care by clinical guidelines has
been shown repeatedly but it is less clear how effectively
guidelines are maintained and how long time it takes to
implement modifications [5].

Several potential barriers may delay implementation of
evidence-based guidelines but the awareness of guidelines
from the DBCG is promoted by the involvement of relevant
professionals, a joint conception of the guidelines and a

clinical database and a quality ensurance system [6].
Partnerships between those who produce guidelines and
those who use them are likely to enhance their relevance
and implementation, and the guidelines of the DBCG, there-
fore, have been authored by scientific committees encounter-
ing all breast centers in Denmark [7].

Methods

Study population

Since 2006, all patients with a record of a first invasive breast
tumor in the Danish National Pathology Registry have been
registered in the clinical database of DBCG.

Guidelines

National guidelines are continuously modified and available
from the website of DBCG (www.dbcg.dk). The guidelines are

CONTACT Maj-Britt Jensen mj@dbcg.dk Danish Breast Cancer Cooperative Group Secretariat, Rigshospitalet, Section 2501, Blegdamsvej 9, Copenhagen
DK2100, Denmark
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prepared and agreed upon in the Scientific Committee of
each of the specialties. All Danish centers are represented in
the committees. The guidelines are finally approved by the
DBCG board.

Organization of the database

The clinical DBCG database comprises a web-based open
source data entry and display module with pages adapted for
each of the specialties involved. Remote data entry is access-
ible from all Danish hospital units involved in diagnosis and
treatment of breast cancer patients. The modules encompass
data validation on data entry and cross validations connected
queries directed to specific departments. The database and
query system is updated on a daily basis. Treatment guideline
algorithms based on reported data on patient characteristics
and prognostic factors are built into the system. The data
entry and query system has been extended to non-Danish
centers participating in randomized DBCG clinical trials.

Histopathology

The reported histopathological data included histological
type according to WHO [8], tumor size, examination of tumor
margins, invasion into skin or deep resection line, malignancy
grade, number of nodes examined, hereof tumor positive,
vascular invasion, estrogen (ER) and/or progesterone status,
HER2 status, TOP2A status (2007–2013) and Ki67 (from 2009).
Additional analysis and definitions are described in details
elsewhere [3,9].

Treatment

The data of therapeutic interventions included type of breast
(mastectomy or breast conserving surgery (BCS)) and axillary
(sentinel node (SN) or axillary lymph node dissection (ALND))
surgery, oncoplastic procedures, radiotherapy (RT) (target,
dose, number of fractions), systemic therapy (type, doses,
duration), hematological toxicities and other adverse events
and the results of the follow-up studies.

Supplementary data

Each patient is registered with a unique civic registration num-
ber assigned to each citizen in Denmark [10]. Through linkage
to nationwide Danish health registries, complete and continu-
ously updated data on vital status and emigration (Danish Civil
Registration System), cause of death (Danish Causes of Death
Registry), pathology reports (National Pathology Registry), other
malignancy (Danish Cancer Registry) and hospitalizations
(National Patient Registry) are retrieved. From the National
Patient Registry data, an algorithm has been set up to assign a
Charlson comorbidity index to each registered patient [11].

Results

From 2007 to 2016 records from 48,772 patients with malig-
nant breast tumors was entered into DBCG’s clinical

database, and 42,197 of these patients were diagnosed with
an invasive carcinoma following BCS or mastectomy.

Risk assessment

From 1977 to 1989 patients were classified as high-risk if
node-positive, tumor size >5 cm or tumor invasion in skin or
deep fascia or otherwise as low-risk [7]. The high-risk group
was gradually extended and in 2013 a prognostic model was
introduced to allow de-escalation of chemotherapy among
postmenopausal patients with ER positive breast cancers.
This model was constructed using prospectively recorded
data on recurrence and survival from 6529 patients who in
1996–2004 as the sole adjuvant systemic treatment received
tamoxifen, an aromatase inhibitor or the two in sequence.
Using multivariable fractional polynomials a highly perform-
ing prognostic index was constructed [12]. In 2017, risk
assessment was further refined by inclusion of molecular sub-
types (PAM50) [13].

Surgery

Since 2002 the preferred surgical procedure has been BCS
combined with SN assessment, and more than 70% of the
patients with invasive breast cancer received a BCS in 2016.
Guidelines for surgical margin was changed in 2013, see
Supplementary Table 1 [14]. ALND is limited to node positive
cases and cases not eligible for the SN technique. Primarily
based on the results from the ACOSOG Z0011 trial DBCG
guidelines (Table 1) for ALND following SN was changed in
December 2011 [15]. Figure 1(A) shows the distribution of
axillary surgery in patients with micrometastases only in SN.
Omission of ALND increased slowly from 16% in 2007 to 21%
in 2010, before the guideline was changed in December
2011, rose to 74% after adoption of the revised guideline
and ALND was omitted in around 95% from 2013 to 2016.

Pathology

HER2 assessment was in Denmark introduced for identifica-
tion of eligible participants to the HERceptin Adjuvant (HERA)
trial [16,17]. As a results from HERA and other adjuvant tras-
tuzumab trials HER2 assessment was in 2005 introduced to a
restricted population and the guidelines were revised in 2008
(Table 1) and has since April 2010 been a standard prognos-
tic and predictive factor comprising all breast cancer patients
[18,19]. The change introduced April 2010 in guidelines for
adjuvant therapy included patients 60 years or older with ER
and HER2 positive breast cancer, and shifted from endocrine
therapy alone to combined treatment with chemotherapy,
trastuzumab and an aromatase inhibitor. Figure 1(B) shows
the distribution of HER2 status according to year of inclusion
for this subgroup of patients. The proportion of patients reg-
istered with HER2 status increased from 74% in 2007 to 94%
in 2011 and 99% in 2016.

ER is registered as a continuous variable allowing for use
of different cut-points [20,21]. Very few patients are regis-
tered with ER 1–9% (approximately 65 patients per year).

14 M. B. JENSEN ET AL.
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Ki67 has been assessed for most patients since 2009, but
was not introduced in treatment guidelines (Supplementary
Table 2) due to lack of standardization (methodology, repro-
ducibility) [22].

Radiotherapy

Since 1999 postoperative RT has been recommended follow-
ing BCS and following mastectomy if node positive (macro-
metastasis) to women less than 70 years. The age criterion
was modified in 2008, Supplementary Table 3. In patients
�75 years the treatment has been based on an individual
evaluation, with a high focus on patient shared decision
making.

The fractionation schedules have been changed several
times during the last decade, Table 1. Figure 2(A) shows the
distribution of different schemes according to time of RT for
patients with invasive breast cancer, who had breast only RT
and not included in a randomized trial. A marked change
from 98 to 81% treated with 48Gy/24 fractions (Fr) in 2007
and 2008 to 2% in 2009 was seen following the change in
guideline January 2009, where the DBCG recommendation
was modified to 50Gy/25 Fr to ensure comparability with
other countries. Hypofractionation based on 40Gy/15 Fr was
partly introduced for selected patients treated with breast
only RT in the guidelines in 2010, but implemented earlier
(1% in 2007, 13% in 2008). In 2014 and 2016 the correspond-
ing figures were 79 and 97%.The division in the years
2009–2015 is a result of successively implementation for dif-
ferent patient groups, but also a different approach in differ-
ent centers.

From 2003 all high risk breast cancer patients treated with
loco-regional RT had the internal mammary nodes (IMN)
included in the RT fields in right sided breast cancer, but not
in left sided. The IMN target generally included the nodes in
caudal direction to the intercostal space IV. In 2014 all
patients, irrespective of laterality, receiving loco-regional RT
according to DBCG guideline had the IMN included [23–25].
Figure 2(B) shows the proportion of node-positive
patients with IMN included according to year of RT for left
sided patients, with a marked change in 2014 (76% IMN
included) and very few patients not having IMN in the target
in 2016 (6%).

Systemic treatment

Systemic treatment is not recommended to postmenopausal
women with T1 tumors in the absence of other risk factors
[26]. The group of patients receiving systemic treatment has

(A)

(B)

Figure 1. Panel A: Distribution in percent of use of ALND according to year of
surgery for patients with invasive breast cancer with micrometastases only in
SN (N¼ 4869 for the period 2007–2016). Panel B: Distribution in percent of
HER2 status according to year of surgery for patients with ER positive disease
60 years or older at diagnosis (N¼ 22,209).

Table 1. Changes 2007–2016 in guidelines selected for data presentation.

Treatments Specification of guideline changes Introduction

ALND following SN Omitted in case of micrometastases only Dec 2011
HER2 Implementation of national guidelines for standardization and

interpretation of HER2 staining procedures according to ASCO
CAP with modifications in 2013

Sep 2008
Feb 2014

Trastuzumab if HER2 positive and HR� or HRþ and <60 years Jan 2007
Trastuzumab if HER2 positive irrespective of other risk factors Apr 2010

Fractionation 48 Gy/24 Fr changed to 50 Gy/25 Fr Jan 2009
BCS, breast only RT, no boost (two centers): 40 Gy/15 Fr Feb 2010
BCS, breast only RT, >40 years: 40 Gy/15 Fr Apr 2014
BCS, breast only RT: 40 Gy/15 Fr 2014–2016

Target volume Loco-regional RT: IMN included left sided also Jun 2014
Endocrine treatment Upfront letrozole to postmenopausal patients Jan 2009
Chemotherapy Inclusion of taxanes (sequential EC followed by a taxane) Jan 2007

ALND: axillary lymph node dissection; SN: sentinel node; IHC: Immunohistochemistry; ISH: In situ hybridization; HER2: human epidermal growth factor receptor 2;
HR: hormone receptor; Fr: fractions; BCS: breast conserving surgery; RT: radiation therapy; IMN: internal mammary nodes.
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gradually increased, Supplementary Table 4. In 2007 the rec-
ommended endocrine therapy was five years of tamoxifen in
premenopausal and sequential tamoxifen-aromatase inhibitor
in postmenopausal patients [27]. Up-front letrozole to post-
menopausal patients was recommended from January 2009
(Table 1) [28]. Figure 2(C) shows postmenopausal patients
not included in randomized trial allocated to endocrine ther-
apy according to up-front treatment and year of inclusion.
From 16% with up-front AI before the guideline was applic-
able, the vast majority received an aromatase inhibitor up-
front thereafter with 88% in 2009 and 96% in 2010 and 2016.
Other changes concerning endocrine treatment are listed in
Supplementary Table 4.

Adjuvant trastuzumab has since 2010 been recommended
to all patients with HER2 overexpressing or amplified breast
cancer. In the period 2006–2010 trastuzumab was only

recommended to patients who also were recommended
chemotherapy [16]. The administration of trastuzumab has
changed from weekly to three-weekly and from intravenous
to subcutaneous administration. Also, pertuzumab in combin-
ation with trastuzumab has been introduced in the neoadju-
vant setting [29].

Throughout 2007–2016 the recommended adjuvant
chemotherapy has been three-weekly cycles of EC (600,
90mg/m2) followed by either three-weekly cycles of
docetaxel (100mg/m2) or nine weekly cycles of paclitaxel
(80mg/m2) [30,31]. Figure 2(D) shows the chemotherapy regi-
men with or without inclusion of a taxane for this time
period. Also, 2006 has been listed to highlight the change by
January 2007. In 2006 10% had taxane based CT, changing
to 90% in 2007 and stabilizing thereafter with 98% in 2008
and 97% in 2016. The use of paclitaxel has gradually

(A) (B)

(C) (D)

Figure 2. Panel A: Distribution in percent of fractionation used for invasive breast cancer patients with breast only radiation therapy according to year of radiation
(N¼ 15,005; patients in RT trials not included). Panel B: Distribution in percent of inclusion of IMN (internal mammary nodes) according to year of radiation for
patients with loco-regional radiotherapy and left-sided breast cancer (N¼ 5805). Panel C: Distribution in percent of up-front treatment with either tamoxifen (TAM)
or an aromatase inhibitor (AI) according to year of inclusion for postmenopausal patients allocated to endocrine treatment (N¼ 17,314; patients in trials for systemic
treatment not included). Panel D: Distribution in percent of high-risk patients allocated to chemotherapy according to year of inclusion and whether chemotherapy
was taxane based (N¼ 14,457).
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increased from none to the vast majority of patients. Neo-
adjuvant chemotherapy has throughout the 10 year period
been an option and has since 2016 been encouraged for
patients with HER2 positive and to patients with ER and
HER2 negative breast cancers. Zoledronic acid (eight times
with six months intervals) has been recommended since
2014.

Discussion

In its fourth decade, the DBCG continued to refine multidis-
ciplinary guidelines and further develop the comprehensive
clinical database to allow an evaluation of the implementa-
tion of the guidelines. More than twenty revisions were intro-
duced in 2007 through 2016 in the DBCG guidelines which
reflect the high level of activity within this multidisciplinary
group. The revisions monitored in this study were all success-
fully implemented within a reasonable short timeframe prob-
ably facilitated by easily assessable guidelines placed jointly
with an online decision support system on the webpage of
the responsible cooperative group. Accessibility and applic-
ability has repeatedly been highlighted as the most import-
ant factors for implementation of guidelines [32,33].

This study in addition indicates that time from announce-
ment of a breast cancer guideline revision until it is fully
implemented may vary from less than one year to more than
two years according to the type and setting of the treatment.
Guideline revisions dealing with change of systemic treat-
ment were implemented within less than a year while more
than two years passed before revisions concerning loco-
regional treatment were implemented. Also, treatment strat-
egies were to some extent introduced before established in
guidelines. There seem to have been the same degree of evi-
dence behind all revision. Upfront treatment with an aroma-
tase inhibitor instead of tamoxifen was based on results from
the BIG 1–98 [28], the decision to recommend the addition
of a taxane to adjuvant chemotherapy was based on a sys-
tematic review [31], omission of ALDN in patients with micro-
metastases only in SN was based on the ACOSOG Z0011 trial
[15] and the revision on irradiation of left-sided IMN was
based on a large cohort study [23]. In contrast, only the
guideline revisions on systemic treatment were accompanied
by a health technology assessment (HTA) to facilitate reim-
bursement [34].

We are in this study able exactly to indicate the sequence
of events. First, the introduction of revisions in the guidelines
of the DBCG is announced on the DBCG website setting an
official date for their introduction. Second, data prospectively
documenting the degree of implementation could for each
revision be extracted from the clinical DBCG database. In
contrast, implementation of guidelines is frequently eval-
uated retrospectively using questionnaires [35].

Some limitations should be considered when interpreting
our study. We only monitored a small sample of revisions
introduced in the last decade, and those included were bet-
ter defined than those remaining. We did not assess comor-
bidity in this study and multimorbidity involves a variety
of challenges and may to some degree have limited

implementation [36]. Further, regional differences have not
been investigated.

In conclusion, the guidelines of the DBCG to a large
extent ensures homogenous diagnostic and treatment strat-
egy across all centers and implementation of guideline modi-
fications is generally successful although time from
introduction to implementation varies across the different
disciplines.
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Breast conserving surgery versus mastectomy: overall and relative survival—a
population based study by the Danish Breast Cancer Cooperative Group (DBCG)
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ABSTRACT
Background: Observational studies have pointed at a better survival after breast conserving surgery
(BCS) compared with mastectomy. The aim of the present study was to evaluate whether this remains
true when more extensive tumor characteristics and treatment data were included.
Methods: The cohort included patients registered after primary surgery for early invasive breast cancer
in the database of the Danish Breast Cancer Cooperative Group, in the period 1995–2012. The cohort
was divided into three groups: (i) patients who primarily had a mastectomy, (ii) patients treated by
BCS, and (iii) patients who primarily had BCS and then mastectomy [intention to treat (ITT) by BCS].
The association between overall mortality and standard mortality ratio (SMR) and risk factors was ana-
lyzed in univariate and multivariate Poisson regression models.
Results: A total of 58,331 patients were included: 27,143 in the mastectomy group, 26,958 in the BCS
group, and 4230 in the BCS-ITT group. After adjusting for patient and treatment characteristics, the
relative risk (RR) was 1.20 (95% CI: 1.15–1.25) after mastectomy and 1.08 (95% CI: 1.01–1.15) after BCS
first and then mastectomy, as compared to BCS. Statistically significant interactions were not observed
for age, period of treatment, and nodal status, but patients with Charlson’s Comorbidity Index (CCI)
score 2þ had no increased mortality after mastectomy, as opposed to patients with CCI 0–1. Loco-
regional radiation therapy (RT) in node positive patients did not reduce the increased risk associated
with mastectomy [RR¼ 1.28 (95% CI 1.19–1.38)].
Conclusion: Patients assigned to BCS have a better survival than patients assigned to mastectomy.
Residual confounding after adjustment for registered characteristics presumably explained the different
outcomes, thus consistent with selection bias. Diversities in RT did not appear to explain the observed
difference in survival after BCS and mastectomy.
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Introduction

The randomized trials conducted in the 1980-ies showed an
equal outcome after breast conserving surgery (BCS) com-
bined with radiation therapy (RT) and mastectomy [1–3].
Since then BCS has become the preferred method.

Recent results from observational studies [4–7] has
pointed at a better survival after BCS compared with mastec-
tomy. Accordingly, it has been argued that it may no longer
be appropriate to offer women suitable for BCS the choice of
mastectomy [8]. All of these studies have limitations, as they
all more or less lacked significant prognostic variables charac-
terizing tumor biology and treatment. The present material
from the Danish Breast Cancer Cooperative Group (DBCG)
was from a population-based cohort including variables com-
prehensively describing patient and tumor characteristics and
the given treatment.

The aim of the present study is on a large population-
based material to compare the outcome for Danish breast
cancer patients treated by mastectomy and BCS. The com-
parison takes the available prognostic variables into a multi-
variate analysis and includes an intention to treat analysis.

Material and methods

Since the establishment in 1977, DBCG has provided stand-
ard diagnostic treatment algorithms for early breast cancer.
Data on diagnosis, therapy, and follow-up on newly diagnosed
breast cancer patients have been collected prospectively in
the DBCG registry by the use of standardized forms [9].

The cohort used in this study, included patients who had
surgery for invasive breast cancer in the period 1995–2012.
Patients preoperatively diagnosed with distant metastatic,
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locally advanced breast cancer, or synchronous bilateral
breast cancers were not included in the cohort. Furthermore,
patients who had received neo-adjuvant therapy or patients
with unknown nodal status were not included in the cohort.

The cohort was divided into three groups: (i) patients with
assigned mastectomy as the first surgical procedure, (ii)
patients with breast conservation as the definitive surgical
procedure, and (iii) patients assigned with an initial BCS fol-
lowed by mastectomy as a second or later procedure. The
definitive surgical procedure is detailed registered in DBCG
and we retrieved information on prior surgery from the
Danish National Patients Registry and on prior examination
of tissue from the Danish National Pathology Registry. Vital
status and emigration was retrieved from the Danish Civil
Registration System and mortality in the general Danish
female population by age and calendar period was obtained
from Statistics Denmark.

Comorbidity was described by Charlson’s Comorbidity
Index (CCI) [10], based on data from hospital contacts using
International Classification of Disease (ICD-8 and ICD-10) data
up to 10 years prior to the breast cancer diagnosis date.

Statistics

Primary and secondary end-points were standardized mortal-
ity ratios (SMR) and overall survival. Overall survival was
defined as time from surgery until death from any cause.

Estimated median follow-up time was quantified in term
of Kaplan–Meier estimates [11]. SMR, was calculated as the
ratio of the observed number of death among patients to
the expected number of deaths. The expected number of
deaths was estimated by multiplying the survival time
accrued from the study cohort by the mortality rates of the
general population of women matched by age (1 year
groups) and calendar period (1 year groups). Estimates of
SMR greater than unity indicates that breast cancer patients
have a higher mortality rate than women in the general
population. Kaplan–Meier estimates were used to estimate
overall survival.

The association between mortality and risk factors was
analyzed in univariate and multivariate Poisson regression
models. In the multivariate analysis, we adjusted for: age at
operation categorized in year intervals (18–44, 45–54, 55–64,
65–74, 75þ), year of operation divided into the three periods
(1995–2001, 2002–2007, 2008–2012), comorbidity described
by CCI categories (0, 1, 2, 3þ), tumor size categorized in
intervals (0–10mm, 11–20mm, 21–30mm, 31–50mm,
51þmm), number of positive lymph nodes in four nodal cat-
egories (0, 1–3, 4–9, �10), histological type (ductal, lobular,
other), malignancy grade (I, II, III), percent of ER-positive
tumor cells [negative (0–9%), positive (10–100%)], lymphovas-
cular invasion (LVI) with two levels (yes versus no), multifocal-
ity with three levels (multifocal, unifocal, and unknown),
chemotherapy, RT and endocrine therapy each with three
levels (yes, no and unknown). Unknowns were included in
most appropriate categories, unless otherwise specified.
Furthermore, the results of the full multivariate model were
compared with a corresponding model, where age, tumor

size and number of positive lymph nodes were included as
continuous variables. The results of these analyses did not
alter the overall results noticeably. Likewise was the results
not altered by including HER2 in the multivariate models.
Hence, HER2 was not included and all variables were treated
as categorical in the final multivariate model. Interactions
between operation and age, year of operation, CCI, nodal sta-
tus, and systemic therapy were investigated in separate mod-
els. An intention to treat analysis as well as an analysis based
on the outcome operation was included.

p values <.05 were considered significant, and p values
were two-tailed. The statistical analyses were performed in R
version 3.2.3 [12].

Results

The population of surgical treated female breast cancer
patients included in all 68,842 patients (Supplementary
Figure S1). After exclusion of patients with locally advanced,
distant metastatic, and bilateral breast cancer, and further-
more patients who were not surgical treated and patients
who had neoadjuvant chemotherapy, the material consisted
of 61,199 surgical treated patients. Lymph node status was
not available in 2868 cases (4.7% of the total), and these
patients were not included in the study. Thus, the material
included 58,331 breast cancer patients, of which 31,373 were
treated by mastectomy and 26,958 by BCS. In the mastec-
tomy group, there were 4230 who initially had breast conser-
vation, but within 3 months had a mastectomy as a second
or third procedure.

Patient characteristics are given in Table 1. BCS increased
from 24.4% in the period 1995–2001 to 68.0% in the period
2008–2012. In the 75þ age group, 23.6% had BCS. Compared
to the mastectomy groups, patients in the BCS group (all
p< .0001) had smaller tumors (median 23 versus 15mm,
respectively), had fewer lymph node metastases (57.1 versus
34.5%), and were more often hormone receptor positive
(73.7 versus 83.1%).

Survival is depicted in Figure 1. The estimated median
potential follow-up time was 11.5 years. The 10-year survival
rates were 57% after primary mastectomy and 82% in
patients having final BCS. Patients who had initially BCS but
eventually were mastectomized had a 10-year overall survival
of 74%, thus closer to the result in the BCS group.

The differences in survival between the various surgical
groups are further elucidated in Table 2 showing both uni-
variate and multivariate risk estimates for overall mortality
and SMR. As shown, the mortality was increased in patients
treated by mastectomy, although adjusting for the various
prognostic risk factors reduced the difference between the
groups. Of further notice was an only modest difference
between patients, by whom the intention was to do BCS, but
later were converted to mastectomy, and those patients, in
whom breast conservation succeeded: relative risk (RR) 1.08
(95% CI 1.01–1.15) in the adjusted model.

The impact on mortality of the patient, tumor, and treat-
ment variables included are given in Table 3, presenting the
results from the multivariate Poisson model on the intention
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to treat populations. Patients primarily assigned to mastec-
tomy had 21% increased risk in overall mortality and 19%
increase in SMR compared to BCS.

Interactions between surgical treatment and selected pre-
dictive variables are depicted in Figure 2. Significant interac-
tions were not observed for age, period of treatment, and
nodal status. HER2 was primarily registered for patients
included in the latter half of the study inclusion period, with
the majority of patients with HER2-positive tumors receiving

HER2-targeted treatment. Inclusion of HER2 in the multivari-
ate models did not alter the overall results. However, there
was a highly significant interaction between type of oper-
ation and CCI. Those with CCI-score 2þ had no increased
mortality after mastectomy, as opposed to patients with CCI
0–1. Similar results were observed for overall survival and for
the ITT groups (data not shown). Careful review of CCI
groups reveled that chemotherapy and RT were less often
given to patients with comorbidity (Supplementary Table S1).

Finally, the complex interaction between surgical type and
both nodal status and RT was evaluated (Supplementary
Table S2). No statistical significant interactions were observed
(p¼ .93). Indication for loco-regional RT has varied over the
years for the present study cohort. Comparing patients with
macrometastases, loco-regional RT did not reduce the
increased risk [RR¼ 1.28 (95% CI 1.19–1.38)], with an almost
identical estimate for patients with macrometastases and no
indication for loco-regional RT, i.e., mastectomy no RT versus
BCS breast only RT, [RR¼ 1.27 (95% CI 1.14–1.42)]. Similar
results were observed for overall survival and for the ITT
groups (data not shown).

Discussion

The present study has shown a higher risk of mortality in
breast cancer patients treated by mastectomy compared with
patients having breast conserving therapy. Patients going
through an attempt of breast conservation prior to mastec-
tomy had a considerable better outcome than those primarily
assigned to mastectomy. Adjusting for various prognostic risk
factors decreased the excessive mortality after mastectomy
to �20%. The increased risk seems independent of age and
period of treatment. Differences in RT could not explain the
different outcome between mastectomy and BCS. The
observed differences seem to some degree to rely on
residual confounding.

The present results confirm previous findings from register
based studies of an up to 20–30% better survival in patients
treated by BCS compared to mastectomy. The largest study
based on data from the Surveillance, Epidemiology, and End
Results (SEER) database [4], included more than 130,000
patients treated in the period 1998–2008 with tumor size up
to 4 cm and �3 positive lymph nodes. In the multivariate
analysis in that study, the hazard ratio (HR) for survival was
1.31 after BCS compared with mastectomy alone. The HR was
even higher when comparing BCS with mastectomy com-
bined with RT (1.47). The study had some major limitations,
as it did not include information on systemic therapy, and
the tumor characteristics were limited to hormone receptor
status, grade, and lymph node status, with no information on
LVI or HER2 status.

Similar results were reported from one Canadian [5], fur-
ther two American [6,7], and two Norwegian studies [13,14].
These studies also all lacked some essential information on
tumor biology and on treatment, especially on systemic
treatment. Contrary to this, a study from the Netherlands
Cancer Registry including around 37,000 patients treated in
the period 2000–2004 had more prognostic factors included

Table 1. Characteristics of 58,331 Danish breast cancer patients surgically
treated in the period 1995–2002.

Characteristic

Mastectomy
(final)

BCS
(final)

BCS and
mastectomy

N % N % N % Total

27,143 44.4 26,958 44.1 4230 6.9 58,331
Year of inclusion
1995–2001 12,735 47 4846 18 2249 53 19,830
2002–2007 9030 33 8907 33 1148 27 19,085
2007–2012 5378 20 13,205 49 833 20 19,416

Age at operation
18–44 2598 10 2631 10 672 16 5901
45–54 5227 20 6446 24 1239 29 12,912
55–64 6869 25 9497 35 1167 28 17,533
65–74 6656 25 6496 24 823 20 13,975
75þ 5793 21 1888 7 329 8 8010

CCI
0 21,172 78 22,210 82 3572 84 46,954
1 3443 13 2907 11 375 9 6725
2 1565 6 1275 5 185 4 3025
3þ 963 4 566 2 98 2 1627

Tumor size (mm)
0–10 2304 9 7063 26 1133 27 10,500
11–20 8842 33 13,893 52 1592 38 24,327
21–30 8371 31 4879 18 808 19 14,058
31–50 5471 20 949 4 443 11 6863
51þ 1807 7 47 0 129 3 1983
Unknown 342 1 117 0 125 3 584

Positive lymph nodes
0 11,640 43 17,656 66 2409 57 31,705
1–3 8825 33 7333 27 1194 28 17,352
4–9 3936 15 1427 5 402 10 5765
10þ 2742 10 542 2 225 5 3509

Histological type
Ductal 21,744 80 22,143 82 3204 76 47,091
Lobular 3487 13 2277 8 632 15 6396
Other 1699 6 2357 9 359 9 4415
Unknown 213 1 181 1 35 1 429

Grade (ductal and lobular)
I 6159 24 8776 36 990 256 15,925
II 10,624 42 9969 41 1532 40 22,125
III 6177 25 4861 20 761 20 11,799
Unknown 2271 9 814 3 553 14 3638

Estrogen receptor
Negative (0–9%) 6068 22 4023 15 905 21 10,996
Positive (10–100%) 19,999 74 22,412 83 3104 73 45,515
Unknown 1076 4 523 2 221 5 1820

HER2 receptor
Normal 7046 76 15,003 88 1063 78 23,112
Positive 2228 24 1999 12 302 22 4529
Unknown 17,869 9956 2865 30,690

Lymphovascular invasion
No 19,919 73 23,893 89 3162 75 46,974
Yes 5108 19 1952 7 488 12 7548
Unknown 2116 8 1113 4 580 14 3809

Multifocality
Multifocal 4302 16 741 3 832 20 5875
Unifocal 20,897 77 25,170 93 2878 68 48,945
Unknown 1944 7 1047 4 520 12 3511

BCS and mastectomy¼ patients initially assigned to BCS, but finally having
mastectomy. Differences between groups were statistically significant for all
variables with p values<.0001.
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in their analysis. Thus, information on tumor size, nodal sta-
tus, and grade were available for most patients, but data
regarding hormone receptor status was incomplete and lack-
ing for a large proportion of the patients. Also, the study did
not report on HER2 status. The study population was
restricted to subgroups T0–2, N0–1. Adjuvant systemic treat-
ment was to only given to �50% of the patients included,
and among patients undergoing mastectomy, all who had RT
were excluded. Overall, the adjusted HR for 10-year survival
was 0.81 in the mastectomy group, but looking at subgroups
a significant benefit was only observed in the T1N0 group.
Later, the Dutch group reported in a second study on
patients with T1–2, N2 breast cancer [15]. The study included
3700 patients and found an overall adjusted HR at 0.88.
Again significance was not found in all subgroups, and in
this case it was restricted to the T2N2 group. The same
group very recently published a third paper also based on
data from the Netherlands Cancer Registry [16]. In that study,
the population included 129,692 patients treated in the
period 1999–2012, thus including the populations in the pre-
vious two studies. Interestingly, the last study report slightly

diverging results compared to the previous results: no sur-
vival benefit after BCS in the T1–2N2 group while BCS was
superior to mastectomy in all T1–2N0–1 subgroups. After
stratification there was no difference in patients younger
than 50 years and in patients with comorbidity.

The two first studies from the Netherlands, which were
known to us when the present study was planned, included
more prognostic risk factors in the multivariate analysis than
in the aforementioned studies and gave less convincing indi-
cations for a better survival after BCS. Based on these obser-
vations, and as we were able to include more prognostic
factors than presented in previous studies, we expected to
find a less pronounced difference in outcome between BCS
and mastectomy. But as shown, this was not the case. Even
after adjustment for a wide and more complete range of
prognostic factors, than in all other population-based studies
so far, patients treated by BCS seemed to have a better out-
come. It has been argued that it is the RT given to all BCS
patients, as opposed to patients treated by mastectomy,
which explains the observed differences [16,17], but the pre-
sent results clearly reject that hypothesis.

Figure 1. Overall survival in the three groups: patients primarily assigned to mastectomy, patients primarily assigned to BCS, and patients primary assigned to BCS
but who finally had mastectomy (BCS & Mast).

Table 2. Univariate and multivariate risk estimates for overall mortality and SMR.

Unadjusted values Adjusted values

Overall mortality SMR Overall mortality SMR

RR 95% CI RR 95% CI RR 95% CI RR 95% CI

M (ITT) versus BCS (ITT) 2.43 2.36–2.51 1.38 1.34–1.42 1.21 1.17–1.26 1.19 1.15–1.23
M (final) versus BCS (final) 2.46 2.38–2.54 1.44 1.39–1.48 1.23 1.18–1.28 1.20 1.15–1.25
BCS&M versus BCS (final) 1.51 1.43–1.60 1.28 1.21–1.36 1.10 1.03–1.17 1.08 1.01–1.15
M (ITT) versus BCS (final) 2.64 2.55–2.72 1.46 1.41–1.50 1.25 1.20–1.31 1.22 1.17–1.27

M¼mastectomy; M (ITT)¼ patients primary allocated to mastectomy; M (final)¼ patents finally having mastectomy; BCS (ITT)¼ patients primary allocated to
BCS; BCS (final)¼ patients finally having BCS; BCS&M ¼ patients initially allocated to BCS but finally having mastectomy.
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Previous Danish studies have pointed at a higher recur-
rence risk and higher mortality in younger patients [18,19]
and among these a worse outcome after BCS compared to
mastectomy [18,20]. These studies were done on patients
treated in the 1990-ties. The present results on a somewhat
later treated cohort, where the proportion of patients treated
by BCS increased over time, do not confirm that. The
increased use of and improvement in systemic treatment and
RT are probably the main explanation for this change in out-
come results. The previous studies had longer observation
periods and they showed a significant increased mortality
even after 10 years observation and we cannot rule out that
a longer observation period in the present study would have
changed the picture somewhat, although we do not believe
the general picture would have been markedly changed, as
we consider our results robust.

It is obvious that confounding by indication is in play.
Comorbidity has a strong impact with poorer survival [21],

and we found that patients with more comorbidity were
preferably treated by mastectomy, reducing the survival in
this group. Also, the proportion of patients with higher risk
tumors was increased. Adjusting for prognostic risk factors
reduced the RR after mastectomy, but not completely. The
observation that patients, who were initially assigned to BCS,
but had a final mastectomy, had a significantly better out-
come than patients primarily assigned to mastectomy and
only had a slight increase in mortality relative to what was
seen in the BCS group, strongly infers that there is some
residual confounding, which is not accounted for in our
study, and it seems more pronounced in patients with
tumors belonging to the more favorable end of the spectrum
and to patients without comorbidity. The minor differences
observed between the two groups assigned to BCS might be
related to recent findings showing that patients undergoing
mastectomy secondary to BCS because of insufficient mar-
gins, had an increased risk of distant metastasis [22].

Table 3. The impact on mortality of the patient, tumor, and treatment variables evaluated in a multivariate Poisson model on the intention to treat populations.

Variable

Overall mortality SMR

RR 95% CI p value RR 95% CI p value

Operation <.0001 <.0001
Mastectomy versus BCS 1.21 1.17–1.26 1.19 1.15–1.23

Age at operation <.0001 <.0001
Age at operation 18–44 versus 55–64 0.71 0.67–0.76 4.13 3.88–4.40
Age at operation 45–54 versus 55–64 0.70 0.67–0.74 1.56 1.49–1.64
Age at operation 65–74 versus 55–64 1.56 1.50–1.62 0.62 0.60–0.65
Age at operation 75þ versus 55–64 2.45 2.34–2.57 0.34 0.33–0.36

Treatment program <.0001 <.0001
Year of inclusion 2002–2007 versus 1995–2001 0.80 0.77–0.83 1.02 0.99–1.06
Year of inclusion 2008–2012 versus 1995–2001 0.56 0.53–0.59 0.90 0.86–0.95

CCI <.0001 <.0001
CCI 1 versus 0 1.49 1.44–1.55 1.51 1.45–1.57
CCI 2 versus 0 1.66 1.58–1.75 1.72 1.63–1.81
CCI 3þ versus 0 2.33 2.18–2.48 2.53 2.37–2.69

Tumor size <.0001 <.0001
Tumor size 0–10 versus 11–20a mm 0.79 0.75–0.83 0.82 0.78–0.86
Tumor size 20–30 versus 11–20a mm 1.19 1.15–1.23 1.19 1.15–1.23
Tumor size 30–50 versus 11–20a mm 1.33 1.27–1.38 1.32 1.27–1.38
Tumor size 50þ versus 11–20a mm 1.54 1.44–1.64 1.56 1.46–1.66

Positive lymph nodes <.0001 <.0001
Positive lymph nodes 1–3 versus 0 1.38 1.33–1.43 1.35 1.30–1.40
Positive lymph nodes 4–9 versus 0 2.12 2.02–2.22 2.20 2.10–2.30
Positive lymph nodes 10þ versus 0 3.12 2.96–3.29 3.47 3.29–3.65
Estrogen receptor (ER) status <.0001 <.0001
ER negative versus positive 1.20 1.14–1.25 1.19 1.14–1.25
ER unknown versus positive 1.06 0.99–1.13 1.07 1.00–1.15

Lymphovascular invasion <.0001 <.0001
Lymphovascular invasion yes versus noa 1.22 1.18–1.27 1.26 1.21–1.31

Histological type .0001 <.0001
Lobular versus ductal 0.99 0.95–1.04 0.99 0.95–1.03
Other typea versus ductal 0.89 0.84–0.94 0.87 0.83–0.92

Grade <.0001 <.0001
Grade 2a versus 1 1.14 1.10–1.19 1.14 1.10–1.18
Grade 3 versus 1 1.38 1.32–1.45 1.40 1.33–1.46

Focality <.0001 .04
Multifocal versus unifocal 1.01 0.97–1.06 1.04 1.00–1.09
Unknown versus unifocal 1.17 1.11–1.22 1.05 1.00–1.11

RT <.0001 <.0001
Unknown versus no 1.11 1.04–1.19 1.14 1.07–1.22
Yes versus no 0.83 0.80–0.87 0.93 0.89–0.97

Chemotherapy <.0001 <.0001
Unknown versus no 1.65 1.53–1.78 1.94 1.79–2.09
Yes versus no 0.81 0.77–0.85 0.95 0.90–1.00

Endocrine therapy <.0001 <.0001
Unknown versus no 1.70 1.58–1.83 1.78 1.65–1.91
Yes versus no 0.78 0.75–0.82 0.84 0.81–0.88

aUnknown included in group.
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In theory, there are possible explanations for a worse
prognosis among the group of patients treated by mastec-
tomy, not accounted for in this study. Some patients selected
for mastectomy have characteristics which give them a
higher risk of recurrence, including dense breasts [23] and
widespread DCIS in the surroundings [24]. Some studies
[25–27] have also indicated that multifocal tumors have a
more aggressive biology, although others have given diverg-
ing results [25,27–29]. It has been speculated that tumors
detected by mammography screening preferably treated by
BCS have a much more favorable prognosis and therefore
should be considered a major confounding factor.
Unfortunately, we did not have information on mammog-
raphy screening that allowed us to include that in our study,
but one of the previously cited studies from Norway looked
specifically on the impact of detection mode on the differ-
ence in outcome between the surgical treatment groups and
found a survival benefit after BCS independent of whether
the tumors were screen detected or had presented clinically
[14]. Multifocality/multicentricity was included in the present
study, but the distribution among the groups was very skew,
as multifocality has been considered a contraindication for
BCS. Therefore, the adjustment did probably not fully adjust
for this difference.

Finally, one cannot rule out that there are some adverse
effects of mastectomy contrary to BCS. Mastectomy is a more
extensive procedure and leads to more tissue damage and a
more pronounced inflammatory response [30]. This could
have a negative effect by suppressing the immune system
and promoting growth of residual tumor cells and in the

circulation for instance by angiogenesis of dormant avascular
micrometastases and surgery-induced activity of single malig-
nant cells [31,32].

Several issues should be considered when interpreting
this study. First, we were able to identify patients in whom
BCS was attempted but who went on to secondary mastec-
tomy. Patients with repeat surgery had a significantly lower
mortality compared to patients with a primary mastectomy,
but still not as favorable as patients with BCS only. Second,
detailed diagnostic and treatment characteristics were
recorded prospectively, and adjusting for these factors partly
explained the difference in outcome observed after BCS and
mastectomy. Third, CCI could be estimated using administra-
tive data and in patients with a CCI score of 0 or 1 mastec-
tomy as first choice of surgery was associated with higher
mortality and SMR while a CCI score of �2 was not. Fourth,
our study comprises a large and population-based cohort
allowing calculation of mortality relative to the Danish female
population. Our study was however confounded and we are
unable to determine whether the difference in outcome
observed after controlling for repeat surgery and adjusting
for other patient and treatment characteristics is a real effect
or constitutes residual confounding. Our study had other lim-
itations including lack of information on breast density, pres-
ence of DCIS, and HER2 status for a major part of the
population.

In conclusion, patients assigned to BCS have a better sur-
vival than patients assigned to mastectomy. Residual con-
founding after adjustment for registered characteristics
presumably explained the different outcomes, thus consistent

Figure 2. Forrest plot showing interactions between selected risk factors and the risk of mortality (SMR) and the final surgical procedure.

24 P. CHRISTIANSEN ET AL.

D
ow

nl
oa

de
d 

by
 [S

ta
ts

bi
bl

io
te

ke
t T

id
ss

kr
ift

af
de

lin
g]

 a
t 0

5:
00

 0
6 

Ja
nu

ar
y 

20
18

 



with selection bias. Diversities in RT do not seem to explain
the observed difference in survival after BCS and
mastectomy.
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Two years of tamoxifen or no adjuvant systemic therapy for patients with
high-risk breast cancer: long-term follow-up of the Copenhagen
breast cancer trial
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ABSTRACT
Background: The Copenhagen Breast Cancer Trial (CBCT) randomly assigned patients with early breast
cancer to two years of tamoxifen or placebo and we evaluated the effect over the following four
decades.
Patient and methods: Between 1975 and 1978, 327 patients with primary breast cancer were ran-
domly assigned to two years of daily placebo or tamoxifen. Survival statistics was collected from the
Danish Civil Registration System.
Results: The five-year invasive breast cancer recurrence (BCR) rate was 43.2% in the placebo arm and
31.9% in the tamoxifen arm. Compared with the placebo arm the hazard ratio for a BCR event was
0.73 in the tamoxifen arm (p¼ .07). With an estimated median follow-up on overall survival of 40.9
years, 154 and 145 patients had died in the placebo and tamoxifen arm, respectively. After adjustment
for baseline characteristics a significant reduction in mortality was obtained from tamoxifen (HR 0.79;
p¼ .04).
Conclusion: Two years of adjuvant tamoxifen resulted in a sustained reduction in mortality in pre- and
postmenopausal high-risk breast cancer patients with long-term follow-up data.
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Introduction

In 1975, when the Copenhagen Breast Cancer Trial (CBCT)
was initiated, the clinical and experimental experience of
tamoxifen was rather limited. An association between estro-
gen receptor content and endocrine treatment effect was
suggested in 1971 and the first report on the clinical effect
of tamoxifen in advanced breast cancer was published the
same year [1,2]. No published data from the adjuvant setting
was accessible and just one other adjuvant tamoxifen trial
was being initiated by McGuire and colleagues [3]. Several
additional trials evaluating tamoxifen as an adjunct to local
treatment of early breast cancer were launched in the late
seventies including the DBCG 77C, NSABP B-09, and NATO
trials [4–6]. The benefits of tamoxifen in the adjuvant setting
was first reviewed by Mouridsen and Palshof in 1983 and
later confirmed at the Consensus Development Conference
in 1985 as well as the first EBCTCG meta-analysis published
in 1988 [7–9].

Tamoxifen has been shown to reduce the risk of recur-
rence beyond the duration of treatment and there is evi-
dence supporting that this ‘carry-over’ benefit persists for at
least 10 years after completion of 5 years of tamoxifen
[10–12]. Moreover, a carry-over benefit persisting beyond 25
years has been suggested following only one or two years of

tamoxifen [13,14]. The aim of the this study was to follow
the effect of two years of tamoxifen over 40 years which was
expected to be the life span for most patients who were
postmenopausal at diagnosis.

Patient and methods

The Copenhagen Breast Cancer Trial (CBCT), was a double-
blind placebo-controlled phase-3 randomized trial. Identical
looking tamoxifen and placebo tablets were provided by
Imperial Chemical Industries (ICI), the sponsor of the trial.
Patients were randomized to tamoxifen (10mg) or identical
looking placebo and both were administered three times
daily. Randomization was stratified according to menopausal
status. The organization of CBCT has previously been
described in detail [15].

Patients

CBCT included women who achieved complete resection of
an invasive unilateral adenocarcinoma of the breast by sim-
ple mastectomy (without axillary dissection) and subse-
quently received adjuvant radiotherapy to the chest wall and
regional lymph nodes (40.92 Gy in 22 fractions, 5 fractions
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per week) as specified in the preceding CBCT trial [16].
Patients were required to be without evidence of advanced
disease by physical examination, radiography of the chest
and bone scintigraphy and without previous or concomitant
thromboembolic disease, chronic hepatitis, clinically signifi-
cant or untreated hypertension or heart disease and malig-
nant disease.

Estrogen receptor status

The ER content of the primary tumor was measured in histo-
logically verified tumor tissue by a dextran-coated charcoal
assay in a single laboratory (Johan Daehnfeldt). Tumors with
at least 10 fmol/mg cytosol protein were classified as ER posi-
tive. A later re-evaluation revealed a suboptimal sensitivity
and tumors originally classified as ER negative might have
been weakly ER positive [17].

Follow-up

Treatment-related adverse events and findings on clinical
and laboratory examination were recorded every 3 months
the first two years and then every 6 months for the next
three years. Bone scintigraphy was done yearly and radiog-
raphy of the chest and contralateral breast was done every
18 months. The Danish Civil Registration System (CRS) con-
tains continuously updated information on vital status and
emigrations and through linkage to CRS by each participant’s
unique civic registration number a complete follow-up until
1 August 2017 was retrieved on survival [18].

Statistical analysis

The statistical office of the DBCG undertook a central review
and analysis of data. The primary endpoint of the original
study was time to breast cancer recurrence (BCR) defined as
time from randomization to any first event of invasive ipsi-
or contralateral breast recurrence, local or regional invasive
recurrence or distant recurrence. As inclusion in this study
was completed 39 years ago, we as the primary endpoint
chose overall survival (OS) defined as time from randomiza-
tion to death irrespective of cause of death. Follow-up time
was quantified in terms of a Kaplan–Meier estimate of poten-
tial follow-up [19].

OS was analyzed unadjusted by the Kaplan–Meier method
and groups were compared using the log-rank test.
Cumulative incidence of BCR was analyzed with death with-
out recurrence as competing event. Expected survival was
calculated by applying age and calendar year specific female
mortality figures of the general Danish population to the cor-
responding person-years of the patient cohort. Hazard ratios
[HR] were estimated from the Cox proportional hazards
regression model (OS) and the Fine-Gray proportional haz-
ards subdistribution model (BCR) to quantify the effect of
treatment regimen and to explore interactions. Interactions
between treatment and the covariates were investigated in
separate models. The assumptions of proportional hazards
were assessed by Schoenfeld residuals, and by including a

time-dependent component in the model. Associations
between treatment regimen and other characteristics were
analyzed by chi-square. p values are two-tailed. Statistical
analyses were done with the statistical software SAS version
9.4 (SAS Institute, Inc., Cary, NC).

Ethics and role of sponsor

The funders designed the study and were responsible for
data collection. The DBCG statistical office was responsible
for linking to the CRS, the final decision regarding manuscript
content and submission. Placebo or tamoxifen (NolvadexVR )
10mg (Imperial Chemical Industries (ICI), UK) was taken
orally, three times daily continuously for two years.

Results

CBCT was open from March 1975 through March 1978, and
this analysis was conducted 39 years after closure of recruit-
ment. Median estimated potential follow-up was 6.3 years for
BCR and 40.9 years for OS. Among 317 participants, 164 were
randomized to tamoxifen and 153 to placebo, and patient
characteristics are shown in Table 1. Information on ER con-
tent was available from 196 patients and 127 (65%) were
classified as ER positive.

A total of 133 events of local- or distant BCR were
observed during the clinical follow-up and Figure 1(A) shows
the cumulative incidence curves for BCR. In the intent to
treat (ITT) analysis (N ¼ 317), the overall unadjusted HR for
BCR in the tamoxifen group compared with the placebo
group was 0.73; 95% confidence interval [CI] 0.52 to 1.02;
p¼ .07. When adjusting for baseline characteristics, including
ER, stage and menopausal status, the benefit of tamoxifen
remained unchanged (adjusted HR 0.74; CI 0.53–1.05;
p¼ .09). BCR remained largely unchanged following exclusion
of ER-negative patients (adjusted HR 0.72; CI 0.49–1.08), and
Figure 1(B) shows the CI-curves for patients with ER positive
or unknown tumors.

Table 1. Patient and tumor characteristics.

Tamoxifen Placebo

N % N % p value

Total 164 153
Age .19
�40 26 16 13 9
41–50 48 29 50 33
51–60 56 34 50 33
61–70 34 21 40 26

Menopausal status .72
Premenopausal 77 47 65 42
Perimenopausal 35 21 36 24
Postmenopausal 52 32 52 34

Estrogen receptor .59
Positive 62 38 65 42
Negative 39 24 30 20
Unknown 63 38 58 38

Stage .33
Stage 1 54 33 39 25
Stage 2 67 41 67 44
Stage 3 43 26 47 31
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By data cutoff, 299 (94%) of the 317 patients had died
and 154 and 145 deaths occurred in the placebo and tamoxi-
fen group, respectively. The bottom lines in Figure 1(C)
shows a trend towards a reduction in survival from tamoxifen
(HR 0.81; CI 0.65–1.07; p¼ .07). After adjustment for baseline
characteristics, a significant survival benefit was obtained
from tamoxifen in the ITT population (adjusted HR 0.79, CI
0.63–0.99; p¼ .04). For comparison, the survival is in the two
upper curves shown for age-matched women in the entire
Danish population (Figure 1(C)). The effect of tamoxifen
remained largely unchanged by the exclusion of ER negative
patients (adjusted HR 0.72; CI 0.56–0.94) as shown in Figure
1(D). As shown in Figure 2, we found no statistical evidence

of heterogeneity on the effect of tamoxifen from menopausal
status, ER status or stage.

Discussion

This is the longest follow-up ever of an adjuvant tamoxifen
trial, and the sustained reduction in mortality from two years
of tamoxifen shown in this 40-year analysis of the
Copenhagen Breast Cancer Trial has important implications.
In particular the long-lasting survival benefit from two years
of tamoxifen confirms that patients with pronounced side
effects from endocrine treatment can be reassured that even

(A) (B)

(C) (D)

Figure 1. Panel A shows cumulative incidence for Breast Cancer Recurrence (BCR) of the 317 patients included in the intent to treat analysis who were randomly
allocated to tamoxifen or placebo. Panel B shows the estimates in patients with confirmed ER positive or ER unknown tumors. Panel C shows the Kaplan–Meier esti-
mates of overall survival of the 317 patients included in the intent to treat analysis who were randomly allocated to tamoxifen or placebo. The gray curves show
the expected survival for the 317 patients, applying mortality figures of the general Danish population. Panel D shows the Kaplan–Meier estimates of overall survival
in patients with confirmed ER positive or ER unknown tumors. Number of patients at risk are given below x-axes.
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a couple of years of treatment are worthwhile. The
reduction in mortality appeared in pre- and postmenopausal
patients but may not include patients with ER negative
tumors.

This study has several strengths, including its placebo-con-
trolled design with provision of study drugs free of charge.
Moreover the importance of achieving local control of breast
cancer was already well recognized in the seventies, and as a
result of the first Copenhagen breast cancer trial, patients in
this study received a mastectomy followed by radiotherapy
[16,20]. At the time of enrollment into CBCT patients already
had been assigned a unique 10-digit civic registration num-
ber, and we obtained a complete follow-up on survival from
the CRS who ever since on a daily basis has updated infor-
mation on migration and vital status [18].

CBCT only included 317 patients and the small sample
size limited our ability to evaluate the benefit from tamoxifen
in subgroups. Several other limitations should be taken into
account when interpretation the results of this study. First,
the clinical work-up only continued for eight years from
inclusion of the first patient leaving a somewhat short fol-
low-up for breast recurrences. Second, tamoxifen was in
CBCT only given for two years and an incremental benefit

would be achievable by continuation for five or even 10
years. Third, a further benefit can be achieved in postmeno-
pausal women from substituting tamoxifen with an aroma-
tase inhibitor or giving tamoxifen and an aromatase inhibitor
in a sequence [21,22]. Fourth, tissue specimens for hormone
receptor assays were not available from about 40% of the
patients randomly assigned to treatment in CBCT. By todays
standard a low availability, but it must be taken into account
that the possibilities to predict anti-estrogen treatment only
was hypothesized when the CBCT began [23]. Fifth, the
standards for the biochemical hormone receptor test used in
this study was revised along the way and finalized after
recruitment was completed [24,25]. Finally, long term and
close to lifelong follow-up is inevitably associated with non-
proportional hazards. A closer investigation of the carryover
effect could potential be possible by dividing the follow-up
period in intervals, but this is in the current study prohibited
by the small sample size of our study [26].

In conclusion, two years of tamoxifen improves outcome
in high-risk breast cancer patients. The impact on mortality is
long-lasting implying that tamoxifen possess cytotoxic ability.
This study confirms that the same degree of benefit seems
to be achieved in pre- as well as in postmenopausal breast

Menopausal Status

  Premenopausal

  Postmenopausal

ER Status

  Negative

  Positive/unkn

Stage

  I

  II

  III

All

 N  

213

104

69

248

93

134

90

317

HR

0.79

0.78

1.07

0.72

0.94

0.82

0.62

0.79

95%−CI

(0.59 − 1.05)

(0.53 − 1.16)

(0.65 − 1.75)

(0.56 − 0.94)

(0.60 − 1.47)

(0.58 − 1.17)

(0.41 − 0.95)

(0.63 − 0.99)

P=0.99

P=0.17

P=0.39

Hazard Ratio

2.01.00.4

Favors TAM

Figure 2. The forest plot illustrates exploratory subgroup analysis of overall survival according to menopausal status, ER status and Stage. Hazard ratios (HRs) refer
to adjusted estimates obtained in the multivariate analysis of the intent-to-treat population. CI indicates 95% confidence interval. p-values are for test of heterogen-
eity of treatment effect.
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cancer patients but the benefit may be restricted to patients
with estrogen receptor positive breast cancer.
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ABSTRACT
Introduction: Neoadjuvant endocrine treatment (NET) is a low-toxicity approach to achieve operability
in locally advanced breast cancer, and to facilitate breast conservation in early breast cancer, particular
in patients with highly estrogen receptor (ER) positive and HER2-negative disease. Here, we report the
results obtained by neoadjuvant letrozole in patients with early breast cancer in a phase-II design.
Material and methods: A total of 119 postmenopausal women with ER-positive, HER2-negative oper-
able breast cancer were assigned to four months of neoadjuvant letrozole before definitive surgery.
Sentinel node or diagnostic fine needle aspiration cytology procedure was performed prior to treat-
ment and the women were assessed prior, at two months, and before surgery with clinical examin-
ation, mammography and ultrasonography. Surgical specimens were examined for pathological
response. Primary outcome was pathological and clinical response.
Results: The per protocol population consisted of 112 patients. Clinical response was evaluated in 109
patients and pathological response in 108. Overall a mean decrease in tumor size was 15% (p� .0001).
One patient had complete pathological response and 55% of patients had partial pathological
response. ER at 100%, ductal subtype, tumor size below 2 cm and lymph node–negative status was sig-
nificantly associated with a better response to NET and malignancy grade 3 with a poorer response to
NET. One patient progressed during treatment and received neoadjuvant chemotherapy. Eight patients
received adjuvant chemotherapy due to lack of response.
Conclusion: Neoadjuvant aromatase inhibitor therapy is an acceptable strategy in selected postmeno-
pausal patients with ER-rich and HER2-negative early breast cancer with ductal histology and should
be considered when chemotherapy either isn’t indicated or feasible.

ARTICLE HISTORY
Received 15 September 2017
Accepted 30 October 2017

Introduction

Neoadjuvant endocrine treatment (NET) is an low-toxicity
approach to achieve operability in locally advanced breast
cancer, particular in patients with highly estrogen receptor
(ER) positive and HER2-negative disease [1]. NET is further-
more increasingly used in patients with earlier-stage operable
breast cancer for down staging to allow a less mutilating sur-
gery; and as an research tool to obtain prognostic and pre-
dictive information using tumor response [2]. Third
generations aromatase inhibitors, such as letrozole, are in
postmenopausal women preferred over receptor modulators
such as tamoxifen due to higher response rates [3–5].
Pathological complete response (pCR) has been the most
commonly used endpoint in neoadjuvant trials, but a low
pCR rate in ER-positive breast cancer has together with

variable defined pCR criteria made the use of pCR challeng-
ing in patients with ER-positive breast cancer [2]. A pCR fol-
lowing neoadjuvant chemotherapy (NCT) is associated with
decreased mortality, but has not been validated as a surro-
gate endpoint for event-free or overall survival [6]. Primary
surgery continues to be the standard in patients with ER-
positive and HER2-negative breast cancer and change in
standard practice towards increasing use of NET will demand
definitive survival data from phase-III trials comparing NET to
adjuvant treatment or to NCT.

The Danish Breast Cancer Cooperative Group (DBCG) [7]
set up a phase-III trial comparing adjuvant letrozole for five
years with neoadjuvant letrozole for four months combined
with adjuvant letrozole to a total of five years following
stable disease or response and combined with adjuvant

CONTACT Signe Korsgaard Skriver signe.korsgaard.skriver@regionh.dk Department of Oncology, section 5073, Rigshospitalet, Blegdamsvej 9, DK-2100
Copenhagen, Denmark
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chemotherapy following progressive disease. The original
phase-III design was abandoned due to slow accrual and the
trial was converted to a single arm phase-II trial. Here, we
report the pathological and clinical results obtained by four
months of neoadjuvant letrozole.

Material and methods

Study design

Initiated in 2009 the study was designed as a randomized
phase-III study, at nine institutions in Denmark. In brief, at
time of study initiation the primary study objective was to
assess if letrozole was superior to surgery as primary therapy
for early-stage ER-positive breast cancer in postmenopausal
women. Eligible patients were randomized to definitive sur-
gery followed by adjuvant letrozole for five years against
letrozole for four months before definitive surgery followed
by adjuvant letrozole to a total of five years in patients with
responsive or stationary tumors. Patients with tumor progres-
sion should be considered for adjuvant chemotherapy.

On 10th October 2010, key changes were made due to
poor accrual and the modified design allowed recruitment to
neoadjuvant letrozole for four months in a phase-II study
without randomization.

The study was conducted in accordance with the
Declaration of Helsinki and Good Clinical Practice guidelines.
All patients gave written informed consent. The study and
later amendment was approved by the National Committee
on Health Research Ethics. The trial is registered on the
ClinicalTrials.gov website NCT00908531.

Patients

Postmenopausal women with histological confirmed, invasive
ER-positive, HER2-negative, operable breast cancer were eli-
gible for the study. Eligible patients meet the following crite-
ria: tumor size �1 cm, age � 60 years, Eastern Cooperative
Oncology Group score 0–2 and Charlson comorbidity index
0–2. Patients with prior cytotoxic treatment including aroma-
tase inhibitors and patients with prior malignant disease
were excluded. Patients was registered in the DBCG database
and updated prospectively.

Treatment

Patients were treated with neoadjuvant letrozole 2.5mg daily
for four months. Treatment was discontinued if disease pro-
gression was suspected on ultrasonography, in case of severe
toxicity, or if the patient withdrew consent.

Assessment

Patients underwent tumor evaluation upon study entry, after
two months, and prior to surgery consisting of breast palpa-
tion, mammography and ultrasonography. Blood samples
and core biopsies from the tumor along with the sentinel
node (SN) procedure or diagnostic fine needle aspiration

cytology (FNAC) from axillary lymph nodes were obtained
before initiation of trial medication.

Surgery

After the neoadjuvant period, patients underwent mastec-
tomy or breast conserving surgery. In case of lymph node
involvement diagnosed prior to NET by SN or FNAC or in
cases with progressive disease, patients were reassessed with
SN prior to surgery. Patients who were initial lymph node
positive underwent axillary lymph node dissection (ALND)
irrespective of SN status prior to surgery and likewise in all
cases with positive SN prior to surgery regardless of initial
axillary status.

Endpoints

Following the amendment clinical response and pathological
response, the original secondary endpoints, became the pri-
mary endpoints. Clinical response was assessed by ultra-
sonography and according to RECIST 1.1 defined as complete
response (CR), partial response (PR), stable disease (SD), and
progressive disease (PD) [8] and furthermore evaluated on a
continues scale of relative tumor reduction from baseline
until surgery. Pathological response was defined as loss of
tumor cells �30% according to a modified Miller–Payne scale
used by DBCG [9]. On the modified scale response grade 1
equals no invasive tumor cells present; pathological complete
response (pCR). Grade 2 more than 90% loss of tumor cells
and grade 3 between 30% and 90% reduction in tumor cells
are considered partial response. Grade 4 is defined as less
than 30% loss of tumor cells and is considered no response.

Biomarkers was assessed centrally using international
standards [10–12]. The percentage of ER-positive cells by
nuclear staining was registered and ER-positive status was
defined as nuclear staining �10%. HER2-positive status was
defined as HER2 3þ staining or HER2 gene amplification
(ratio gen/cen �2) by FISH. In cases with multiple testing,
the assessment with the highest count of ER, progesterone
receptor (PgR) and Ki67 was used. In cases lacking central
review or central review failed due to lack of tumor tissue,
local assessment was used in the analysis.

Statistical analyses

Each factor was analyzed by univariate logistic regression to
evaluate the association between the variable and response
to NET. Factors were included in univariate models both cat-
egorical and continuously to investigate the functional form.
Unknowns were included in separate categories. Odds ratio
(OR) was estimated with a 95% confidence interval, using the
category with highest number of patients as reference group,
except for PgR to align it with ER. Multivariate analyzes
including all characteristics were applied to assess the
adjusted odd ratios. Association with outcome were tested
with Pearson’s Chi-squared test, unknowns were excluded.
Difference in relative tumor change was tested with the
Wilcoxon Rank Sum test. Tumor change during NET was
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tested with a paired t-test. The distribution of ER, PgR and
Ki67 did not meet the assumption of normality, and due to
their heavy-tailed distribution the sign test was chosen to
test for changes during NET. Level of significance was set to
5%. No new power calculations were made for the altered
primary endpoints when the study was converted to a single
arm study. All analyses performed with SAS Enterprise Guide
version 7.11 (Cary, NC, USA).

Results

Between July 2009 and November 2012, a total of 119
patients were registered to receive letrozole, hereof 64
patients in the phase-III and 55 in the phase-II part. Two
patients withdrew consent and two were tested HER2-
positive after randomization, but before study initiation, thus
115 patients constituted the intention-to-treat population. An
additional two patients were after initiation of letrozole diag-
nosed with a HER2-positive tumor and one was diagnosed
with primary lung cancer and discontinued letrozole early and
were excluded from the per-protocol population (n¼ 112),
supplementary figure A. Patient’s basic characteristics are
summarized in Table 1.

In total, 111 (99%) patients completed four months of
neoadjuvant letrozole as planned, one patient discontinued
letrozole following progressive disease at the two months
checkup.

Clinical response

Clinical response to letrozole was available for 109 patients.
Two had CR (2%), 36 had PR (33%), 57 had SD (52%) and 14
had PD (13%). Concerning changes in tumor size 63 (58%)
had a 1 to 75mm reduction in tumor size (mean 8.1mm), 20
(18%) had an increase of 1–20mm (mean 6.7mm), and 26
(24%) had no change. Correspondingly, the relative changes
for the 63 patients were a mean decrease in tumor size of
35% (2–100%). Twenty had a mean increase of 31% (3–75%).
Overall, neoadjuvant letrozole lead to a mean decrease in
tumor size of 15% (CI: 8–21%; p� .0001) (Figure 1).

Pathological response

Pathological tumor response was available for 108 patients.
One patient (0.9%) had pathological complete response
(grade 1), seven (6%) had minimal residual disease (grade 2),
52 (48%) had moderate residual disease (grade 3), and 48
patients (44%) had no response (grade 4).

Fourteen patients were clinical node positive (n¼ 14) veri-
fied by FNAC, and 37 of the 97 who had a SN biopsy prior to
NET were classified as SN positive, while 60 were classified as
SN negative. One patient was not staged prior to treatment
(Table 1). Of the 51 node-positive patients, 22 underwent a
second SN prior to surgery and hereof 20 continued to
ALND, 27 underwent ALND only and two were neither
restaged nor underwent ALND. Of the 51 patients with initial
lymph node involvement, 35 were verified as lymph node
positive at time of surgery.

Of the 20 patients with progressive disease, 12 were initial
lymph node positive and are included above. The remaining
eight were initially node negative, five were restaged prior to
surgery with SN, and were all still node negative and three
were not restaged nor underwent ALDN. SN was removed
prior to NET and none of 14 clinical node positive patients
obtained a pCR in the axillary lymph nodes.

Biomarker response
ER status (n¼ 110) changed from mean 96 (10–100) to mean
93 (1–100), mean difference 3%, p¼ .01. PgR status (n¼ 51)
changed from mean 56 (0–100) to 17 (0–100), mean differ-
ence 39%, p� .0001. Ki67 index (n¼ 87) changed from mean
14% (0–90%) to 8% (1–95%), mean difference 6%, p� .01.
Two patients (1.8%) were reclassified as HER2-positive after
the neoadjuvant period.

Factors associated with clinical and pathological response
The ORs for clinical response and pathological response and
their association to tumor size, histological tumor type, grade,
axillary status, Ki67, ER and PgR are summarized in Table 2. ER
positivity at 100% was significantly associated with tumor
reduction, however, not to pathological response. Tumors
smaller than 20mm had a better response both clinically and
pathological than tumors above 20mm. Ductal tumors had a

Table 1. Patients- and tumor characteristics of 112 Danish early Breast Cancer
patients treated with neoadjuvant letrozole between 2009 and 2012.

Patients (n¼ 112)

Variable n %

Age (years)
60–69 66 59
70–89 46 41

Tumor size (mm)a

<20 50 45
>20 62 55

Histological subtype
Ductal invasive 82 73
Other invasiveb 30 27

Malignancy gradec

1 42 45
2 47 50
3 5 5

Axillary node status prior to treatmentd

Negative 60 54
Positive 51 46
Unknown 1 1

Estrogen receptor status (%)
10–99 19 17
100 93 83

Progesterone receptor status (%)
10–99 70 63
100 29 26
Unknown 13 12

Ki67 index (%)
<14 62 55
�14 27 24
Unknown 23 21

Data reported as n (col %).
aRange of tumor size: 11–100mm.
blobular tumors n¼ 12, Mucinous carcinomas n¼ 8, Tubular carcinomas n¼ 2,
Medullary carcinomas n¼ 1, not specified n¼ 7.

cn¼ 94 (only lobular and ductal tumors graded).
dAxillary status assessed by either diagnostic fine needle aspiration cytology
(FNAC) or sentinel node (SN), one patient had earlier breast surgery rendering
both SN and FNAC impossible.
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significantly better pathological response to treatment than
the other invasive subtypes, and node negative patients had a
better clinical response. Malignancy grade 3 was associated
with poorer response to NET than malignancy grade 1 and 2.
None of the other tested variables were statistically signifi-
cantly associated with neither clinical nor pathological out-
come. When explanatory factors were tested as continuously
they did not provide the model with a significant better fit
and when tested in multivariate analyzes odds ratios were not
significantly altered (data not shown). Neither changes in bio-
markers nor clinical response did significantly associate with
pathological response (Table 3).

Association between clinical and pathological response
Assessment of both clinical and pathological outcome was
done in 106 patients. Thirty-nine patients (37%) had both
clinical and pathological response. Nineteen (18%) had
pathological response, but no reduction in the tumor size
evaluated by ultrasonography. Twenty-four (23%) had ultra-
sonic regression, but no pathological response, and 24
patients (23%) had neither clinical nor pathological response.

Twenty of the 106 (19%) patient had an increase in tumor
size on ultrasonography, 10 of them had pathological

response. OR for pathological response if growth seen on
ultrasonography is 0.62 (CI: 0.22–1.70), and for no change the
OR is 0.4 (CI: 0.15–1.05) p¼ .16. Corresponding OR for clinical
response according to RECIST 1.1; OR for pathological
response if PD is 0.29 (0.08–1.04) and for SD 0.56 (0.24–1.32),
p¼ .14 (Table 3).

Adjuvant treatment
In the adjuvant setting, eight (7%) patients received adjuvant
chemotherapy and four of these resumed endocrine treat-
ment after completion of chemotherapy. Adjuvant chemo-
therapy was justified by absence of a pathological response
combined with clinically stabile or progressive disease (seven
patients) or a mixed response with clinical but no patho-
logical response (one patient). Endocrine treatment was con-
tinued without chemotherapy in 103 (92%) patients and one
patient did not receive any adjuvant systemic treatment. In
one patient, adjuvant tamoxifen was initiated following pro-
gression during NET and neoadjuvant chemotherapy. This
patient developed bone metastasis within one year of the
initial diagnosis. Adjuvant treatment regimens are shown in
supplementary figure A and B according to clinical and
pathological response.

Figure 1. Relative reduction (%) in tumor size for each of the 109 patients with records of clinical outcome (one bar per patient). No change (n¼ 26) visualized by
a straight line, negative values symbolizes growth (n¼ 20) and positive values tumor reduction (n¼ 63). Groups represent clinical response according to RECIST 1.1;
Complete response (n¼ 2), Partial response (n¼ 36), Stable disease (n¼ 57) and Progressive disease (n¼ 14).
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Table 2. Univariate analyses for factors associated with clinical and pathological outcome after neoadjuvant treatment with letrozole in early breast cancer
patients.

Clinical responsea
Odds ratio
(95% CI) pb

Relative
tumorreductionc

pd

Pathological
Response Odds ratio

(95% CI)
pbVariable ne % Median nf %

Age (years) .10 .31 .51
60–69 27 41 1.00 19 35 53 1.00
70–89 11 26 0.50 (0.21–1.15) 7 25 60 1.30 (0.60–2.85)

Tumor size (mm) .04 .04 .06
<20 22 46 2.38 (1.06–5. 32) 27 32 65 2.08 (0.96–4.54)
�20 16 26 1.00 2 28 47 1.00

Subtype .72 .09 .03
Ductal 28 36 1.00 19 48 62 1.00
Other invasive 10 32 0.85 (0.35–2.06) 0 12 39 0.38 (0.16–0.89)

Malignancy grade .98 .006 .36
1 14 39 1.09 (0.43–2.79) 23 21 64 0.94 (0.36–2.47)
2 14 37 1.00 16 26 65 1.00
3 0 0 <0.001 �27 1 25 0.18 (0.02–1.90)

Axillary node status prior to treatment .002 .01 .99
Negative 28 47 1.00 25 32 55 1.00
Positive 9 18 0.25 (0.10–0.60) 0 27 55 1.00 (0.46–2.14)
Unknown 1 100 – 33 1 100 –

Estrogen receptor status (%) .17 .02 .19
10–99 4 21 0.44 (0.14–1.43) 0 8 42 0.52 (0.19–1.41)
100 34 38 1.00 18 52 58 1.00

Progesterone receptor status (%) .49 .21 .75
0–99 22 33 0.65 (0.26–1.61) 9 35 52 0.75 (0.30–1.86)
100 12 43 1.00 23 16 59 1.00
Unknown 4 33 0.67 (0.16–2.74) 0 9 75 2.06 (0.48–9.39)

Ki67 index (%) .36 .17 .09
0–13 24 40 1.00 19 34 57 1.00
�14 8 30 0.63 (0.24–1.67) 0 10 37 0.45 (0.18–1.14)
Unknown 6 27 0.56 (0.19–1.64) 8 16 76 2.45 (0.79–7.55)

Data reported as n (row %).
aClinical response¼ Partial response and Complete response according to RECIST 1.1.
bPearson’s Chi square.
cRelative reduction (%) from baseline till surgery.
dWilcoxon Rank Sum.
etotal n evaluated¼ 109.
ftotal n evaluated¼ 108.

Table 3. Association between biomarker change and clinical tumor change to pathological outcome after neoadjuvant
treatment with letrozole in early breast cancer patients.

Variable

Total
Pathological
response

Odds ratio (95% CI) p valuean % col n % row

Estrogen Receptor .55
Increase 10 9 4 40 0.62 (0.14–2.72)
Decrease 25 23 13 52 1.00
No change 71 65 41 58 1.26 (0.51–3.15)
Missing 2 2 2 100 –

Progesterone Receptor .30
Increase 5 5 2 40 0.32 (0.05–2.19)
Decrease 34 32 23 68 1.00
No change 7 7 3 43 0.36 (0.07–1.89)
Missing 59 56 31 53 0.53 (0.22–1.28)

KI67 index .23
Increase 24 22 9 38 0.53 (0.20–1.44)
Decrease 49 45 26 53 1.00
No change 12 11 8 67 1.77 (0.47–6.66)
Missing 23 21 17 74 2.51 (0.85–7.43)

Relative tumor change .16
Increase 20 19 10 50 0.62 (0.22–1.70)
Decrease 63 59 39 62 1.00
No change 23 22 9 39 0.40 (0.15–1.05)

Response according to RECIST 1.1 .14
Progressive disease 14 13 5 36 0.29 (0.08–1.04)
Complete or partial response 38 36 25 66 1.00
Stable disease 54 51 28 52 0.56 (0.24–1.32)

aExcluding unknowns.
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Discussion

Our study shows that neoadjuvant aromatase inhibitor ther-
apy in selected postmenopausal patients with ER-rich and
HER2-negative early breast cancer leads to a modest clinical
and pathological result in around half of the patients.
Overall, only a 15% decrease in mean tumor size was
achieved. One single patient (<1%) achieved a complete
pathological response and overall 55% had partial patho-
logical response. On the other hand, only one patient experi-
enced progressive disease at the two months check up and
went on to receive neoadjuvant chemotherapy; however it is
important to note that the progression did not lead to the
cancer being inoperable, due to locally advanced disease or
dissemination. We confirm the heterogeneity in response to
NET described by others, and in particular that preoperative
finding of a 100% ER-positive tumor was associated with clin-
ical response to NET [6,13]. Patients with ductal tumors
achieved a better pathological response as compared to
patients with other histological types. A lobular histology have
previously been shown to predict not only a poorer response
to NET but also to neoadjuvant chemotherapy [14,15]. Node-
negative patients achieved a better response than node-
positive patients and patients with a tumor with malignancy
grade 3 achieved a reduced pathological response compared
to malignancy grade 1 and 2. Overall, reduced tumor size
detected by ultrasonography correlated well with pathological
response, whereas tumor growth poorly predicted pathological
response. A possible explanation is that an inflammatory
response to NET can be mistaken as tumor growth.

The strengths of our study include prospectively planned
diagnostic procedures, treatment, and follow-up according to
national guidelines of a nationwide cooperative group. All
endpoints were pre-planned.

This study has several potential limitations. As the study
changed from a randomized phase-III study to a single arm
phase-II study with no control group confounding issues may
have been introduced. Tumor response and pCR were second-
ary endpoints in the original phase-III trial and became the pri-
mary endpoints when the trial was converted to a single arm
phase-II study. Eight patients received chemotherapy follow-
ing a less favorable outcome from NET, but we are unable to
evaluate the possible benefits. Although, most patients with
ER-positive and HER2-negative breast cancer do not benefit
from chemotherapy, patients with endocrine non-responsive
disease may potentially behave differently. Another limitation
is the small sample size of this study resulting in limited
power, especially when dividing patients into subgroups.

Aromatase inhibitors are the treatment option of choice;
however, the optimal duration of treatment is yet to be
determined. Letrozole for four months was used in this study
and while the most substantial response is obtained during
the first four months continuation beyond four months may
result in further tumor shrinkage [5,16–18]. Arguably, NET for
a pragmatic individualized timeframe will to a large extend
maximize treatment benefit in responders but also increase
the risk of clinical important treatment failure.

In conclusion, in postmenopausal patients with early
breast cancer letrozole given in four months prior to surgery

seems to lead to a limited clinical and pathological response
but could be considered as a neoadjuvant treatment modal-
ity in selected cases where chemotherapy either is not indi-
cated or feasible.
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ORIGINAL ARTICLE

Intrinsic subtypes and benefit from postmastectomy radiotherapy in
node-positive premenopausal breast cancer patients who received adjuvant
chemotherapy – results from two independent randomized trials
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ABSTRACT
Background: The study of the intrinsic molecular subtypes of breast cancer has revealed differences
among them in terms of prognosis and response to chemotherapy and endocrine therapy. However,
the ability of intrinsic subtypes to predict benefit from adjuvant radiotherapy has only been examined
in few studies.
Methods: Gene expression-based intrinsic subtyping was performed in 228 breast tumors collected
from two independent post-mastectomy clinical trials (British Columbia and the Danish Breast Cancer
Cooperative Group 82b trials), where pre-menopausal patients with node-positive disease were
randomized to adjuvant radiotherapy or not. All patients received adjuvant chemotherapy and a sub-
group of patients underwent ovarian ablation. Tumors were classified into intrinsic subtypes: Luminal
A, Luminal B, HER2-enriched, Basal-like and Normal-like using the research-based PAM50 classifier.
Results: In the British Columbia study, patients treated with radiation had an overall significant lower
incidence of locoregional recurrence compared to the controls. For Luminal A tumors the risk of loco-
regional recurrence was low and was further lowered by adjuvant radiation. These findings were vali-
dated in the DBCG 82b study. The individual data from the two cohorts were merged, the hazard ratio
(HR) for loco-regional recurrence associated with giving radiation was 0.34 (0.19 to 0.61) overall and
0.12 (0.03 to 0.52) for Luminal A tumors.
Conclusions: In both postmastectomy trials, patients with Luminal A tumors turned out to have a
significant lower incidence of loco-regional recurrence when randomized to adjuvant radiotherapy,
leaving no indication to omit postmastectomy adjuvant radiation in pre-menopausal high-risk patients
with Luminal A tumors. It was not possible to evaluate the effect of radiotherapy among the other
subtypes because of limited sample sizes.
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Introduction

In the past two decades, there has been a growing focus on
breast tumor heterogeneity, and genomic studies have
defined five major intrinsic subtypes of importance: Luminal
A, Luminal B, Basal-like, HER2-enriched, and Normal-like [1,2].
Intrinsic subtype was initially discovered by global-gene
expression profiling, later a 50-gene profile (PAM50) was
developed to be applied on formalin-fixed paraffin-
embedded tumor tissue [3] and developed as a qualitative
assay that utilizes gene expression data, weighted together
with clinical variables to generate a risk category and numer-
ical score, to assess a patient's risk of distant recurrence of
disease [4].

The benefit of administering adjuvant radiation therapy
(RT) in combination with adjuvant systemic chemotherapy
was first demonstrated by two independent randomized tri-
als: The British Columbia (BC) Randomized Radiation trial [5]
and the Danish Breast Cancer Group (DBCG) protocol 82b [6].
After 10 years of follow up, women in the DBCG 82b trial
assigned to chemotherapy plus RT had a 23% reduction in
the rate of loco-regional recurrence (LRR) and a 9% reduction
in mortality. A similar effect was demonstrated in the BC trial
after 15 years of follow-up: patients treated with RT had a
33% reduction of LRR and a 29% reduction in mortality from
breast cancer. These findings have had a profound impact on
the indication of RT, and all high-risk patients, particularly
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those with node involvement more than four positive nodes,
often receive adjuvant RT regardless of tumor characteristics
and adjuvant systemic treatment. However, there is still a
substantial portion of patients who will develop loco-regional
relapse.

The study of the intrinsic molecular subtypes of breast
cancer has revealed differences among them in terms of
prognosis and response to chemotherapy and endocrine
therapy [7–13]. To a lesser extent, studies have tried to clarify
if intrinsic subtypes may affect the effect of RT [14–16].

Here, we aim to test if intrinsic subtypes have predictive
impact on the effect of postmastectomy RT among young
lymph-node–positive patients treated with systemic therapy.
We first tested the intrinsic subtypes in the BC-trial and then
validated our findings in a subset of patients from the DBCG
82b trial.

Patients and methods

Patient populations

A detailed description of the trials is found in Supplementary
Table 1. The British Columbia (BC) trial enrolled 318 high-risk
pre-menopausal patients from 1979 to 1986 [5]. The inclusion
criterion was pathological examined lymph-node-positive dis-
ease. All patients were treated with mastectomy and axillary
dissection; adjuvant systemic treatment was cyclophospha-
mide-methotrexate and 5-flurouracil (CMF). The patients were
randomized to postmastectomy RT or no RT. The dose of RT
was 37.5 Gy (given in 16 fractions) through two tangential
fields of the chest wall and 35Gy through an anterior supracla-
vicular–axillary field with a posterior axillary boost. Finally, the
internal mammary field received a dose of 35 Gy. All the fields
were treated with cobalt-60. In addition patients with estrogen
receptor positive tumor were sub-randomized to receive ovar-
ian ablation induced by radiation and prednisolone. Twenty
years clinical follow-up was obtained for all patients.

The DBCG 82b trial enrolled 1708 high-risk premenopausal
patients from 1982 to 1989 [6]. The inclusion criterion was
lymph-node-positive disease and/or tumor size larger than
5 cm and/or invasion of tumor to surrounding skin or pec-
toral fascia. Like the BC trial, all patients had mastectomy,
axillary dissection, received adjuvant CMF and were random-
ized to postmastectomy RT or no RT. The intended dose of
RT was 55Gy (given in 25 fractions) or 53Gy (given in 22
fractions) delivered through an anterior electron field to the
chest wall and internal mammary nodes and an anterior pho-
ton field against the supraclavicular, infraclavicular and axil-
lary regions. The use of posterior axillary fields was advised
in patients in whom the ratio of the anterior to posterior
diameter was too large to limit the maximal absorbed dose.
The closing date for the assessment of recurrence and vital
status was 1 January, 2012. The potential median observation
time was 25.1 years.

Gene expression profiling

A flowchart for the patients included is shown in
Supplementary Figure 1. From the 318 enrolled patients in

BC-trial, 159 (50%) had formalin-fixed paraffin-embedded
(FFPE) tissues available for RNA extraction. The gene expres-
sion profiles of the PAM50 genes essential for intrinsic sub-
type classification were collected using Nanostring
nCounterVR system [13,17]. Expression of each gene was nor-
malized relative to the expression of the five housekeeper
genes including ACTB, MRPL19, PSMC4, RPLP0 and SF3A. In
145/159 cases, intrinsic subtyping by PAM50 was technically
successful.

To enhance the comparability between the studies only
material from DBCG 82b-patients with lymph-node positive
disease were included. Fresh frozen tumor (FFT) samples
were available from 83 patients. Extraction of mRNA from
FFT and microarray analysis was performed as described pre-
viously [18]. Whole gene expression profiles were obtained
using the Applied Biosystem Human Genome Survey
Microarray v2.0 (Applied Biosystem, Foster City CA).
Microarray data was log2-transformed and quantile normal-
ized. The 83 patients are part of a previously published data
set (GEO: GSE24117).

In our 148 samples, we have 49 ER-positive patients, 74
ER-negative patients, and 25 patients without ER status. To
match the clinicopathological heterogeneity of the training
cohort, we use all the 49 ER positive patients, and randomly
select 49 ER-negative from the 74 (subsetting), calculate the
average expression of these 49 pairs of samples, and use this
average expression as the normalization vector. Instead of
row (gene) median centering, we subtract this normalization
vector from the whole data matrix (148 samples) and use the
residue as our normalized data matrix to perform PAM50
analysis [3,19].

Statistical analysis

Primary endpoint was local–regional relapse (LRR) for both
trials, defined as relapse in the ipsilateral chest wall or an
axillary, internal mammary or supraclavicular lymph-node.
Cumulative incidence curves for LRR were plotted using a
competing risk model, considering distant metastasis and
death as competing events. Crude hazard ratios (HR) were
computed for all end-points using Cox proportional hazards
regression. Patient and clinicopathological parameters were
compared by chi-squared test. All tests were two-tailed and p
value <.05 were considered significant. All statistical tests
were performed using STATA version 12.1 (Stata Corp,
College Station, TX) and R 3.0.1.

Results

The patient and clinicopathological parameters had a similar
distribution within the randomization arms in both studies
(Table 1). Similar distributions were also found between
patients from the study cohorts and the original BC and
DBCG 82b trials, except for lymph node status and tumor
size (DBCG 82b) and malignancy grades (BC) (Supplementary
Table 2).

In the BC cohort, 39% patients were assigned as Luminal
A (56/145), 16% Luminal B (23/145), 17% HER2-E (25/145),
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19% Basal-like (27/145) and 10% as Normal-like (14/145). In
the DBCG 82b validation-cohort of 83 patients, the distribu-
tion of intrinsic subtypes was similar to the BC-study
(p¼ .94); 36% patients were assigned to Luminal A (30/83),
18% to Luminal B (15/83), 14% to HER2-E (12/83), 19% to
Basal-like (16/83) and 12% to Normal-like (10/83) (Table 1).

Association of locoregional recurrence with radiation
therapy, stratified by intrinsic subtypes

Overall, adjuvant RT decreased the locoregional recurrence
significantly in both BC study and DBCG 82b study (Figure 1).
After 20 years of follow-up, the cumulative incidence propor-
tion of LRR was 15% in the BC trial among women assigned
to RT compared to 36% in the control group, giving a 22%
(95CI: 8-36%) absolute risk reduction of LRR associated with
RT (HR¼ 0.35 (0.17–0.72). A similar effect was demonstrated
in the DBCG 82b trial, wherein the 20-years risk of LRR was
11% in the RT arm versus 37% in the control, giving a 26%
(8-44%) absolute LRR risk reduction, HR¼ 0.30 (0.11–0.83). In
the BC study, patients with Luminal A tumors had a signifi-
cant reduced risk of LRR (4% in the RT arm vs. 31% in the
control arm) when treated with RT, giving a 20-years abso-
lute LRR risk difference of 27% (9–46%), HR¼ 0.17 (0.01–0.92)
(Figure 2). A reduction of LRR was also found among the
Basal-like cases (Figure 3). No statistically significant differ-
ence of LRR was observed between the radiation- and con-
trol arm at 20 years for patients with Luminal B and the few
HER2-E tumors, respectively (Figure 3).

In the DBCG 82b validation-cohort, among patients with
Luminal A tumors, those who received RT had a significantly

reduced risk of LRR (6% in the RT arm vs. 42% in the control
arm). The 20-years absolute LRR risk difference was 36% (6-
66%), HR¼ 0.12 (0.01–1.02) (Figure 2). LRR risk differences did
not reach statistical significance, with hazard ratio confidence
intervals crossing 1.0 observed between the radiation and
control arm at 20 years for patients with Luminal B, Basal-like
and HER2-E tumors respectively (Figure 3)

An overall estimate was calculated by merging the individ-
ual data from the two trials. Adjuvant RT reduced the inci-
dence of LRR significant in the merged cohort (HR¼ 0.33
(0.18–0.60)) (Figure 3). The overall estimate within each
intrinsic subtype generally favorable outcome was observed
in the RT arm. This benefit was greatest for Luminal A
(HR¼ 0.12 (0.02–0.60)) and to a lesser extent for the Basal-
like tumors. In the smaller Luminal B and HER2-E tumor sub-
sets, no significant differences were observed in the risk of
LRR between the RT – and control arm.

Discussion

We studied intrinsic subtyping of patients from the original
post-mastectomy randomized radiation studies, BC- and
DBCG 82b-trial, and confirmed that our translational study
had demonstrated a reduced risk of LRR associated with RT
among young high-risk patients treated with adjuvant sys-
temic therapy as the original trials.

Our data supports that premenopausal lymph-node-posi-
tive patients with Luminal A tumors do benefit from post-
mastectomy RT. The other intrinsic subtypes generally have
favorable outcomes in the RT arm, but because of the low

Table 1. Distribution of patient and clinicopathological parameters among patients from the BC and DBCG 82b study cohorts.

BC trial DBCG 82b trial

All (%) RT (%) NoRT (%) p value All (%) RT (%) NoRT (%) p value

Patients (N) 145 (100%) 69 (48%) 76 (52%) 83 (100%) 45 (54%) 38 (46%)
Ovarian ablation 35 (24%) 19 (28%) 16 (21%) .36 0 (0%) 0 (0%) 0 (0%)
Age .58 .94
<41 41 (28%) 18 (26%) 23 (30%) 15 (18%) 8 (18%) 7 (18%)
41- 104 (72%) 51 (74%) 53 (70%) 68 (82%) 37 (82%) 31 (82%)

Tumor size (mm) .65 .64
<21 40 (28%) 16 (23%) 24 (32%) 24 (29%) 12 (27%) 12 (32%)
21–50 82 (57%) 41 (59%) 41 (54%) 46 (55%) 27 (60%) 19 (50%)
>50 9 (6%) 4 (6%) 5 (7%) 13 (16%) 6 (13%) 7 (18%)
Unknown 14 (10%) 8 (12%) 6 (8%) 0 (0%) 0 (0%) 0 (0%)

Lymph node status .80 .44
1–3 positive 84 (58%) 38 (55%) 46 (61%) 42 (51%) 21 (47%) 21 (55%)
>3 positive 49 (34%) 25 (36%) 24 (32%) 41 (49%) 24 (53%) 17 (45%)
Unknown 12 (8%) 6 (9%) 6 (8%) 0 (0%) 0 (0%) 0 (0%)

Malignancy grade .53 .78
Grade 1 16 (11%) 7 (10%) 9 (12%) 10 (12%) 4 (9%) 6 (16%)
Grade 2 51 (35%) 25 (36%) 26 (34%) 47 (57%) 26 (58%) 21 (55%)
Grade 3 55 (38%) 29 (42%) 26 (34%) 23 (28%) 13 (29%) 10 (26%)
Unknown 23 (16%) 8 (12%) 15 (20%) 3 (4%) 2 (4%) 1 (3%)

Histopathology
Ductal carcinoma 131 (90%) 63 (91%) 68 (89%) .71 70 (84%) 39 (87%) 31 (82%) .52
ER-pos 79 (54%) 38 (55%) 41 (54%) .89 55 (66%) 31 (69%) 24 (63%) .58
HER2-pos 22 (15%) 14 (20%) 8 (11%) .10 26 (31%) 13 (29%) 13 (34%) .60

Intrinsic subtype .17 .77
LumA 56 (39%) 26 (38%) 30 (39%) 30 (36%) 18 (40%) 12 (32%)
LumB 23 (16%) 10 (14%) 13 (17%) 15 (18%) 6 (13%) 9 (24%)
Her2-E 25 (17%) 17 (25%) 8 (11%) 12 (14%) 7 (16%) 5 (13%)
Basal-like 27 (19%) 12 (17%) 15 (20%) 16 (19%) 9 (20%) 7 (18%)
Normal-like 14 (10%) 4 (6%) 10 (13%) 10 (12%) 5 (11%) 5 (13%)
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numbers within each of these subgroups, it was not possible
to prove the benefit of RT.

On a larger material from the DBCG 82b and 82-c trials,
molecular subtypes were approximated by an immuno-histo-
chemical panel of estrogen, progesterone and HER2 [20].
Luminal A-like tumors had beneficial effect of RT (3% in RT
arm vs. 32% in the control arm), and the 15-year overall sur-
vival was improved from 33% vs. 44%, HR¼ 0.78 (0.64–0.93).
They did also find an equivalent (3% vs. 48%) association
between RT and LRR among Luminal B-like tumors (defined
as estrogen and/or progesterone receptor positive and HER2
positive).

However, Liu et al. found among post-menopausal lymph-
node-negative patients receiving tamoxifen and randomized
to± RT, which intrinsic subtype classification had prognostic
impact on the risk of developing local failure, but was not
predictive of benefit from RT [14]. Interestingly, the author

observed no effect of RT among low-risk patients older than
60 patients with Luminal A tumors. These opposite findings
of RT effects on Luminal tumors in our study may reflect the
a priori prognosis of the different study populations. In the
current study and the Kyndi paper, the cohort consisted of
high-risk lymph-node-positive patients, whereas in the Liu
study, all the patients had lymph-node negative disease. One
could speculate that in the first case the less aggressive
tumor type, Luminal A, had beneficial effect of RT, whereas it
is more doubtful with the more aggressive tumor subtypes,
because those patients suffer from distant metastases.
Luminal A tumors are local slow growing and have such a
good prognosis after adjuvant systemic treatment, which the
patients do not develop LRR and as a consequence do not
obtain any beneficial effect from RT. It is also likely that the
Luminal A tumors harbor further heterogeneity in regard to
cellular radiosensitivity. In a previous study, a differential
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Figure 1. Loco-regional recurrence as a function of randomization assignment to adjuvant postmastectomy radiotherapy (RT) within the study cohorts of the
BC-trial (left) and the DBCG 82b-trial (right).
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Figure 2. Loco-regional recurrence among patients with a Luminal A tumor as a function of randomization to adjuvant postmastectomy radiotherapy (RT) within
the BC-trial (left) and the DBCG 82b-trial (right).
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effect of postmastectomy RT in Luminal A tumors has been
observed, when examining a 7-gene profile predictive of
response to postmastectomy RT (DBCG-RT profile) [16].

Recently, Sjøgren et al also reported no predictive value
of intrinsic subtype related to RT among lymph-node nega-
tive patients randomized to ± RT after breast conservative sur-
gery, but low-risk patients with Luminal A tumors had
beneficial effect of RT [15]. The inconsistent results of the
subanalysis restricted to older low-risk Luminal A patients
could be due to all patients receiving tamoxifen in the paper
from Lui et al, whereas only 8% received adjuvant systemic
treatment in the Sjøgren study.

A limitation of our present study was the low number of
patients with available material in comparison with the total
number of patients accrued in the original trial. Another limi-
tation is that at the time of enrollment in the trials the stand-
ard treatment for all premenopausal high-risk patients was
adjuvant CMF; if the patients were treated today they would
have received anthracycline and/or taxane-based systemic
treatment. We also acknowledge that the expression profiles
were obtained from two different technology platforms: the
expression profiles from the BC-study were based on FFPE-
derived RNA analyzed on the Nanostring nCounter whereas
that from the DBCG 82b trial was based on frozen-tissue
derived RNA applied to whole genome microarrays. However,
despite different gene technologies applied, the PAM50
intrinsic calls and their association of outcome to radiation
therapy were similar in the two trials. Hence our results sug-
gest that PAM50 assignments are robust across technology
platforms and patient populations, as Luminal A tumors did
benefit from RT in both studies.

In summary, we demonstrate using material from two
independent randomized trials that postmastectomy RT

significantly decreases local-regional recurrences among pre-
menopausal high-risk patients treated with chemotherapy.
Because of limited material, when breaking into the major
intrinsic molecular subtypes, it was only possible to evaluate
the effect of RT among patients with Luminal A tumors. In
both trials, RT lowered the risk of LRR, and thus there is no
molecular subtype indication to omit adjuvant chest wall
radiation in pre-menopausal high-risk patients with Luminal
A tumors treated by mastectomy.
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Figure 3. Forest plot showing the association between radiotherapy (RT) and the incidence of local-regional recurrence within different intrinsic subtype subgroups.
BC-trial (Blue bar), DBCG 82b-trial (Red bar) and Merged data (Black bar). In subgroups with no events, HR cannot be estimated, nor can the overall HR.
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The ability of PAM50 risk of recurrence score to predict 10-year distant
recurrence in hormone receptor-positive postmenopausal women with special
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Anne-Vibeke Laenkholma, Maj-Britt Jensenb, Jens Ole Eriksena, Wesley Buckinghamc, Sean Ferreec,
Torsten O. Nielsend and Bent Ejlertsenb,e

aDepartment of Surgical Pathology, Zealand University Hospital, Slagelse, Denmark; bDanish Breast Cancer Cooperative Group,
Rigshospitalet, Copenhagen, Denmark; cNanoString Technologies Inc, Seattle, WA, USA; dDepartment of Pathology and Laboratory Medicine,
University of British Columbia, Vancouver, Canada; eDanish Breast Cancer Cooperative Group, Department of Oncology, Rigshospitalet,
Copenhagen, Denmark

ABSTRACT
Introduction: The Prosigna-PAM50 risk of recurrence (ROR) score has been validated in randomized
clinical trials to predict 10-year distant recurrence (DR) in hormone receptor-positive breast cancer.
Here, we examine the ability of Prosigna for predicting DR at 10 years in a subgroup of postmeno-
pausal breast cancer patients with special histological subtypes.
Methods: Using the population based Danish Breast Cancer Group database, follow-up data were col-
lected on all patients diagnosed from 2000 to 2003 with estrogen receptor (ER)-positive and human
epidermal growth factor receptor 2 (HER2) normal breast cancer who by nationwide guidelines were
treated with 5 year of endocrine therapy (N¼ 2558). Among patients with 1 to 3 positive lymph nodes
or a tumor size >20mm, we identified 1570 with invasive ductal carcinoma (IDC) and 89 with special
histological subtypes (apocrine, medullary, mucinous, papillary, secretory, tubular, neuroendocrine) who
were tested with Prosigna. Fine and Gray models were applied to determine the prognostic value of
the Prosigna-PAM50 ROR score for DR special subtypes as compared to IDC.
Results: Median follow-up for DR was 9.2 year and for OS 15.2 year. The 10-year DR rate for the special
subtypes was 9.2% (95% CI: 4.0% to 17.2%) as compared to 13.7% (95% CI: 11.9% to 15.7%) for IDC.
The 10-year OS was 74.2% (95% CI: 63.7% to 82.0%) for the special subtypes and 75.4% (95% CI: 73.2%
to 77.4%) for IDC. Prosigna showed a statistical significant association of the continuous ROR score
with risk of DR for both IDC and the special subtypes (IDC: p< .0001; special subtypes: p¼ .01).
Conclusion: In the present study, we demonstrated that Prosigna-PAM50 continuous ROR score added
significant prognostic information for 10-year DR in postmenopausal patients with special subtypes
(tumor size >20mm or 1 to 3 positive lymph nodes) and ER-positive, HER2-normal early breast cancer.
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Introduction

Invasive breast cancer encompasses a heterogeneous group
of tumors with specific morphologic and phenotypic features
[1]. At least 90% of breast cancers present histologic charac-
teristics allowing their assignment to one of 21 histologic
subtypes endorsed by the WHO [1]. The vast majority of
breast cancers are classified as invasive ductal (IDC) or inva-
sive lobular carcinomas (ILC) and less than 8% are invasive
tumors with other specific or special histologic features, for
example, invasive apocrine, medullary, mucinous, neuroendo-
crine, papillary, secretory and tubular carcinomas.

Some of these special subtypes are characterized by good
long-term outcome [2,3] but published follow-up data are
based on small series of patients due to the rarity of these
tumors [1]. A better understanding at the molecular level by
the application of genomic assays to a sufficiently large

cohort might provide improved treatment guidance for these
patients.

Previous reports have linked the ER-negative basal-like
and claudin-low genomic profiles with metaplastic carcinoma,
carcinomas with medullary features, and the molecular apo-
crine subtype with increased androgen receptor signaling
[4–7]. However, the majority of the histological special sub-
types, that is, tubular, mucinous, neuroendocrine or papillary
carcinomas are ER-positive and are thought to belong to
luminal intrinsic molecular subtypes [4,8]. Several multigene
assays have been evaluated for the prognostication of early-
stage node-negative disease and have confirmed the clinical
utility of these tests [9–17]. The Prosigna-PAM50 ROR score
adds significant prognostic information above standard clin-
ico-pathological factors in postmenopausal ER-positive HER2
normal, node-negative as well as node-positive (1 to 3 posi-
tive lymph nodes) patients [11,15,18]. However, little is
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known about the performance of the test when applied on
tumors of special subtypes.

In this study, we evaluated the ability of the Prosigna-
PAM50 ROR score to predict distant recurrence at 10 years in
a subgroup of clinically ER-positive postmenopausal breast
cancer patients with special subtypes as compared to IDC fol-
lowing allocation without adjuvant chemotherapy to 5 years
of endocrine therapy.

Material and methods

The organization of the DBCG and current study cohort has
previously been described in detail [18–20]. The study
was approved by the National Danish Ethics Committee
(H-D-2007-0034).

Patient population

The patients included in this study were all postmenopausal
women who by national Danish guidelines from 2000
through 2003 were allocated to 5 years of endocrine treat-
ment as the only adjuvant systemic treatment following a
first diagnosis of ER-positive invasive breast cancer. Eligible
patients for this DBCG cohort were 50 years or older and
met at least one of the following risk criteria: a tumor size
> 20mm (any subtype), ductal histology with malignancy
grade 2 or 3; or one to three positive nodes (any subtype).
Surgery, radiotherapy and systemic treatment were predeter-
mined and have previously been described as well as the
external quality assurance program for ER immunohistochem-
ical staining procedure that was attended by all the Danish
pathology departments [19,21]. The prespecified ER cutoff
value at the time was �10% positive nuclear staining regard-
less of staining intensity. The histopathological tumor classifi-
cation was performed by dedicated breast pathologists at
the Danish departments of pathology representing real world
diagnostics.

For the present subgroup analysis, only patients with car-
cinomas >20mm and/or 1–3 positive lymph nodes, and with
either rare subtypes (other than ILC) or IDC were included
(Supplementary Figure 1).

Central assessment of HER2

Formalin-fixed, paraffin-embedded (FFPE) tumor samples
from primary excisional surgery specimens were collected at
the Department of Surgical Pathology, Zealand University
Hospital, and tissue microarrays (TMA) were constructed with
4� 1.5mm tumor tissue cores from, whenever possible, the
tumor periphery and then split onto two separate recipient
blocks. HER2 status was established centrally on TMAs by
standard recommendations [22].

Prosigna analysis

The Prosigna algorithm calculates the tumor-specific molecu-
lar subtype (luminal A, luminal B, HER2-enriched or basal like)
and calculates a ROR score (1-100 scale) based on a 46 gene

subset of the 50 target genes (PAM50) with inclusion of a
proliferation score (mean expression of an 18-gene subset of
the 50 genes) and tumor size [23]. The Prosigna ROR score
can be used as a continuous score or it can categorize ER-
positive, HER2-negative postmenopausal breast cancer
patients with 0–3 positive lymph nodes into one of three risk
groups, or even one of two (low/intermediate versus high) if
data are sparse, to determine 10-year risk of recurrence
[10,11,24].

RNA extraction and Prosigna testing were performed
blinded to any clinical data, following standard operating
procedures [11,15,25,26] at the Department of Surgical
Pathology, Zealand University Hospital. Once testing of the
samples was complete, Prosigna results were transferred to
the data manager for preparation of the analysis data set,
also blinded to patient data. The analysis data set was then
transferred to the DBCG for merging with clinical data and
survival analysis according to a prespecified statistical plan.

Endpoints

The primary endpoint was time to distant recurrence (DR)
defined as the interval from breast cancer surgery until dis-
tant recurrence or death from breast cancer as a first event.
Overall survival (OS) was a secondary endpoint. For OS, com-
plete follow-up was achieved until 31 May 2017 by linkage
to the Danish Central Population Registry.

Statistical analyses

The statistical analysis was executed by the DBCG statistical
office. Categorical characteristics were compared by v2 or
Fisher’s exact test. Follow-up time was quantified in terms
of a Kaplan-Meier estimate of potential follow-up.
Kaplan–Meier estimates were calculated for OS, and cumu-
lative incidences for DR, handling secondary carcinomas,
contralateral breast cancer and death as a first event from
causes other than breast cancer as competing risk events.
Univariate and multivariate regression analyses were per-
formed for DR and OS. For competing risk analyses, the
Fine-Gray subdistribution hazard model was used, while for
overall survival the Cox proportional hazard model was
employed. Factors included in the multivariable analyses
were age (continuous), tumor size (transformed to log(cm)),
number of positive lymph nodes (0, 1, 2, 3), histological
type and grade (1, 2, 3 and not graded) and for DR also
lymphovascular invasion and ER expression (continuous, %
positive tumor cells). The assumption of proportional haz-
ards was assessed by Schoenfeld residuals and by includ-
ing a time-dependent component in the model. The
hazard rates of ER and grade were not proportional and
were each modeled for early and late periods (<5 years,
�5 years). Further, the ROR score as a continuous measure
(20 point change) and molecular subtype were included in
separate models. All p values are two-sided. Statistical anal-
yses were done using SAS v9.4 (SAS Institute, Inc., Cary,
NC) and R v3.2.2.
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Results

We identified 2558 HER2 normal cases hereof 89 cases of
special subtypes and 1570 cases of IDC with tumor size
>20mm or 1 to 3 positive lymph nodes (Supplementary
Figure 1). With an estimated median potential follow-up for
DR of 9.2 years and for OS of 15.2 years, 191DR events and
666 deaths were recorded. The median age was 62 years
(range, 50 to 89) for IDC and 65 (range, 50 to 87) for the spe-
cial subtypes (p¼ .03). Patients in the study cohort were
postmenopausal and were without adjuvant chemotherapy
assigned to five years of tamoxifen, an aromatase inhibitor
(AI) or a sequence of these drugs for early ER-positive breast
cancer as described elsewhere [18].

Histological subtype

The histopathological classification of the special subtypes is
presented in Table 1 and included mucinous: N¼ 51 (2.0%);

tubular: N¼ 16 (0.6%); papillary: N¼ 12 (0.5%); medullary:
N¼ 5 (0.2%); apocrine: N¼ 3 (0.1%) and neuroendocrine:
N¼ 1 (0.01%). It should be noted that pure papillary carci-
nomas are rare and that some cases of the invasive variant
of solid papillary carcinoma might be included in this sub-
group [1]. In addition, both the medullary and apocrine
subtype predominantly but not exclusively are ER negative
[1,27]. Overall, the proportion of the individual histopatho-
logical subtypes in this study are in accordance with WHO
classification of tumors of the breast [1]. Patient character-
istics for both special subtypes and IDC are shown in
Table 2; In general patients with a special subtype had
larger tumor size, but fewer positive lymph nodes. The
overall 10-year DR rate for the special subtypes was 9.2%
(95% CI: 4.0% to 17.2%) as compared to 13.7% (95% CI:
11.9% to 15.7%) for IDC. The 10-year OS was 74.2% (95%
CI: 63.7% to 82.0%) for the special subtypes and 75.4%
(95% CI: 73.2% to 77.4%) for IDC.

Table 1. Histological special subtypes and distribution of molecular intrinsic subtype including DR events and Deaths (any cause) (N¼ 89).

Histological subtypes N¼ 89 Luminal A Luminal B HER2Enriched Basallike DR events Deaths any cause

Apocrine 3 0 1 2 0 1 1
Medullary 5 0 1 1 3 1 2
Mucinous 51 23 26 2 0 4 28
Papillary 12 2 8 2 0 1 5
Secretory 1 1 0 0 0 0 0
Tubular 16 16 0 0 0 0 5
Neuroendocrine 1 0 1 0 0 0 0

Table 2. Patient characteristics. Special subtypes (except for invasive lobular carcinoma) are not graded according to national guidelines [www.
dbcg.dk].

IDC (N¼ 1570) (%) Special subtypes (N¼ 89) (%) p

Number of positive lymph nodes .0005
0 425 (27%) 42 (47%)
1 636 (40%) 30 (34%)
2 324 (21%) 11 (12%)
3 185 (12%) 6 (7%)

Tumor size (mm) .0002
�10 100 (6%) 6 (7%)
11–20 560 (36%) 16 (18%)
21–30 680 (43%) 41 (46%)
>30 230 (15%) 26 (29%)

Grade
1 562 (36%) 6 (7%)
2 790 (50%) 4 (4%)
3 218 (14%) 0 (0%)
Not done 0 (0%) 79 (89%)

Lymphovascular invasion .10
Present 221 (14%) 7 (8%)
Absent 1349 (86%) 82 (92%)

ER expression level .54
10–59% 161 (10%) 6 (7%)
60–89% 335 (21%) 17 (19%)
90–99% 415 (27%) 27 (30%)
100% 638 (41%) 39 (44%)
Positivea 21 (1%) 0 (0%)

Molecular subtype b.052
Luminal A 863 (55%) 42 (47%)
Luminal B 620 (39%) 37 (42%)
HER2Enriched 73 (5%) 7 (8%)
Basallike 14 (1%) 3 (3%)
ROR group
Low/intermediate (�40) 532 (34%) 29 (33%)
High (>40) 1038 (66%) 60 (67%)

aER �10% the exact percentage unknown;
bFisher�s Exact Test.
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Prosigna ROR score

The distribution of ROR score (low/intermediate vs. high)
based on previously defined cutoff levels [11] is presented in
Table 2. Due to the small sample size for special type ana-
lyzes, cases within the range of the low/intermediate ROR
score were merged. Prosigna showed a statistical significant
association of the continuous ROR score with risk of DR not
only, as expected, for IDC, but also for the special subtypes
(IDC: p< .0001; special subtypes: p¼ .01) (Figure 1).
Associations were maintained in adjusted estimates (Table 3).
For the categorical ROR score no events were registered for
the special subtypes in the low/intermediate risk group as
compared to IDC with 10-year DR of 3.8% (95% CI: 2.3 to
6.0). In the high-risk group, the 10-year DR rate for the spe-
cial subtypes was 13.1% (95% CI: 5.7% to 23.8%) and 19.9%
(95% CI: 16.3% to 21.7% for IDC (Figure 2(A)). For OS, the
prognostic information for both the special histological sub-
types and IDC were somewhat lower, and while highly statis-
tical significant for IDC, neither in univariate nor multivariate
analysis was a significant association for ROR score found in
the small subgroup of patients with special subtypes (Figure
2(C)). For both univariate and multivariate analyzes, and con-
sidering both DR and OS, no statistically significant hetero-
geneity in estimates of the ROR score could be found.

PAM50 intrinsic subtypes

Almost half of the patients with rare subtypes (N¼ 42, 47%)
were assigned to Luminal A, while 37 (42%) were assigned to
Luminal B. Only a minor proportion of the patients (N¼ 7,

8%) had a HER2-enriched or a basal like (N¼ 3, 3%) subtype
as shown in Table 1. The subtype assignment for IDC was
comparable with the special subtypes (p¼ .052). Table 1 illus-
trates the distribution of the special subtypes with relation to
the molecular subtypes, number of events and number of
deaths (any cause). The tubular carcinomas are all luminal A,
whereas both the mucinous and papillary carcinomas are dis-
tributed as luminal A and B with a few tumors allocated to
the HER2-enriched subtype. As expected, the tumors with
medullary features are mainly basal-like and the apocrine
subtype mainly HER2 enriched.

The DR rate was significantly lower (p< .0001) in luminal
A, IDC as compared to luminal B, with an absolute 10-year
DR rate of 7.4% (95% CI: 5.5% to 9.5%) for the luminal A as
compared to 20.7% (95% CI: 17.2% to 24.5%) for the luminal
B subtype (Figure 2(B)). For the special subtypes, the number
of events was limited (N¼ 7), with no events registered for
the Luminal A molecular subtype; for Luminal B the absolute
10-year DR rate was 13.1% (4.0% to 27.9%). For OS, there
was a statistical significant (p< .0001) better outcome in
patients with Luminal A as compared to Luminal B (Figure
2(D)) for IDC, and a similar trend is seen for patients with
special types, although not significant (p¼ .21). Similarly,
results are shown from the adjusted estimates for Luminal B
as compared to Luminal A in Table 3. No statistical hetero-
geneity in effect of Luminal B compared to Luminal A
according to type (IDC vs. special) was identified, with
Pinteraction¼ .55 in multivariate analysis.

Discussion

The present study showed that the Prosigna-PAM50 continu-
ous ROR score added significant prognostic information in
postmenopausal breast cancers patients with special ER-posi-
tive and HER2-normal histological subtypes. Furthermore, we
found no evidence to support a differential impact on prog-
nosis by ROR-score or molecular subtype as determined by
Prosigna among patients with a special histological subtype
as compared to IDC.

Some caution should be exercised when interpreting our
results. First, the number of cases with special subtypes, even
in this large study set, was limited. Given that half of the spe-
cial subtypes were mucinous one could expect that this sub-
type would drive the results for the entire group, but a
formal analysis was prohibited by the small sample size.
However, no statistical heterogeneity for neither luminal sub-
type (B vs. A) nor ROR score according to type (mucinous vs
other special subtypes) was observed (data not shown).

Figure 1. Continuous relationship between 10-year risk of distant recurrence
and the continuous PAM50-Prosigna ROR score by IDC and special subtypes.
The figure shows for continuous ROR score (stated on x-axis) the 10-year risk of
distant recurrence in percent (stated on y-axis) for each of the two subgroups,
modeled by the Fine-Gray subdistribution hazards model.

Table 3. Hazard Ratio (HR) estimates from multivariate analyzes for distant
recurrence and overall survival.

IDC Special subtypes

HR (95% CI) p HR (95% CI) p

Distant recurrence
ROR Cont 1.78 (1.49–2.13) <.0001 2.83 (1.28–6.26) .01

Overall survival
ROR Cont 1.32 (1.21–1.45) <.0001 1.11(0.79–1.55) .56
Subtype
Luminal B vs 1.76 (1.41–2.21) <.0001 1.23 (0.58–2.63) .64

Luminal A
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The small sample size probably in addition explain why the
continuous ROR provided a significant result for DR but not
for ROR groups or intrinsic subtypes and neither for OS,
although a similar pattern was observed. Strengths of our
study include a formal prospective–retrospective design with
long and detailed clinical follow up. In addition, the histo-
pathological subclassification of breast tumors was per-
formed by experienced breast pathologists at the Danish

departments of pathology dedicated to diagnostic breast
pathology.

Several multigene assays can robustly identify early stage
node negative patients at sufficiently low risk of 10-year DR
that they can be safely spared chemotherapy [9–17,28]. The
patients recommended for molecular testing are primarily
patients with ductal histology and little is known about the
benefit of applying these tests in patients with breast

(A) (B)

(C) (D)

Figure 2. Cumulative incidence and overall survival according to ROR score low/intermediate versus high (Aþ C) and molecular subtype (BþD) for IDC and special
types (black¼ ductal, red¼ special types).

48 A. V. LAENKHOLM ET AL.

D
ow

nl
oa

de
d 

by
 [S

ta
ts

bi
bl

io
te

ke
t T

id
ss

kr
ift

af
de

lin
g]

 a
t 0

5:
04

 0
6 

Ja
nu

ar
y 

20
18

 



carcinomas of special subtypes. Due to their relative rarity,
these subtypes are difficult to study outside of very large
patient cohorts, as are available through the DBCG.

In daily practice, the histological special subtypes are
mainly classified by light microscopy on standard haematox-
ylin–eosin (H&E) stained sections according to specific mor-
phological growth patterns [1]. Correct histological diagnosis
is dependent on the experience of the pathologist as well
as standardized sampling of tumor sections for conclusive
diagnosis since some of these tumors have mixed growth
pattern. Previous studies have shown only moderate agree-
ment (Cohen's K) between observers with respect to the
histopathological classification of breast tumors [29]. Not
many immunohistochemical biomarkers are available to
support the morphological classification apart from loss of
E-cadherin as indication of ILC, the presence of androgen
receptor and Gross Cystic Disease Fluid Protein in apocrine
carcinomas, the myoepithelial cytokeratins in metaplastic
carcinomas and synaptophysin and chromogranin A in neu-
roendocrine tumors. Correct histological classification of
malignant breast tumors is mandatory to guide both opti-
mal surgery and postoperative systemic treatment [1]. Also,
the increased application of neoadjuvant treatment for
tumor down-staging emphasizes the need for accurate
tumor subclassification even further, since low proliferative,
highly ER-positive, HER2-negative tumors (luminal A-like
tumors) respond poorly to neoadjuvant treatment [30].
Heng et al. [31] demonstrated that integration of gene sig-
natures associated with morphological features might add
important information with respect to drug resistance and
potential targeted treatment options. In addition, the intrin-
sic molecular subtypes seem to show different patterns of
metastasis with luminal A tumors metastasizing primarily to
bone [32,33].

On the other hand, both Bomeisl et al. [34] and Turashvili
et al. [35] questioned whether the OncotypeDX recurrence
score (RS) was a necessary supplement for breast cancers
with favorable histology. In the latter, Turasvili et al. did not
identify any tumors with high RS among their cohort of
57 patients with special histological subtypes consisting of
mucinous, papillary (encapsulated or solid) and tubular
carcinomas [35]. This might be explained by the fact that
OncotypeDX RS is based on a supervised signature that was
not trained on special types.

In our study, both the mucinous and papillary group of
tumors were classified into three of the four intrinsic molecu-
lar subtypes, excluding only the basal-like type. Given that
the cohort was selected based on hormone receptor positiv-
ity, it is perhaps not surprising that few cases, apart from
three of the five medullary carcinomas, were basal-like by
Prosigna. The DBCG used a 10% cut point for estrogen recep-
tor positivity; other cohorts employing the less stringent 1%
or Allred three cut points have been found to include larger
numbers of basal cases [36].

In conclusion, when applied to histological special sub-
types, the continuous PAM50/Prosigna ROR score in particu-
lar remain prognostic for distant recurrence in a large
population-based series of hormone receptor positive women
treated with adjuvant endocrine therapy.
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ABSTRACT
Background: Transcriptome analysis enables classification of breast tumors into molecular subtypes.
BRCA1/2 predisposed patients are more likely to suffer from a basal-like subtype and this group of
patients displays a more distinct phenotype and genotype. Hence, in-depth characterization of this
separate entity is needed.
Material and methods: Molecular subtyping was performed on a consecutive and unselected series of
1560 tumors from patients with primary breast cancer. Tumors were classified by the 256 gene expres-
sion signature (CIT) and associated with basic clinical characteristics and aggregated expression levels
in the hallmark gene sets.
Results: Of the 1560 samples, 168 were classified basal-like and 120 patients were screened for BRCA1/2
mutations, resulting in 19 BRCA1/2 carriers, 95 non-carriers and six patients carried variants of unknown
significance. The BRCA1/2 carriers were significantly younger and there were no carriers above 60 years
of age. The tumors showed a loss in DNA-repair profile, as well as an upregulation in proliferative cancer
signaling pathways. A robust molecular signature for identification of the BRCA1/2 - carriers was infeas-
ible in the current cohort. Patients with a basal like breast cancer had the lowest median age and the
largest median tumor size. They were almost exclusively diagnosed in disease stage III.
Conclusions: Basal-like subtype is indeed a separate entity compared with other molecular breast can-
cer subtypes and the clinical course for this patient group should reflect the aggressiveness of this can-
cer. Taken together, patients being diagnosed with a basal-like breast cancer are in the youngest
segment of breast cancer patients and are mainly diagnosed in stage III disease.
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Introduction

Breast cancer is the most common malignancy in women
and despite considerable advances in early detection, diagno-
sis, and treatment, breast cancer remains one of the leading
causes of cancer death [1]. Breast tumors are heterogeneous
and are the first solid malignancy where specific molecular
treatment factors were introduced [2–4]. Breast tumors can
be classified into at least four intrinsic subtypes. One of the
key factors distinguishing the different subtypes is receptor
status; Luminal A and Luminal B are estrogen receptor (ER)
and progesterone (PR)-positive and receptor tyrosine-protein
kinase erbB-2 (ERBB2)-negative. The ERBB2 positive subtype
is characterized by the ERBB2 positive samples and finally
the Basal-like subtype is predominated by receptor negative
samples [5]. Based on signaling pathways, copynumber alter-
ations, histopathological and clinical features, including meta-
static sites and relapse free survival, Guedj et al. refined the
taxonomy by introducing six stable molecular subtypes
assigned with normal-like, luminal A, luminal B, luminal C,
molecular apocrine and basal-like [6]. The classifier provided

by Guedj at al. (CIT classifier) captures the characteristics of
the four major subgroups of breast cancer patients [7] and at
the same time enables finer clustering associated with dis-
tinct clinical and molecular characteristics, e.g., the molecular
apocrine subtype is an ER/PR/HER2-negative but Androgen
receptor positive subcluster with a poor prognosis. Moreover
the CIT classifier identifies the normal-like samples which
share many molecular features with the luminal A subtype,
including low proliferation, however the normal-like sub-
group exhibits improved prognostic behavior [6].
Furthermore, the CIT classifier is readily available as open-
source software that uses microarray expression data as
input. Another advantage of running the classifier based on
microarray data is their reusability, i.e., proliferation index
and receptor status can be computed based on the same
microarray data.

The basal-like subtype is the most distinct type of the
intrinsic subgroups and has more common molecular fea-
tures with squamous cell lung cancer than with the luminal
A or B subtypes [7,8]. Hence, this supports the hypothesis
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that basal-like subtype should be considered a separate
entity when breast cancer is assessed [9]. The neoplastic cells
of basal-like breast cancers generally express genes in com-
mon with normal basal or myoepithelial cell profile of the
breast [3,10]. Furthermore, basal-like cancers are predomi-
nated by the lack of expression of hormone receptors; ER, PR
and of ERBB2 – receptors [11]. If diagnosed by immunohisto-
chemistry (IHC), the assigned diagnose is triple-negative
breast cancer (TNBC), still the terminologies tend to be used
interchangeably, whether it is IHC or molecular signature
derived tumor classification. This is unfortunate because the
therapeutic responses differ between basal-like tumors and
other TNBC that are non-basal-like [12]. All though the basal-
like subgroup has shown to be a more homogenous group
on the molecular level than the TNBC diagnosed by immuno-
histochemistry, patients assigned with this subtype have
demonstrated some diversity in their outcome [13]. In fact, a
recent study proposed a molecular signature for identifica-
tion of two separate groups within the basal-like subtype,
with significant differences in patient survival outcomes [14].
Basal-like breast cancers are known for their high prolifer-
ation rate and their aggressive behavior and patients suffer-
ing from this molecular subtype have a poor prognosis and a
short-term disease free survival (DFS) as well as overall sur-
vival (OS) [12,15].

Studies have shown a higher prevalence of BRCA1/2 pre-
disposing mutations among patients with TNBC and basal-
like subtype [15,16] and patients with either type of these
two breast cancer types are frequently BRCA1 carriers [17,18].
Normal functioning BRCA1/2 proteins suppress genome
instability by promoting the homologous recombination
repair (HRR)-system [19,20]. Homologous recombination
repair is essential to avoid DNA double-strand breaks, often
caused by UV light and metabolic processes, and is a major
error-free DNA-repair pathway [21,22]. Therefore, basal-like
subtype, enriched in patients with germline pathogenic var-
iants in BRCA1/2, may reflect deficiency in HRR and loss of
DNA-repair mechanism in their molecular profiles in compari-
son to the remaining subtypes [23].

In a Danish cohort of more than 1500 prospective and
consecutive primary breast cancer patients, we aimed to
characterize the basal-like cancers according to basic clinical
parameters and molecular hallmarks of cancer [24].
Furthermore, we examined if a distinct molecular profile can
identify the BRCA1/2 carriers among the basal-like tumors.

Material and methods

Patients and tumor samples

The sample cohort consisted of 1560 female patients diag-
nosed with breast cancer of stage I–III. The patients were
clinically and diagnostically assessed at Rigshospitalet
between 2014 and 2017. Fresh tumor specimens, extracted
during surgery, were inspected by pathologists and tumor
biopsies of around 100mg were stored in RNALater (Thermo
Fisher Scientific, Waltham, MA, USA). The Danish data
Protection Agency (jr. no.: 2012-58-0004) and Danish Breast
Cancer Group (jr. no.: DBCG-2015-14) approved the study.

Gene expression and subclass analyses

RNA was isolated using the AllPrep DNA/RNA purification kit
(Qiagen, Hilden, Germany). The integrity of the RNA was
measured using the Agilent RNA 6000 Nano Kit on an
Agilent 2100 Bioanalyzer (Agilent Technologies, Inc., Santa
Clara, CA, USA). RNA was reverse transcribed and used for
cRNA synthesis, labeling and hybridization with GeneChipVR

Human Genome U133 Plus 2.0 Array (Affymetrix, Santa Clara,
CA, USA) according to the manufacturer’s protocol. In short,
arrays were washed and stained with phycoerytrin conju-
gated streptavidin using the Affymetrix Fluidics Station 450,
and scanned in the Affymetrix GeneArray 3000 7G scanner to
generate fluorescent images. Cell intensity files (.CEL files)
were generated in the GeneChip Command Console Software
(AGCC; Affymetrix, Santa Clara, CA, USA). The probe level
data (.CEL files) were transformed into expression measures
using R version 3.4.1 (https://www.R-project.org/). Raw inten-
sity .CEL files were preprocessed by quantile normalization,
and probe summaries were extracted via robust multi-array
average (RMA). The CIT classifier [6] was applied to the probe
expression data, by assigning each sample, a molecular sub-
type; normal-like, luminal A, luminal B, luminal C, molecular
apocrine and basal-like. Gene expression values were
deduced from the probe expression values, by taking the
median probe expression value, in case more than one probe
corresponded to the same gene. Each of the CIT subtypes
was given a score on each of the hallmark gene sets from
the Molecular Signatures Database (MsigDB). The score corre-
sponded to the mean value of the expressions of the genes
contained in each hallmark gene set and the expressions of
all samples from each subtype. The average expression of
normal samples (from Rigshospitalet) was deducted from the
expression values of the rest of the samples before the
aggregation; hence the normal samples were used for
centering.

It should be noted that the subtypes derived by the CIT
classifier correlate to the ones from the PAM50 classifier, with
few differences; CIT normal-like subgroup does not corres-
pond to normal breast tissue but exhibits similar expression
profiles to the luminal A subgroup. The CIT normal-like sam-
ples would classify as PAM50-luminal A. The CIT luminal C
and molecular apocrine subtypes include samples with over-
expressed HER2; however, the two subtypes represent
patients with distinct ER status (positive and negative,
respectively). CIT luminal A and B largely overlap with the
PAM50 luminal A and B subtypes.

Blood sample and germline mutation screening

Genomic DNA was isolated using the ReliaPrep Large Volume
HT gDNA Isolation Kit (Promega, Madison, WI, USA) and a
Tecan Freedom EVO HSM2.0 Workstation according to the
manufacturer’s instructions. Mutation screening was done by
the breast cancer-predisposing gene-panel as previously
described [25]. Sequencing was performed on a MiSeq
(Illumina, San Diego, CA, USA) to an average depth of at least
100�. Sequencing data were analyzed using Sequence Pilot
(JSI Medical Systems, Ettenheim, Germany), where variants
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are called if the non-reference base frequency was above
25%. Variants are numbered according to the following
GenBank accession numbers: NM_007294 (BRCA1) and
NM_000059 (BRCA2) using the guidelines from the Human
Genome Variation Society (www.hgvs.org/mutnomen). All
class 3–5 variants were verified by Sanger sequencing on an
ABI 3730 DNA Analyzer using DNA purified from a second
blood sample.

Statistical analysis

The data processing was performed using the R software
(https://www.R-project.org/) and packages from the
Bioconductor project [26]. Cell intensity files were processed
with the R package simpleaffy (http://bioinformatics.picr.man.
ac.uk/simpleaffy/). Molecular subtypes were predicted
using package citbcmst (https://CRAN.R-project.org/packag-
e¼citbcmst). Linear models were fit with R package limma
[27]. The principal component analysis (PCA) visualizations
and the heatmaps were performed in the Qlucore Omics
ExplorerTM software (Qlucore AB, Lund, Sweden). The rest of
the graphics were done using the R package ggplot2 [28].

Results

Subtype distribution

The patient cohort consisted of 1560 consecutive primary
breast cancers in stage I–III. The distribution of subclasses
were derived from the 256 gene signature (referred to as the
CIT classifier further on), and resulted in 161 normal-like
(normL), 777 luminal A (lumA), 284 luminal B (lumB), 93
luminal C (lumC), 77 molecular apocrine subtype (mApo) and

168 basal-like (basL) samples. The intrinsic subtypes were
depicted in the PCA plots of gene expression values, where
the differentiation of the basal-like group compared to the
rest of the groups was evident (Figure 1(a)). The deviation
appeared even before reducing the gene set, from all the
genes contained in the Affymetrix platform, to the 256 gene
signature, which is illustrated in Figure 1(b). The heteroge-
neous luminal types were harder to distinct, which is also
clearly shown in both Figure 1(a,b).

Clinical characteristics

The 168 samples classified as basal-like subtype included
some ER and HER2 positive samples based on IHC, substanti-
ating the fact that basal-like subtype are not identical to
TNBC. In particular, among the 168 patients; 10 had HER2
positive status and 158 had negative status, 56 were ER posi-
tive with a cutoff of 1% and 112 were negative, 31 were ER
positive with a cutoff of 9% and 137 were negative. Patients
with basal-like breast cancer were significantly younger at
the time of diagnosis compared to other patient groups (see
Figure 2(a)). Tumor size did not vary significantly across the
subtypes (see Figure 2(b)). Apart from normal-like, age at
diagnosis was inversely correlated to tumor size e.g., the
younger the age at diagnosis, the larger the tumor size. We
correlated clinical stage at the time of diagnosis to the six
individual molecular subclasses, and the relative comparison
showed common trends. Hence, normal-like and luminal A
breast cancers were predominantly diagnosed at stage II,
luminal B and C as well as molecular apocrine subtype were
more often diagnosed at stage III rather than stage II.
However, patients with basal-like cancers were almost exclu-
sively diagnosed with stage III disease (see Figure 2(c)).

Figure 1. The three most variable components of the principal component analysis (PCA) of the gene expression profiles. (a) All genes of the Affymetrix platform
are considered and (b) only genes from the 256 gene signature (CIT) are considered. The distinction between the basal-like and the more heterogeneous luminal
subtypes is clearly illustrated by the PCA plot, even before selecting for the CIT gene signature.
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Hallmark characterization

To unravel the basal-like portrait we examined the signaling
pathways from the well-established hallmarks of cancer by
assigning a subtype score to each pathway (Figure 3). The
heatmap clearly depicts that the basal-like cancers were
receptor-negative (see estrogen and androgen response
pathways) and shows a clear upregulation of molecular pro-
file related to the proliferative cancer signaling pathways (see
E2F targets, mitotic spindle, KRAS and WNT). In addition, the
TP53 tumor suppressor pathway was downregulated. Basal-
like and molecular apocrine subtypes were clearly distinct by
their metabolic and protein secreting pathways. Immune
response pathways were upregulated in basal-like similar to
molecular apocrine and luminal C. One of the DNA repair
pathways was downregulated; however two other DNA repair
pathways were upregulated. Thus, this indicates that neoplas-
tic cells from basal-like samples have lost their cellular mod-
eling and developmental features. In conclusion, the
molecular hallmarks paint a portrait that the basal-like sam-
ples in our cohort were neoplastic, with highly proliferative
features and clear immuno-response profiles.

BRCA1/2 predisposed patients

As part of our diagnostic pipeline our basal-like patients
were offered genomic screening to detect if they were

carriers of a BRCA1 or BRCA2 pathogenic variants. One of the
hypotheses in the present study was to identify distinct fea-
tures between the BRCA1/2 carriers opposed to non-carriers,
also diagnosed with a basal-like breast cancer. At the time of
data collection for the present study, 120 patients were
screened for genetic variants in BRCA1/2 out of a total of 168
breast cancer patients with a basal-like subtype. Forty-eight
patients did not enter the screening procedure since a blood
samples were not obtained at the day of surgical procedure,
which was the rule for inclusion in this clinical prospective
study. The results of the screening showed that 19 patients
were pre-disposed, 6 had a variant of unknown significance
(VUS) and 95 were BRCA1/2 negative. We explored the clinical
characteristics of the BRCA1/2 carriers in comparison to non-
carriers with a basal-like subtype.

The clinical characteristics of the screened patients show
that the BRCA1/2 carriers were significantly younger than the
BRCA1/2 non-carriers (see Figure 2(d)). Neither tumor size nor
stages were significantly different in BRCA1/2 carriers as com-
pared to non-carriers (see Figure 2(e,f)).

To extend upon the observation that BRCA1/2 carriers
were significantly younger than the BRCA1/2 non-carriers, we
sought to identify differentially expressed genes between the
two patient groups. An additive linear model with age and
pathogenic mutations as the response variables was fit to
the gene expression data. The age was divided into groups
of over 60 years of age and younger patients with a
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Figure 2. (a) Violin and box plots of the age distribution at the time of diagnosis (y-axis) of molecular subtypes (x-axis). (b) Violin and box plots of the tumor size
(y-axis) of molecular subtypes (x-axis). (c) Relative frequency distribution chart of disease stage (x-axis) and relative frequency of occurrence (y-axis). The chart is
shown separately for each subtype. (d) Violin and box plots of age distribution at the time of diagnosis (y-axis) of BRCA1/2 carriers and non-carriers (x-axis). VUS:
variant of unknown significance. (e) Violin and box plots of tumor size (y-axis) of BRCA1/2 carriers (x-axis). (f) Relative frequency distribution chart of disease stage
(x-axis) and the relative frequency of occurrence (y-axis). The chart is shown separately for group of patients (carriers and non-carriers).

54 S. KINALIS ET AL.

D
ow

nl
oa

de
d 

by
 [S

ta
ts

bi
bl

io
te

ke
t T

id
ss

kr
ift

af
de

lin
g]

 a
t 0

5:
06

 0
6 

Ja
nu

ar
y 

20
18

 



pathogenic mutation in BRCA1/2. The contrasts of gene
expression profiles between these two patient groups were
examined and differentially expressed genes for that con-
trast and the corresponding p and q-values were com-
puted. The histogram of the p-values resembled a uniform
distribution. The analysis showed that IMPDH2 gene was
the most differentiated (q-value ¼0.063) and upregulated
in the patients >60 years of age and without a pathogenic
mutation. To pursue possible differences in molecular sig-
naling pathways between the two clinically distinct

subclusters we generated a heatmap based on the hall-
mark signatures (see Figure 3). The main differences in the
BRCA1/2-carriers compared to the non-carriers were a clear
loss in DNA-repair mechanism and relative upregulation in
KRAS, Hedgehog and WNT_BETA_CATENIN – signaling path-
ways. Furthermore, the proliferation rate was altered
among the two sub-clusters and the heatmaps demon-
strate a higher proliferation in the non-carrier-cluster. The
ER-response signals were relatively higher in the BRCA1/2-
carrier cluster.

Figure 3. Heatmap of scaled mean expression values of molecular subtypes for each hallmark gene set. Expressions level of genes contained in each hallmark and
the expressions of all samples from each subtype are aggregated, by the mean value. The color ranges from bright green for the lowest expression values to bright
red for the highest. Heatmap of the scaled mean expression values of patients above 60 years of age (BRCA1/2 non-carriers, assigned a) and BRCA1/2 carriers,
assigned b, for each hallmark gene set. Expressions of genes contained in each hallmark and expressions of samples from each group are aggregated, by the mean
value. The color ranges from bright green for the lowest expression values to bright red for the highest.
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Discussion

The prognostic and predictive features associated with a
basal-like breast cancer, as well as distinct molecular profiles,
indicate that this subtype should be considered a separate
entity. In particular, as it has been shown, that patients with
basal-like breast cancer have a profound increase in the risk
of recurrence and mortality [12]. In this study, we examined
the clinical features of consecutive breast cancer patients and
established that basal-like subtype is diagnosed in signifi-
cantly younger patients who are almost exclusively in stage
III disease. We further exploited the molecular hallmarks of
basal-like samples and confirmed that this subtype is distin-
guished by its high proliferative signaling pathways.
However, we received a complex signal in the DNA repair
pathways, although we expected them to be lost since this
subtype is known to have a higher proportion of BRCA1/2
carriers.

We exploited the basal-like subtype by exploring the hall-
mark gene sets of two clinically separate phenotypes and
found that the downregulation of DNA – repair mechanisms
is more substantiated among the BRCA1/2 carriers. The differ-
ences in the hallmark gene sets were not adequate to estab-
lish a robust molecular signature for future identification of
BRCA1/2 based on their molecular signature alone. Moreover,
no significant correlation was established between age at
diagnosis, pathogeny of mutations and gene expression pro-
file. Since the comparison of the two basal-like subgroups
did not generate a clear signature at the molecular level it
may possibly imply that there are other genes, not yet anno-
tated, that predispose to same type of distinct breast cancer
type [29]. However, a previous Danish study including >180
samples and close to a third (n¼ 55) of BRCA1/2 carriers were
somewhat closer in building a molecular signature for identi-
fication of mutation carriers, although it was concluded that
further validation is needed [30]. Additionally, the sample
size of our study is not scaled appropriately as the number
of patients carrying a pathogenic mutation (n¼ 19) is largely
lower, compared to the number of genes under consider-
ation (n¼ 20545). Intriguingly though, none of the hereditary
basal-like cancers was identified in the patient group above
60 years of age. However, we cannot conclude that patients
above a certain age with a basal-like subtype are not at risk
of being predisposed. Repeating this comparison in a larger
study would be of great interest. Comparing our cohort and
number of patients with a pathogenic BRCA1/2 carrier, we
found that previous studies included a much higher fre-
quency (up to 60% of BRCA1/2 carriers; data not shown)
[30,31]. With a larger patient cohort and more BRCA1/2 car-
riers in particular, we would expect to predict when there is
high probability that the patient is a non-carrier of patho-
genic mutation. However, the results are somewhat unique
since they reflect a true clinical setting as all tissue samples
were obtained and analyzed within the 10 d of the surgical
procedure from primary breast cancer patients. Overall,
patients with basal-like breast cancer are at great risk of
recurrent disease and death. Thus, the clinical course for this
patient group should be tailored and reflect the aggressive-
ness of this cancer. In line with this, upfront identification of

BRCA1/2 carriers could lead to stratified treatment with
poly(ADP-ribose) polymerase inhibitors (PARP-inhibitors) [32]
and result in a greater implementation of precision medicine
for this challenging group of patients.

Taken together, we established that basal-like subtype is
diagnosed in significantly younger patients who are almost
exclusively in stage III disease. Patients with a basal like
breast cancer had the lowest median age and the largest
median tumor size. The BRCA1/2 carriers were significantly
younger and we did not identify any carriers above 60 years
of age.
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Molecular subtyping of breast cancer improves identification of both high and
low risk patients
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ABSTRACT
Background: Transcriptome analysis enables classification of breast tumors into molecular subtypes
that correlate with prognosis and effect of therapy. We evaluated the clinical benefits of molecular sub-
typing compared to our current diagnostic practice.
Materials and methods: Molecular subtyping was performed on a consecutive and unselected series
of 524 tumors from women with primary breast cancer (n¼ 508). Tumors were classified by the 256
gene expression signature (CIT) and compared to conventional immunohistochemistry (IHC)
procedures.
Results: More than 99% of tumors were eligible for molecular classification and final reports were
available prior to the multidisciplinary conference. Using a prognostic standard mortality rate index
(PSMRi) developed by the Danish Breast Cancer Group (DBCG) 39 patients were assigned with an inter-
mediate risk and among these 16 (41%) were furthermore diagnosed by the multi-gene signature
assigned with a luminal A tumor and consequently spared adjuvant chemotherapy. There was overall
agreement between mRNA derived and IHC hormone receptor status, whereas IHC Ki67 protein prolif-
erative index proved inaccurate, compared to the mRNA derived index. Forty-one patients with basal-
like (basL) subtypes were screened for predisposing mutations regardless of clinical predisposition. Of
those 17% carried pathogenic mutations.
Conclusion: Transcriptome based subtyping of breast tumors evidently reduces the need for adjuvant
chemotherapy and improves identification of women with predisposing mutations. The results imply
that transcriptome profiling should become an integrated part of current breast cancer management.

ARTICLE HISTORY
Received 15 September 2017
Accepted 24 October 2017

Introduction

Despite the early detection and improvement of treatment
over the last decades, breast cancer is still the second lead-
ing cause of cancer-related death in women [1].
Transcriptomic and genomic profiling has enabled classifica-
tion of breast cancer into intrinsic molecular subtypes and
breast cancer is no longer considered a single disease [2–6].
The subtypes are biologically distinct entities with specific
prognostic and therapeutic features. The pivotal study pro-
posed five subclasses: (i) the ER-receptor positive and human
epidermal growth factor receptor 2 (HER2)-receptor negative
tumors i.e., luminal A (lumA), luminal B (lumB) and normal
breast-like subclass, (ii) the HER2-receptor positive tumors:
HER2-like subclass and (iii) the ER- and HER2-receptor nega-
tive tumors called the basal-like (basL)subclass [2–5]. Four of
the subclasses can be distinguished by a 50-gene molecular
classifier (PAM50) which has been developed as a commercial
FDA approved platform (ProsignaVR ) [7]. Recent taxonomies

optimized the subclasses by applying integrative genomic
analysis [8,9] and Guedj et al. [9] refined the subclasses by
introducing six stable molecular subtypes based on genomic
rearrangement and the expression of 256 transcripts. This
taxonomy is remarkably robust and has been validated in
nearly 3000 breast cancer samples, showing a high correl-
ation between clinical characteristic and patient outcome [9].
The CIT-classifier is however not validated in randomized tri-
als like, e.g., the PAM50/Nanostring and the MammaPrint sig-
natures [10,11]. The PAM50 and the CIT signatures are based
on RNA isolated from tissue stored under very different con-
ditions and include an uneven number of subgroups, e.g.,
the PAM50 do not comprise the normal-like (normL) or the
molecular apocrine (mApo) subgroups; thus a direct compari-
son of the PAM50 signature derived from microarray data is
irrelevant. Based on survival data, other commercial molecu-
lar algorithms have emerged, that score the samples into
low, medium or high clinical risk of recurrent disease
[7,12–14]. However, a comprehensive genomic study
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integrating both genetic and epigenetic alterations con-
cluded that breast cancers are biologically defined by five
intrinsic subtypes and that clinical heterogeneity can be
explained by subsets within the subtypes [15]. We chose to
implement the CIT-classifier as a supplement to the existing
diagnostic set-up, as it was built on an open-source and
high-throughput platform (Affymetrix U133A gene expression
microarrays) and included all of the intrinsic subtypes [16,17].
Moreover the transcriptomic data could provide any add-
itional signatures, e.g., receptor status, without excess costs.

Still, in daily clinical practice the definition of molecular
subtypes are only important if this knowledge improves the
standard of care. It is well-established that the biological hall-
mark of luminal A subtype is low proliferation, high expres-
sion of the ESR1 gene and a favorable clinical outcome
[4,5,18]. Since 2011, the St Gallen international expert con-
sensus panel has recommended merely endocrine therapy in
patients with luminal A disease [19,20]. Attempts have been
made indirectly to approximate luminal A - like subtype by
the use of IHC biomarkers - ER and/or PGR positive, HER2
negative and low Ki67 protein staining [20–22,]. Classification
with only four biomarkers may however not entirely recapitu-
late the intrinsic subtype of breast cancer [18,23], so from
2014, we optimized our diagnostic work-up and imple-
mented the six-class taxonomy on all patients undergoing
breast cancer surgery at Rigshospitalet as a supplement to

the existing procedures (Figure 1). Subsequently (in the cur-
rent year), the Danish Breast Cancer Group (DBCG) intro-
duced their revised guidelines recommending a PAM50
classifier for patients at intermediate risk.

Here, we present the data from the first year of systematic
molecular diagnostics of unselected breast cancer patients.
The aim was to determine the feasibility of microarray-based
transcriptomic profiling and to evaluate the reliability of
molecular subtyping compared to our traditional stratification
of the patients. Moreover, we analyzed the presumptive ben-
efits of molecular subtyping for selection of patients eligible
for genetic screening of six breast/ovarian cancer predispos-
ing genes. Taken together we report that transcriptome
based subtyping of breast tumors reduces the need for adju-
vant chemotherapy and improves identification of women
with predisposing mutations compared to the conventional
work-up.

Material and methods

Patients and tumor samples

Over 11 months (2014–2015) consecutive female breast can-
cer patients (Stage I–III) were included in the study cohort
provided they received breast and histopathological assess-
ment at Rigshospitalet. The study was approved by

Figure 1. Complete diagnostic work-up. A workflow illustrating the routine assessment of consecutive breast cancer patients enrolled in the complete diagnostic
work-up including both standard histopathological evaluation and microarray analysis. In addition, blood samples were obtained for screening of germline predis-
position, in case of a basal-like subtype, receptor negative profile or if patients were under the age of 40. A final report on molecular subtyping was available for
clinical decision at the following multidisciplinary conference.
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The Danish data Protection Agency (jr. no.: 2012-58-0004)
and DBCG, (jr. no.: DBCG-2015-14). Following surgical resec-
tion, fresh tumor specimens were evaluated by designated
pathologists and tumor biopsies (� 100mg) were stored in
RNALater (Thermo Fisher Scientific Co., Waltham, MA,USA). A
neighboring tumor section was sampled for verification of
invasive tumor tissue in each case. Screening for genetic pre-
disposing mutations followed the guidelines of DBCG (In
short: breast cancer before the age of forty, both breast and
ovary cancer, two first-degree relatives diagnosed before the
age of fifty or three first-degree relatives with at least one
before the age of fifty). Following implementation of molecu-
lar subgroups, patients with either a TNBC or a basL subtype
were likewise tested for predisposing mutations.

Clinical risk assessment

According to the treatment algorithm of DBCG, patients 60
years or older with a node negative T1, ER positive and HER2
negative breast cancer are assigned to the low risk group
and is not recommended adjuvant systemic treatment.
Patients in the intermediate and high risk groups with ER
positive breast cancer are recommended adjuvant endocrine
therapy with tamoxifen or an aromatase inhibitor according
to their menopausal status [24]. One year of trastuzumab
combined with three weekly cycles of eprirubicin and cyclo-
phosphamide followed by three weekly cycles of docetaxel
were recommended to patients with HER2 overexpressed or
amplified tumors [25]. In postmenopausal patients with inter-
mediate or high risk ER positive breast cancer a prognostic
standard mortality rate index (PSMRi) is used to allocate
patients to adjuvant chemotherapy. The PSMRi was built by
the DBCG, from the data of 6529 postmenopausal patients,
post-surgery for ER positive breast cancer were allocated to
five years of an aromatase inhibitor or tamoxifen [26].
Patients without excess mortality by PSMRi are not recom-
mended for adjuvant chemotherapy.

Gene expression analysis

RNA was isolated using the AllPrep DNA/RNA purification kit
(Qiagen, Hilden, Germany) and the QIACube workstation
according to the manufacturer's instructions. The integrity of
the RNA was measured using the Agilent RNA 6000 Nano Kit
on an Agilent 2100 Bioanalyzer (Agilent Technologies, Inc.,
Santa Clara, CA, USA). The purified RNA was immediately ana-
lyzed on arrays. RNA was reverse transcribed and used for
cRNA synthesis, labeling and hybridization with GeneChipVR

Human Genome U133 Plus 2.0 Array (Affymetrix, Santa Clara,
CA, USA) according to the manufacturer’s protocol. The
arrays were washed and stained with phycoerytrin conju-
gated streptavidin using the Affymetrix Fluidics Station 450
and the arrays were scanned in the Affymetrix GeneArray
3000 7G scanner to generate fluorescent images. Cell inten-
sity files (.CEL files) were generated in the GeneChip
Command Console Software (AGCC; Affymetrix). Raw inten-
sity .CEL files were preprocessed by quantile normalization
and gene summaries were extracted via robust multi-array

average (RMA). The probe level data (.CEL files) were trans-
formed into expression measures using R version 3.2.2
(https://www.R-project.org/). Expression values of each sam-
ple were combined in a batch with expression measures of
12 selected samples from the study. Subsequently, the values
were batch corrected against CIT ‘core set’ using ‘ComBat’
implemented in ‘sva’ R package [27,28]. After such process-
ing, breast cancer subtyping was performed using CIT pre-
dictor [9] incorporated in ‘citbcmst’ R package (http://CRAN.
R-project.org/package¼citbcmst). The subtypes are assigned
to the closest centroids computed on 375 probe sets. To test
the in-house settings, we used the CIT ‘core set’, and found
compliance of the assigned subclasses. Microarray data are
available as .CEL files in the online repository Array Express
(accession number: E-MTAB-5724). It was noted, that the sub-
types derived by the CIT classifier correlate to the ones from
the PAM50 classifier, with few differences; CIT normal-like
subgroup does not correspond to normal breast tissue but
exhibits similar expression profiles to the luminal A subgroup.
The CIT normal-like samples would classify as PAM50-luminal
A. The CIT luminal C (lumC) and molecular apocrine subtypes
include samples with overexpressed HER2; however the two
subtypes represent patients with distinct ER status (positive
and negative, respectively). CIT luminal A and B largely over-
lap with the PAM50 luminal A and B subtypes.

Proliferative index and receptor profile

All samples were assigned with a relative proliferative index
(PI), comprising expression values of 79 genes encoding pro-
liferative and cell cycle markers (100 probe sets). Previous in-
house analysis revealed difference in PI between normal tis-
sue and malignant tumor samples (data not shown) and nor-
mal tissue samples expressed a PI below five, thus a cutoff
value was set at 5.5 and a PI �5.5 ensured that the tissue
was malignant. Samples with a PI <5.5 were subjected to a
cancer-type classifier consisting of 641 probe sets and more
than 2400 samples were derived [29]. Samples classified as
normal tissue by mRNA profile were excluded from further
analysis. Confirmed tumor samples with PI <6.5 were
assigned as low proliferative in the subsequent analysis. The
expression value thresholds for receptor status were set by
default as (intermediate-positive): HER2 (11.001–11.5001),
estrogen receptor (ER) (9–9.5), and progesterone receptor
(PGR) (6–7) For MKI67 expression status, the average expres-
sion value of two probe sets were used (212023_s_at and
212021_s_at).

Statistical analysis

Principal component analysis (PCA) analysis and visualization
of the data were performed in the Qlucore Omics ExplorerTM

software (Qlucore AB, Lund, Sweden). Correlation calcula-
tions, plots and boxplots were generated in R. We applied
the Anderson-Darling for normality-test of the data derived
from the proliferative index (PI). Testing for overrepresenta-
tion of germline mutations among basL-subtypes was done
by using Fisher’s exact test.
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Histopathological diagnosis and ER, HER2 and Ki67
protein immunohistopathological analysis

Standard histopathological diagnosis of breast cancer sam-
ples was performed by a designated pathologist by light
microscopy on glass slides from formalin fixed, paraffin
embedded tissue blocks, according to the WHO-classification
recommendations [30]. Analyses for ER, Ki67 protein and
HER2 were performed by immunohistochemistry (IHC) using
tissue micro array technique (TMA), with two cores of 2mm
from the invasive front of each tumor, as previously reported
[31]. Staining for ER (SP1, diluted 1:25), Ki67 protein (MIB1;
murine monoclonal antibody 1) and HER2 (4B5), all from
Ventana Medical Systems, were carried out according to the
manufacturer’s instructions. Scoring of ER and Ki67 protein
were semi quantitative with a positive cutoff point of >1%
for ER positive tumor. Scoring of HER2 was performed as
described by Hansen et al. [32] following the national guide-
lines (www.dbcg.dk). Online available datasets for comparison
of percentage of positive Ki67 protein-cells were downloaded
from www.ebi.ac.uk/arrayexpress/ (accession numbers;
E-GEOD- 43358, -76040 and -76250).

Germline mutation screening

Genomic DNA was isolated using the ReliaPrep Large Volume
HT gDNA Isolation Kit (Promega, Madison, WI, USA) and a
Tecan Freedom EVO HSM2.0 Workstation according to the
manufacturer’s instructions. Germline mutation screening was
performed using a gene panel consisting of six breast can-
cer-predisposing genes, including BRCA1, BRCA2, CDH1, PTEN,
RAD51C and TP53 as described by Jonson et al. [33].
Sequencing was performed on a MiSeq (Illumina, San Diego,
CA, USA) to an average depth of at least 100�. Sequencing
data were analyzed using Sequence Pilot (JSI medical sys-
tems, Ettenheim, Germany), where variants were called if the
non-reference base frequency was above 25%. Variants are
numbered according to the following GenBank accession
numbers: NM_007294 (BRCA1), NM_000059 (BRCA2),
NM_004360 (CDH1), NM_000314 (PTEN), NM_058216
(RAD51C) and NM_000546 (TP53) using the guidelines from
the Human Genome Variation Society (www.hgvs.org/mutno-
men). All variants, except well-known polymorphisms and
neutral variants were verified by Sanger sequencing on an
ABI 3730 DNA analyzer using DNA purified from a second
blood sample.

Results

Baseline characteristics

Clinical characteristics of the five hundred and eight patients
and basic histopathological features of their tumor samples
are summarized in Table 1. More than 80% of the patients
were aged 50 or older and the majority were diagnosed with
stage I and II breast cancer. In total 524 tumor samples were
included in the study. Sixteen of the patients had two tumors
at the time of diagnosis and one sample was incorrectly pre-
served for RNA-extraction and could not undergo molecular

classification, resulting in a total of 523 tumor samples which
were finally eligible for molecular analysis.

Molecular subtyping of breast cancer

Molecular subtyping was initiated on the day of the primary
breast surgery and the diagnostic report was completed
within six days and available prior to the clinical multidis-
ciplinary conference (Figure 1). Only samples with prolifera-
tive index (PI) >5.5 were considered for subtype
classification. Samples with PI <5.5 (n¼ 54) were classified
by our cancer-type classifier [29] and samples classified as
normal tissue were excluded from the analysis (n¼ 3),
resulting in 520 tumor samples for molecular subtyping.
The distribution of molecular subtypes in the study cohort
is outlined in Table 2, together with treatment regimen for
patients with ER-positive samples. Close to 15% of the sam-
ples could not be classified as a core-class and were conse-
quently assigned as ‘mixed’, meaning that they consisted of
two or three subtypes. Among the 76 mixed samples, 70
fell between the luminal subtypes where the lumA/normL
were the most frequent (n¼ 29) combination. The remain-
ing six mixed samples fell between either Basl/mApo or
mApo/lumC. The spatial distribution of molecular subtypes
and the WHO morphological classes is depicted in the prin-
cipal component analysis (Figure 2(A)). Molecular subtypes
were not associated with neither the WHO stage (Figure
2(B)) nor the histological subtype (invasive ductal (78%),
invasive lobular (11%), mucinous, tubular and others) and
molecular subtype (Figure 2(C)).

Table 1. Clinical characteristics of patients and basic histo-
pathological features of primary tumor samples.

Patientsa Number %

Age at diagnosis (n¼ 508)
<50 years 93 18.3
�50 years 415 81.7

Size of primary tumor (508)
<2 cm 303 59.6
2.1–5 cm 189 37.2
>5 cm 16 3.1

Positive Lymph Nodes (n¼ 508)
0 300 59.1
1–3 143 28.1
�4 63 12.4
N/A 2 0.4

Malignancy gradeb (n¼ 524)
1 39 7.4
2 329 62.8
3 137 26.1
N/A 19 3.6

Treatment (n¼ 508)
No adjuvant therapy 29 5.7
CTcþET(þT, if HER2þ) 224 44.1
ET 193 38.0
CT (þT, if HER2þ) 55 10.8
N/A 7 1.4

aPatients with two tumors: n¼ 16. Tumor samples: n¼ 524.
bMalignancy grade is assigned for lobular and ductal
carcinomas.

cEC (Epirubicinþ Cyklofosfamid) �3 ! Docetal �3
CT: chemotherapy; ET: tamoxifen; T: trastuzumab; N/A: not
applicable; HER2: human epidermal growth factor receptor 2
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Receptor status defined by IHC and expression data

We compared the status of hormone receptors assigned by
IHC and/or fluorescent in situ hybridization (FISH) with
their microarray derived status (Supplementary Table 1). ER-
positive breast cancer samples by IHC and those assigned by
expression array overlapped to a large extent independently
of the threshold levels (Supplementary Figure 1(A)). The algo-
rithm identified 91% (420/461) of the IHC-positive samples
with the 1% cutoff, whereas 33 (IHC 9%) and 41 (IHC 1%)
samples, respectively, were not assigned as positive by the
array. HER2 receptor status by IHC was scored according to
international guidelines, where score 0 and 1 are considered
negative, 2 is equivocal (considered positive by a HER2/
centromere 17 ratio �2 by FISH) and 3 is considered as posi-
tive [34]. In total, 71 samples were HER2-positive by IHC and
FISH and 42 samples were HER2-positive by array
(Supplementary Table 1). There was a strong correlation

between samples assigned as negative by array and scored
0–2 by IHC, whereas the correlation between HER2 positive
samples was less profound (Supplementary Figure 1(B,C)).
Twenty-seven out of 71 IHC/FISH positive samples (38%) did
not exhibit elevated mRNA expression and were subse-
quently reevaluated by a designated pathologist. This pro-
vided an explanation in 70% of cases (n¼ 19) and were
related to multiple tumors and intratumor heterogeneity or
border-line assessments.

Proliferation index and Ki67 protein expression

Ki67 protein expression (IHC) is of some prognostic signifi-
cance in breast cancer [35,36] and we compared the analyt-
ical validity of the analysis to a PI based on gene
expression profiles [29]. In addition to our own data set, we
examined three online available datasets (n¼ 368 samples

Table 2. Distribution of the molecular subtypes of 520 samples.a

Subtype Basal-like Molecular apocrine Luminal C LuminalB LuminalA Normal-like Mixed

All (n¼ 520) 50 28 40 76 182 68 76
(9.6%) (5.4%) (7.7%) (14.6%) (35.0%) (13.1%) (14.6%)

ER positiveb (n¼ 461) 14 10 39 75 182 67 74
(3.0%) (2.2%) (8.5%) (16.3%) (39.5%) (14.5%) (16.1%)

HER2 positivec (n¼ 69) 0 17 18 17 5 2 10
– (24.6%) (26.1%) (24.6%) (7.2%) (2.9%) (14.5%)

No adjuvant therapy 1 – 1 2 17 3 4
(7.1%) (2.6%) (2.7%) (9.3%) (4.5%) (5.4%)

ET – 1 9 11 105 37 32
(10.0%) (23.1%) (14.7%) (57.7%) (55.2%) (43.2%)

CTd (þT, if HER2þ) 1 1 – – 1 – –
(7.1%) (10.0%) (0.5%)

CTdþET (þT, if HER2þ) 11 8 29 60 59 26 36
(78.6%) (80.0%) (74.4%) (80.0%) (32.4%) (38.8%) (48.6%)

N/A 1 – – 2 – 1 2
(7.1%) (2.7%) (1.5%) (2.7%)

aIn total 524 tumor samples were included in the cohort. One sample was incorrectly preserved for RNA-extraction and three samples were
not classified as they consisted of normal tissue (0.8%).
bERþ determined by IHC (n¼ 461).
cHER2 status determined by immune histochemistry and fluorescent in situ hybridization.
dEC (Epirubicinþ Cyklofosfamid) � 3 ! Docetal � 3.
CT: chemotherapy; N/A: not applicable; ET: tamoxifen; T: trastuzumab; ER: estrogen receptor; HER2: human epidermal growth factor receptor 2.

Figure 2. Principal component analysis of subtypes, stages and histopathological diagnosis. (A) A principal component analysis (PCA) showing the distribution of
520 breast cancer samples according to six molecular subtypes based on the expression profiles of the 375 probe sets. The subclasses cluster was assigned as separ-
ate entities with the samples classified as mixed located in the areas between the core clusters. The basal-like subtype, representing the double negative breast can-
cer samples, forms its own distinct cluster. (B) The distribution of patient stage from I–III in the spectra of subclasses clearly illustrates that assigned subclass is not
dependent on patient stage. (C) The scattering of the assigned WHO histopathological diagnosis in the allocated molecular subclasses demonstrates that there is
no association between molecular subgroup and histopathological diagnosis.

62 M. ROSSING ET AL.

D
ow

nl
oa

de
d 

by
 [S

ta
ts

bi
bl

io
te

ke
t T

id
ss

kr
ift

af
de

lin
g]

 a
t 0

5:
06

 0
6 

Ja
nu

ar
y 

20
18

 



in total) hereby confirming the distribution of the percen-
tages of Ki67 protein positive cells, although identification
of 60 and 70% nearly did not occur as the in-house
opposed the on-line data (Figure 3(A)). In contrast to scor-
ing of Ki67 by IHC, signature based assessment of prolifer-
ation is based on the expression levels of 79 transcripts and
thus provides an objective, quantitative and reproducible
proliferation value. The distribution of PI in our cohort was
seen to approach that of a normal Gaussian distribution, as
p¼ .04 by the applied test for normality (Figure 3(B)).
Furthermore, there was a strong correlation, r¼ 0.91,
between the PI levels (calculations) and the transcript levels
of Ki67 protein (Figure 3(C)). On the contrary, the percent-
age of Ki67 protein positive cells showed a weak correlation
with PI (r¼ 0.68;Figure 3(D)). There was discrepancy in 20
tumors that had 15% or less of Ki67 protein positive cells,
but were scored with high PI (>7). A review of the individ-
ual histopathological reports clarified four of the cases; one
sample was due to fibroadenomatosis and three were due
to multiple tumors. Two tumors had 80% Ki67 protein posi-
tive cells but low PI and the review of the discrepancy
could only be clarified for the one, since it was due to mul-
tiple tumors, whereas a plausible explanation for the second
sample remains unknown.

Luminal A subtyping

To explore possible benefits of implementing the 256-gene
expression signature for subtyping in a routine diagnostic
work-up of breast cancer patients, we focused on the patient
group who might benefit from omitting chemotherapy.
Based on the prognostic standard mortality rate index
(PSMRi), 39 women were annotated as being in the inter-
mediate-low risk group. Of the 39 patients, 16 (41%) had a
luminal A subtype and were treated solely with endocrine
therapy. In our consecutive cohort, a total of 195 patients
were treated with endocrine therapy alone (Table 2). Hence,
as a direct consequence of implementing molecular subtyp-
ing, we showed an increase of 9% (16/179) in comparison to
the original diagnostic set-up, in the total number of patients
treated with endocrine therapy alone.

Identifying genetic predisposition by molecular subtype

As a part of the diagnostic work-up, screening for pathogenic
germline mutations in breast/ovarian cancer predisposing
genes (BRCA1, BRCA2, CDH1, PTEN, RAD51C and TP53) was
performed. In total, 70 patients were screened, resulting in
identification of eight pathogenic BRCA1/BRCA2 mutations
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Figure 3. Correlation of Ki67 protein by immunohistochemistry (IHC) and expression profile. (A) The distribution of Ki67 protein positive cells from each representa-
tive tumor slide showing peaks from 5–30, 50 and 80% (in-house data to the left and online data to the right). (B) The distribution of the proliferative index (PI)
extracted from the microarray analysis from each tumor specimen resembles that of a normal distribution. (C) The correlation of the PI and MKI67 protein encoding
Ki67 shows a high correlation of r¼ 91. (D) The correlation of Ki67 protein positive cells by IHC and PI from array analysis shows a reduced correlation of just
r¼ 0.68. Twenty-two samples (marked in square boxes) were found to have negative correlation and rendered further investigation.
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(Supplementary Table 2). Noteworthy, seven of the eight
pathogenic mutations were assigned to the basL-subtype
and 17% (7/41) of the patients with a basL-subtype were car-
riers of a pathogenic BRCA1/BRCA2 mutation. Nine out of the
50 patients with a basL-like subtype did not deliver a blood-
sample for genetic screening. In addition, 12 out of 23 recep-
tor-negative tumors, predominated by mApo subtype, were
screened resulting in the identification of a single pathogenic
BRCA1 mutation. Finding of a pathogen germline mutation is
significantly enriched in a basL-like subtype in comparison
to a receptor-negative, non-basL-like subtype (p< .05).
Moreover, 17 patients were screened due to young age (<40
years) among patients with a non- basL-like subtype (lumA
(n¼ 4), lumB (n¼ 6), lumC (n¼ 3), mApo (n¼ 2), normL
(n¼ 1) and mixed (n¼ 1)), did not carry any germline muta-
tions in the six genes analyzed. Thus, the results indicate that
basL-subtype is a predictor of patients at a greater risk of
carrying a BRCA1/BRCA2 germline predisposing mutation.

Discussion

For more than a decade, several studies have shown that pri-
mary breast cancers can be classified according to specific
molecular based signatures into intrinsic subtypes.
Accordingly, breast cancer classification is moving towards
the molecular classification based on whole-transcriptome
profiling. Molecular taxonomies comprise important informa-
tion regarding diagnostics, treatment and clinical outcome
[12,37]. Accommodating this evolution, the microarray based
molecular subtyping (CIT-classification) was implemented as
a supplement to our routine diagnostic and clinical setting
for all primary breast cancer patients undergoing surgery at
Rigshospitalet, Copenhagen University Hospital, Denmark.

Strengths of our study include that RNA-yield and down-
stream gene expression analysis from fresh or frozen biospe-
cimens are superior to formalin-fixed paraffin-embedded
(FFPE) tissues and the reduced gene expression from FFPE
stored samples may tend to underestimate expression of
important biomarkers [38,39]. However, classifications by
multi-gene signatures tend to perform reasonablywell on
both FFPE and fresh frozen tissue [40]. A corner-stone in sub-
typing of breast cancer is a precise measurement of prolifer-
ation rate as well as ER and HER2-status. We found some
concordance (91%) between ER positive samples comparing
IHC and mRNA results; however expression array failed to
detect a number of IHC assigned ER-positive samples. The
advantage of IHC staining is the ability to capture a single
ER-positive cell among 100 tumor cells, excluding any sur-
rounding or normal breast cancer tissue in the examination.
We tried to minimize the normal tumor contamination by let-
ting the resection of tumor-biopsies for transcriptome ana-
lysis solely handled by our specialized breast cancer
pathologist. However, the risk of normal tissue contamin-
ation, especially among small size tumors, are a possible limi-
tation of our study and a small number of samples were not
included in the study at all, when the pathologist had eval-
uated the tumor to be too minute to spare material or
ensured high tumor cell content in the sampling.

Our result, as well as others, clearly depicts the limitations
of Ki67 protein staining used for quantitative measurements,
with a specific threshold, probably due to the heterogeneous
expression on IHC [41–43]. In regard to the proliferation rate,
the St. Gallen consensus rapport is complex, since clinic-
pathological luminal A-like subtype definition is dependent
on Ki67 protein staining with a cutoff that varies between
laboratories [20]. We have shown that Ki67 protein expres-
sion is nearly distributed as normal Gaussian and well-corre-
lated with the PI index, whereas Ki67 protein assessment by
histopathological methods is biased. However, the poor cor-
relation between expression levels and IHC in our study may
be more prominent since Ki67 protein merely was evaluated
based on two TMA cores as opposed to a whole slide sec-
tion. Stressing the fact that these results are obtained from a
routine diagnostic and clinical setting, expression array
derived measurements for proliferation is superior to stand-
ard IHC.

The choice of method for luminal A subclass identification
may depend on the available molecular platforms at-hand.
As discussed in the above section, IHC for luminal Alike clas-
sification is suboptimal since it is dependent on the Ki67 pro-
tein index. Indeed, it is by now established that multi-gene
signatures are superior to single-biomarker subtype classifica-
tion and a subset of 50 genes was found to be the minimum
number of genes in order to robustly identify the four basic
intrinsic subtypes (luminal A, luminal B, HER2-enriched and
basL) without compromising precision [7,18,23]. To ensure
that the majority of the biological heterogeneity was con-
tained in each consecutive sample, we chose a comprehen-
sive taxonomy model for optimal distinction between the
intrinsic subclasses. Moreover, the multi-gene platform ena-
bles an illustrative presentation of each sample according to
the ‘reference cluster’. This may be in contrast to the smaller
gene-panels, where edgy samples remain unrecognized.
Indeed, this is relevant when considering the heterogeneity
of the large ERþ/PGRþgroups.

An interesting group is a group of mixed samples. Close
to 15% of our samples could not be assigned with a core
class and might therefore represent a challenge when con-
veying research data into clinical practice. Similarly in the
comparative French cohort, one third of samples were not
assigned with the same subclass in all three classification
algorithms and therefore represented a mixed group.
Moreover, the fraction of non-tumor cells may dilute the
intrinsic subclass-signal and questions have been raised,
whether the norm-like subgroup is in fact an artifact due to
high-contest of non-tumor cells [44]. Still, we cannot exclude
that the fraction of normal tissue content in our samples
results in the relatively large number of both mixed and nor-
mal-like samples, which remains a weaker point of the meth-
odology of our study. To address this important issue, Guedj
et al. [9] estimated the rate of non-diploid cells and their dis-
tribution within the subgroups by SNP array data and
showed that normL ranked third and LumA and LumB
consisted of the highest fraction of non-diploid cells. They
validated the SNP-array data by histological estimates of
non-tumor cell fraction and found that the SNP-array based
assessments of non-diploid cells were in fact lower than
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pathological tumor cell content hereby substantiating that
normL is a recognized subgroup [9]. It is reasonable to
assume that low-risk patients suffering from a normL tumor
also can be spared chemotherapy, all though long-term fol-
low-up and additional samples are needed to test this
hypothesis.

It is well-founded that the ‘triple-negative’ phenotype
and/or the basL subtype are associated with the risk of a
germline BRCA1 mutation [2,5,45]. As depicted in Figure 1, all
patients under 40 years of age with a basL subtype or recep-
tor negative tumor were eligible for screening of pathogenic
germline mutations. We found an overrepresentation of
BRCA1, and to some extent, BRCA2 mutations in the basL
subtype, since 17% of the patients were genetically predis-
posed to breast cancer. The original retrospective study iden-
tified 11% BRCA1 germline mutation carriers among 268
breast cancer patients with a basL phenotype [2]. This is in
agreement with our prospective cohort where 12% (5/41) of
the basL subtype subsequently was found to harbor a BRCA1
germline mutation. While only half as many patients with a
non-basL substype were screened (n¼ 23 vs. n¼ 41) it is
remarkable, that we merely identified a single predisposing
BRCA1 mutation in these patients. It is obvious to suggest,
that the young patients with a non-basL subtype most likely
harbor other predisposing genomic alterations other than
the genes included in our NGS-panel (BRCA1, BRCA2, CDH1,
PTEN, RAD51C and TP53). An ongoing large-scale screening
and validation of candidate breast cancer predisposition
genes aim to identify exactly which genes it will be [46].

In this prospective study, close to 100% of the samples
were eligible for analysis demonstrating that microarray
based classification is suitable for clinical practice. Moreover,
time is an important parameter in cancer diagnostics and
here we showed that an array-based signature is only a few-
day procedure from surgery to clinical report.

To the best of our knowledge, this study is one of the first
reporting the results of implementing a six subclass array-
based classification into a diagnostic setting as a supplement
to the existing diagnostic work-up. The cohort is increasing
prospectively and ongoing retrospective evaluation of the
results will be carried out with rational intermissions. This
study has focused on the two extremes of the benefits of
molecular subtyping; the identification of intermediate risk
patients with not only a luminal A , but also with a basL
tumor and a greater risk of being genetically predisposed.
Future studies should unravel the clinical relevant characteris-
tics of the remaining subgroups by subsequent mutational
testing, prognostic outcome and treatment-regime, since this
may possibly pinpoint the breast cancer patients that could
benefit from an optimized personalized treatment and fol-
low-up regimen.
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Aurora kinase A as a possible marker for endocrine resistance in early estrogen
receptor positive breast cancer
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ABSTRACT
Background: Cell culture studies have disclosed that the mitotic Aurora kinase A is causally involved
in both tamoxifen and aromatase inhibitor resistant cell growth and thus may be a potential new
marker for endocrine resistance in the clinical setting.
Material and methods: Archival tumor tissue was available from 1323 Danish patients with estrogen
receptor (ER) positive primary breast cancer, who participated in the Breast International Group (BIG)
1-98 trial, comparing treatment with tamoxifen and letrozole and both in a sequence. The expression
of Aurora A was determined by immunohistochemistry in 980 tumors and semi quantitively scored
into three groups; negative/weak, moderate and high. The Aurora A expression levels were compared
to other clinico-pathological parameters and outcome, defined as disease-free survival (DFS) and over-
all survival (OS).
Results: High expression of Aurora A was found in 26.9% of patients and moderate in 57.0%. High
expression was significantly associated with high malignancy grade and HER2 amplification. High
Aurora A expression was significantly more frequent in ductal compared to lobular carcinomas. We
found no significant association between Aurora A expression and DFS or OS and no evidence of inter-
action between Aurora A expression and benefits from tamoxifen versus letrozole.
Conclusions: Aurora A expression in breast tumors was associated with high malignancy grade III and
with HER2 amplification. A trend as a prognostic factor for OS was found in patients with high Aurora
A expression. No predictive property was observed in this study with early breast cancer.
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Background

Adjuvant endocrine therapy has improved survival of estro-
gen receptor a (ER) positive breast cancer patients, but recur-
rent disease is found in 19.1 and 22.7% of the patients at
10 years follow-up after five years of treatment with aroma-
tase inhibitor or tamoxifen, respectively [1]. Thus, new
markers are required to identify the ER positive breast cancer
patients who may need supplementary treatment, e.g., tail-
ored biological treatment.

Studies of cell culture models mimicking ER positive
breast cancer resistant to the antiestrogens tamoxifen and
fulvestrant and also to aromatase inhibitors have disclosed
that Aurora kinases are important for growth of both anti-
estrogen and aromatase inhibitor resistant breast cancer cells
[2–4]. Aurora kinases (A, B and C) are key regulators of
mitosis and multiple signaling pathways [5,6]. Gene amplifica-
tion and protein overexpression of Aurora kinases have been
found in both hematologic malignancies and solid tumors
and deregulation of Aurora kinases has been linked to
tumorigenesis [7]. Aurora A is consistently associated with

cancers and Aurora B may also contribute to tumorigenesis,
whereas the role of Aurora C is not yet clarified [8].

Aurora A has been found to be a prognostic marker indi-
cating poor prognosis in ER positive node-negative breast
cancer [9] and Aurora A outperforms other proliferation
markers including the surrogate tissue-based proliferation
marker Ki-67 [10,11].

Screening analyses with a library of 195 kinase inhibitors
identified the dual Aurora A and B inhibitor JNJ-7706621 as a
preferential and efficient inhibitor of a panel of tamoxifen
and aromatase inhibitor resistant breast cancer cell lines
derived from the ER positive breast cancer cell lines MCF-7
and T47D by long term treatment with the endocrine agent
[2,3]. siRNA (small interfering RNA) mediated specific knock-
down of Aurora A and B revealed that Aurora A, but not B,
was important for growth of the tamoxifen resistant breast
cancer cells. Furthermore, sensitivity to tamoxifen treatment
was restored in tamoxifen resistant cell lines with siRNA
mediated knock-down of Aurora A or by treatment with the
Aurora A/B inhibitor JNJ-7706621 [2], indicating a causal role
for Aurora A in tamoxifen resistance. The finding that
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tamoxifen resistant breast cancer cell lines express increased
level of Aurora A compared to their parental cell lines [2,12]
and that ectopic overexpression of Aurora A renders ERa
positive breast cancer cell lines less sensitive to tamoxifen
treatment via phosphorylation of ERa, suggest that high
expression level of Aurora A may be a marker for tamoxifen
resistance [12]. In agreement, our pilot study with 244
patients, who received adjuvant tamoxifen therapy, disclosed
that high tumor expression level of Aurora A was associated
with reduced disease-free survival (DFS) [2]. Today, treatment
with aromatase inhibitor is the recommended adjuvant endo-
crine therapy for postmenopausal breast cancer patients and
high expression level of Aurora A may also be a marker for
reduced benefit from adjuvant aromatase inhibitor treatment,
as our cell culture model studies have shown that Aurora A
and also Aurora B are important for growth of aromatase
inhibitor resistant breast cancer cells [3]. Therefore, in this
study, we have evaluated whether high expression level of
Aurora A is associated with shorter DFS and overall survival
(OS) in 980 Danish postmenopausal breast cancer patients
who have participated in BIG 1–98, a randomized phase III
clinical trial comparing adjuvant endocrine therapy with tam-
oxifen, the aromatase inhibitor letrozole or sequential tamoxi-
fen and letrozole. We have also investigated whether Aurora
A is a predictive marker for response to treatment with tam-
oxifen and with letrozole.

Material and methods

Patients

Archival formalin-fixed and paraffin-embedded primary tumor
tissues from Danish breast cancer patients participating in
the international randomized double-blinded clinical phase III
trial, Breast International Group trial 1-98 (BIG 1-98), were
included in the study. All patients gave written, informed
consent before inclusion in the study.

In the BIG 1-98, ER-positive, early breast cancer patients
were randomized to five years of tamoxifen or letrozole
monotherapy, or sequential treatment, two years tamoxifen
or letrozole followed by three years of letrozole or tamoxifen
[13]. In total, 1396 Danish patients were randomized in BIG
1-98 between 1998 and 2003 and primary tumors from 1323
patients were available for tissue microarray (TMA) prepar-
ation as previously described [14]. The study was conducted
according to the Helsinki declaration and approved by The
Danish National Committee on Biomedical Ethics in Denmark
in 1997 (KF02 1 178/97) and an addendum approved in 2004
(KF 12 – 142/04). The Danish Data Protection Agency also
provided an approval (RH-2015-166).

Immunohistochemical (IHC) analysis and evaluation

TMAs were constructed from formalin-fixed paraffin-
embedded tumor blocks, with two cores of 2mm tissue from
each tumor. Immunohistochemical staining of Aurora A was
performed with the procedure described in our pilot study
[2]. The Aurora A primary antibody (Cell Signaling
Technologies, Danvers, MA,USA, 4718) was selected for its

usefulness in both western blot analysis and immunohisto-
chemistry. The specificity of the antibody was documented
by knocking-down of the expression of the 48 kDa Aurora A
protein in human breast cancer MCF-7 cells treated with
Aurora A specific silencing RNA constructs, as shown in
Thrane et al. [2]. In the present validation study, the
enhancement system was improved. Antigen retrieval was
performed in a microwave oven for 15min in Envision FLEX
Target Retrieval Solution High pH (50x) (DAKO Denmark A/S,
Glostrup, Denmark Cat. no K8004), Aurora A primary antibody
was diluted 1:100 and applied over night at 4 �C. High
Definition Detection HRP Polymer System (AH Diagnostics A/
S, Tilst, Denmark, Cat. no 954D-30) was used for enhance-
ment and staining was performed with DAB substrate (DAKO,
Cat. no K3468). Nuclei were counterstained with hematoxylin
before mounting in pertex.

Aurora A expression in tumor cells was evaluated in both
cores from each tumor with a modified Allred procedure
[15], including scoring of the fraction of Aurora A positive
tumor cells and of Aurora A expression intensity. Regarding
the fraction of Aurora A positive tumor cells, three levels
were defined (1 point: 0–10%; 2 points: 11–50% and 3 points:
51–100% of tumor cells), as well as three levels of Aurora A
expression intensity (1 point: low; 2 points: medium and 3
points: high). These two parameters combined resulted in a
three-tiered score (0–2 points: negative or weak; 3–4 points:
moderate and 5–6 points: high; Figure 1). Cores with less
than 100 tumor cells were excluded from the analysis.

Statistical analysis

All clinical data were collected and monitored by the
International Breast Cancer Study Group (IBSCG) Data
Management Center (Buffalo, NY, USA) and the Danish Breast
Cancer Cooperative Group (DBCG). Baseline data including
data on follow-up until October 2010 [16] were provided by
the IBCSG datacenter. The statistical analyses were conducted
at DBCG by the author MJ.

Follow-up time was quantified in terms of a Kaplan-Meier
estimate of potential follow-up. Kaplan-Meier plots were used
to illustrate the primary end-point DFS, defined as the time
from randomization to the earliest of any of the following
events: recurrence of the disease at a local, regional or dis-
tant site; a new invasive cancer in the contralateral breast; a
new secondary non-breast cancer or death without a previ-
ous cancer event. Secondary end-point was OS, defined as
the time from randomization to death, irrespective of cause
of death. Time to event outcomes DFS and OS were analyzed
according to the intention to treat principle (ITT). Follow-up
in the sequential treatment arms was censored at two years,
i.e., at the time of scheduled treatment change.

Baseline characteristics were compared using the two-
sided Fisher’s exact test (excluding unknown) or Wilcoxon
rank sum test. The associations of Aurora A expression and
time to event endpoints, DFS and OS, were analyzed by
Kaplan-Meier estimates, and statistical significance was esti-
mated by log-rank test stratified by two- or four-arm random
assignment option and treatment arm (tamoxifen vs.
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letrozole). Hazard ratio (HR) estimates were obtained from
analysis by the Cox proportional hazards ratio model.
Multivariate analysis included age at randomization, tumor
size, histological type and grade, nodal status, ER and HER2
status and random assignment. The HER2 normal population
was used to estimate treatment effect. Level of statistical sig-
nificance was set to 5%.

Results

Aurora A expression and correlation to other tumor
markers

In this study, archival primary tumor tissues from 1323 of the
1396 Danish breast cancer patients enrolled in the BIG 1-98
study were investigated. By central assessment, 1244 patients
were ER-positive (>1%). Aurora A data were available from
980 of the ER-positive patients. The exclusion of 416 patients
was mainly because of lack of tumor samples or too few
tumor cells in the TMA-cores.

Clinico-pathological parameters for included and excluded
patients are presented in Table 1. The excluded patients had
a higher frequency of small tumors (0–20mm) than the
included patients (54.3 vs. 46.7%). The estimated median
potential follow-up time was nine years. 353 patients experi-
enced a recurrence and 252 had died. In the letrozole arm,
slightly but significantly more patients were included
(p¼ .04) as compared to the other treatment arms (tamoxifen
alone, tamoxifen followed by letrozole and letrozole followed
by tamoxifen, data not shown).

High Aurora A expression was found in 26.9% of the study
population, moderate expression in 57.0% (Table 2). High
expression of Aurora A was more frequent in invasive ductal
carcinomas than in lobular carcinomas (p< .0001). The major-
ity of tumors with high malignancy grade III and with
HER2 amplification expressed high Aurora A level (p< .0001).
Tumors with intermediate ER scores (Allred 3–6) were less
frequently expressing high Aurora A compared to tumors
with high ER expression (p< .0001). With regard to expres-
sion of Aurora A and treatment arms, the patients were well
balanced (data not shown).

Aurora A as a prognostic factor

The association of Aurora A expression and DFS and OS is
shown by Kaplan-Meier estimates (Figure 2). DFS at five year
follow-up was 77.6% (95% CI 70.3–83.4) for negative or weak
expression, 81.0% (95% CI 77.5–84.0) for moderate expression
and 76.3% (95% CI 70.7–81.0) for high expression; the corre-
sponding numbers for OS were 85.9% (95% CI 79.4–90.5) ver-
sus 89.8% (95% CI 87.0–92.0) versus 85.8% (95% CI
81.0–89.5). No significant association was found between
Aurora A expression and DFS (HR 1.22 (CI 0.96–1.55), p¼ .28)
whereas OS was borderline significant (HR 1.41 (1.07–1.87),
p¼ .06; Table 3) for patients with high Aurora A expression
compared to the moderate group. Restricting the patient
population by excluding patients with amplified HER2
revealed no statistical significant association between Aurora
A expression and DFS and OS (p¼ .51 and .13; Table 3).
Adjusted analysis (multivariate analysis) included ER status
(Allred scores 3–6 vs. 7–8), tumor grade, lymph node status,
histological type, age and tumor diameter as covariates and
neither the whole group of patients nor the HER2 normal
subpopulation disclosed significant difference (Table 3).

Aurora A as a predictive marker for treatment with
letrozole versus tamoxifen

In the group of patients with HER2 normal expression, no
statistical significant difference in DFS (HR 0.95 (CI 0.72–1.25),
p¼ .70) or OS (HR 1.03 (CI 0.73–1.44), p¼ .89) was found in
relation to treatment with letrozole versus tamoxifen
(Table 4). Treatment effect heterogeneity (letrozole versus
tamoxifen) according to Aurora A expression levels negative/
weak, moderate or high, did not show significant effects,
p¼ .20 and .89 for DFS and OS, respectively.

Discussion

In this large subset of BIG 1-98, we were unable to demon-
strate a prognostic or predictive effect of Aurora A expres-
sion. Our results are in contrast to previous results including
a prior pilot study from our group [2,9–12,17]. Our pilot study
included both HER2 positive and negative patients [2] and in

Neg./weak (0-2) Moderate (3-4) High (5-6)

Aurora  A

Figure 1. Representative pictures showing immunohistochemical staining for Aurora A: negative/weak, moderate and high staining.
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Table 1. Patient characteristics in study population and patients excluded from the total cohort of Danish patients in BIG 1-98.

Study population Excluded Total

Characteristic N (%) N (%) N (%) p value

All 980 (100.0) 416 (100.0) 1396 (100.0%)
Tumor size, mma

0–20 458 (46.7) 226 (54.3) 684 (49.0) .01
21–50 495 (50.6) 173 (41.6) 668 (47.9)
51þ 26 (2.7) 17 (4.1) 43 (3.1)

Histological typea

Invasive ductal 827 (84.5) 341 (82.0) 1168 (83.7) .11
Invasive lobular 122 (12.4) 67 (16.1) 189 (13.5)
Other 30 (3.1) 8 (1.9) 38 (2.7)

Tumor grade
I 213 (21.7) 97 (23.3) 310 (22.2) .44
II 504 (51.4) 213 (51.2) 717 (51.4)
III 135 (13.8) 47 (11.3) 182 (12.0)
Unknown 128 (13.1) 59 (14.2) 187 (13.4)

Positive nodesa

0 347 (35.4) 158 (38.0) 505 (36.2) .07
1–3 427 (43.7) 152 (36.5) 579 (41.5)
4–9 129 (13.2) 69 (16.6) 198 (14.2)
10þ 76 (7.8) 37 (8.9) 113 (8.1)

ER
Allred scores

0–2 0 (0.0) 32 (7.7) 32 (2.3) .04
3–6 258 (26.3) 87 (20.9) 345 (24.7)
7–8 722 (73.7) 177 (42.5) 899 (64.4)
Unknown 0 (0.0) 120 (28.8) 120 (8.6)

Aurora A
Negative or weak 157 (16.0) 5 (1.2) 162 (11.6) .39
Moderate 559 (57.0) 15 (3.6) 574 (41.1)
High 264 (26.9) 12 (2.9) 276 (19.8)
Missing 0 (0.0) 384 (92.3) 384 (27.5)

HER2
Normal 880 (89.8) 280 (67.3) 1160 (83.1) .07
Amplified 97 (9.9) 19 (4.6) 116 (8.3)
Unknown 3 (0.3) 117 (28.1) 120 (8.6)

aOne patient was omitted because of lack of data.

Table 2. Aurora A’s association with other prognostic variables.

Aurora A

Negative/weak Moderate High Total

Characteristic N (%) N (%) N (%) N (%) p value

All 157 (100.0) 559 (100.0) 264 (100.0) 980 (100)
Tumor size, mma

0–20 61 (38.9) 282 (50.4) 115 (43.6) 458 (46.7) .003
21–50 87 (55.4) 264 (47.2) 144 (54.9) 495 (50.6)
51þ 9 (5.7) 13 (2.3) 4 (1.5) 26 (2.7)

Histological typea

Invasive ductal 118 (75.2) 469 (83.9) 240 (91.3) 827 (84.5) <.0001
Invasive lobular 35 (22.3) 70 (12.5) 17 (6.4) 122 (12.4)
other 4 (2.5) 20 (3.6) 6 (2.3) 130 (12.4)

Tumor grade
I 53 (33.8) 139 (24.9) 21 (8.0) 213 (21.7) <.0001
II 65 (41.5) 307 (54.9) 132 (50.0) 504 (51.4)
III 6 (3.8) 36 (6.4) 93 (13.8) 135 (13.8)

Unknown 33 (21.0) 77 (13.8) 18 (6.8) 128 (13.1)
Positive nodesa

0 44 (28.0) 198 (35.4) 105 (39.8) 347 (35.4) .12
1–3 77 (49.0) 248 (44.5) 102 (38.6) 427 (43.7)
4–9 25 (15.9) 73 (13.1) 31 (11.7) 129 (13.2)
10þ 11 (7.0) 39 (7.0) 26 (9.8) 76 (7.8)

ER
Allred scores 3–6 66 (42.0) 124 (22.2) 68 (24.7) 258 (25.8) <.0001
Allred scores 7–8 91 (58.0) 435 (77.8) 196 (64.4) 722 (74.2)

HER2
Normal 149 (94.9) 525 (93.9) 206 (78.0) 880 (89.9) <.0001
Amplified 7 (4.5) 32 (5.7) 58 (22.0) 97 (9.9)
Unknown 1 (0.6) 2 (0.4) 0 (0.0) 3 (3.0)

aOne patient was omitted because of lack of data.
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(A) (B)

Figure 2. Kaplan-Meier survival curves demonstrating DFS (A) and OS (B) for patients with high, moderate and negative/weak Aurora A expression. p values are
procured from log-rank testing.

Table 3. Association between Aurora A expression and disease-free survival (DFS) and overall survival (OS).

Un-adjusteda Adjustedb

Population Response Aurora A HR (95%CI) p value HR (95% CI) p value

All (N¼ 980) DFS Negative/weak 1.09 (0.82–1.46) .28 1.02 (0.75–1.39) .54
Moderate 1.00 (reference) 1.00 (reference)
High 1.22 (0.96–1.55) 0.86 (0.66–1.14)

OS Negative/weak 1.11 (0.78–1.57) .06 0.98 (0.68–1.42) .98
Moderate 1.00 (reference) 1.00 (reference)
High 1.41 (1.07–1.87) 1.03 (0.75–1.42)

HER2 negative or unknown (N¼ 883) DFS Negative/weak 1.13 (0.83–1.53) .51 1.04 (0.75–1.43) .94
Moderate 1.00 (reference) 1.00 (reference)
High 1.16 (0.88–1.52) 0.97 (0.71–1.32)

OS Negative/weak 1.10 (0.76–1.59) .13 0.97 (0.65–1.43) .68
Moderate 1.00 (reference) 1.00 (reference)
High 1.39 (1.01–1.90) 1.16 (0.81–1.64)

aCox proportional hazards model stratified for random assignment option and treatment arm.
bCox proportional hazards model stratified for random assignment option and treatment arm. Model was adjusted for ER status, tumor grade, lymph node status,
histological type and tumor size.

Table 4. Treatment effect of letrozole versus tamoxifen a.

Aurora A
Adjustedb

Population Response Subgroup HR (95% CI) p p hetc

HER2 negative or unknown (N¼ 883) DFS 0.95 (0.72–1.25) .70
DFS Negative/weak 0.64 (0.33–1.22) .20

Moderate 1.17 (0.81–1.69)
High 0.78 (0.44–1.37)

OS 1.03 (0.73–1.44) .89
OS Negative/weak 0.78 (0.35–1.71) .47

Moderate 1.24 (0.78–1.95)
High 0.83 (0.42–1.63)

aAnalysis in mono-therapy arms only (follow-up in sequential treatment arms truncated two years after
randomization).
bCox proportional hazards model adjusted for ER status, tumor grade, lymph node status, histological type, tumor
size, age and HER2 status.

cTest for treatment effect heterogeneity.
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the BIG 1-98 patients, we found a trend for significance of
Aurora A expression as a prognostic marker for OS in the uni-
variate analysis including all patients, p¼ .06. However, when
we omitted patients with amplified HER2, no significant asso-
ciation between Aurora A expression and DFS or OS was
observed. High Aurora A expression was associated with high
tumor grade (grade III compared to I) and high Aurora A
level was more frequent in ductal compared to lobular
tumors (29.0 vs. 13.9%). The higher frequency of high Aurora
A expression in ductal carcinomas is in agreement with a
study with 1359 ER positive breast tumors, in which high
Aurora A expression was of found in 27% of the ductal and
in 12.8% of the lobular tumors [10]. Our finding of more fre-
quently high Aurora A expression in HER2 positive tumors
compared to HER2 negative tumors was seen also in other
studies [10,18]. The association between Aurora A expression
and the independent variables; histological type, tumor grade
and HER2 status may explain the lack of significance in the
multivariate analysis.

The BIG 1-98 study included 8010 patients with early
breast cancer, and reduction in recurrence and mortality was
obtained by letrozole monotherapy compared to tamoxifen
monotherapy [16]. We have analyzed tumors from a sub-
group of only the Danish patients who had participated in
the BIG 1-98 study. Overall there was no significant treatment
effect comparing tamoxifen and letrozole. This may be due
to more extensive cross-over from tamoxifen to letrozole in
Denmark when it became evident that letrozole was superior
to tamoxifen. Our analysis for potential treatment effect
heterogeneity according to Aurora A expression level did not
reveal significant difference. Of note, centrally reviewed Ki-67
labeling index of 2685 primary tumors from the BIG 1-98
study receiving monotherapy disclosed that treatment bene-
fit from letrozole versus tamoxifen was greater
among patients with high Ki-67 than among patients with
low Ki-67 [19].

Several studies have shown that the mitotic Aurora
kinase A is a poor prognostic marker in breast cancer
[9–11,17,18,20], and we found borderline significance for
reduced OS in this group of breast cancer patients with early
breast cancer treated with adjuvant endocrine therapy.
Aurora A is not only a cell cycle regulator but is also involved
in many different signaling cross-talks within the cells [5–7],
including activation of the ER via phosphorylation [12]. Our
finding in this study which included 980 early breast cancer
patients showed that Aurora A did not show significance as
prognostic or predictive marker for response to tamoxifen or
to letrozole. This indicates that Aurora A overexpression
alone may not be sufficient to render breast cancer cells
resistant to adjuvant endocrine therapy. It should be men-
tioned that our cell culture models have been established
from the human breast cancer cell lines MCF-7 and T47D,
both of which are established from breast cancer metastases.
MCF-7 and T47D cells respond to treatment with tamoxifen
and with aromatase inhibitor, but few cells survive treatment.
Resistant cell lines have been established from colonies of
surviving cell, which have acquired the ability to grow in
presence of either tamoxifen or an aromatase inhibitor
[2,21,22]. Thus, the cell culture models in which Aurora A has

a causal role for resistant cell growth mimic patients with
advanced disease who after an initial response to the endo-
crine therapy regress during treatment. This study indicates
that the mechanisms, which render early breast cancer resist-
ant to treatment may differ from the mechanisms involved in
acquired resistance. Determination of Aurora A expression in
primary breast tumors from patients with advanced disease
and in the corresponding metastases developed after an ini-
tial response to treatment with either tamoxifen or an aroma-
tase inhibitor may clarify whether high Aurora A expression
is associated with acquired resistance.

In summary, we have found high Aurora A expression in
26.9% of the 980 breast tumors included in this study.
Aurora A expression was associated with ductal carcinomas,
high malignancy grade and HER2 amplification. A trend was
found for decreased OS in patients with high Aurora A
expression. In this study with early breast cancer, Aurora A
was not a predictive marker neither for response to tamoxi-
fen nor to letrozole. We suggest that high expression of
Aurora A may be specific for acquired resistance to treatment
with tamoxifen and with aromatase inhibitor.
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Triple negative breast cancer – prognostic role of immune-related factors:
a systematic review

Elisabeth Specht Stovgaarda , Dorte Nielsenb, Estrid Hogdallc and Eva Balsleva

aDeparment of Pathology, Herlev and Gentofte Hospital, University of Copenhagen, Herlev, Denmark; bDepartment of Oncology, Herlev and
Gentofte Hospital, University of Copenhagen, Herlev, Denmark; cDepartment of Pathology, Molecular Unit, Herlev and Gentofte Hospital,
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ABSTRACT
Purpose: Treatment of breast cancer has been increasingly successful in recent years with the advent
of HER2-receptor targeted treatment and endocrine treatment. However, the triple negative subgroup
of breast cancer (TNBC) (estrogen-, progesterone- and HER2-receptor negative) still lacks targeted treat-
ment options. TNBC is a type of breast cancer that often affects younger women, and generally has a
worse prognosis than other types of breast cancer. Recently, the complex role of the immune system
in cancer growth, elimination and metastasis has been the object of increased attention. There is hope
that a more detailed understanding of the intricate roles of the constituents of the immune system,
will hold potential both as prognostic or predictive markers of cancer progression, but also as treat-
ment targets for a wide range of tumors, including TNBC. The aim of this review is to provide an over-
view of the cellular immune microenvironment in TNBC, and to highlight areas in which TNBC may
differ from other types of breast cancer.
Material and methods: A search of PubMed was made using the terms ‘triple negative breast cancer’
and ‘tumor infiltrating lymphocytes’, ‘CD8’, ‘CD4’, ‘B cells’, ‘natural killer cells’, ‘macrophages’, myeloid
derived suppressor cells’, ‘dendritic cells’, ‘immune check point inhibitor’, ‘CTLA-4’ and ‘PD-L1’.
Results: We find that whilst factors such as TILs and certain subgroups of TILs (e.g., CD8þ and regula-
tor T-cells) have been extensively researched, none of these markers are currently applicable to routine
clinical practice. Also, TNBC differs from other types of breast cancer with regards to cellular compos-
ition of the immune infiltrate and PD-L1 expression, and the prognostic significance of these.
Conclusions: Immune-related factors have the potential as both prognostic and predictive biomarkers
for new treatments targeting the immune system in breast cancer. However, multivariate analyses, tak-
ing other well-known factors into account, are required to determine the true value of these bio-
markers. Also, differences between TNBC and other types of breast cancer may have implications for
treatment and use of immune-related factors as biomarkers.

ARTICLE HISTORY
Received 15 September 2017
Accepted 28 October 2017

Introduction

Triple negative breast cancer

Triple negative breast cancer (TNBC) is defined by �1% estro-
gen receptor (ER) positive tumor cells, progesterone receptor
(PR) negativity, and normal HER2-receptor expression (HER2
normal by immunohistochemistry (IHC) or in situ hybridiza-
tion (ISH) analysis separately or combined). In the literature,
TNBC and basal-like breast cancer is often used interchange-
ably, however, the two terms are not totally overlapping, as
basal-like breast cancer can be receptor-positive in rare cases.
TNBC constitutes 15–20% of all breast carcinomas [1]. TNBC
affects younger women more often and has a worse progno-
sis than breast cancer in general, due to a combination of
more aggressive clinical behavior and lack of molecular tar-
gets for therapy [2].

Due to lack of targeted treatment, there is a need for new
treatment options, and amongst these there are hopes that

the emerging field of immunotherapy will provide efficient
treatment strategies for this aggressive cancer.

Prognostic factors in TNBC

Apart from the extensively documented clinico-pathological
risk factors such as node-status, tumor size, grade and prolif-
eration rate (ki-67), there are no prognostic and predictive
biomarkers suitable for clinical use for TNBC [3]. There is
hope that a more detailed knowledge of the interaction
between tumor cells and the immune system might lead to
clinically useful biomarkers. Among these are tumor infiltrat-
ing lymphocytes (TILs) and the prevalence of other cells from
the immune system as well as biomarkers related to the
immune/tumor interaction, such as PD-L1.

However, in breast cancer, there are differences in the
prognostic significance of immune cells according to breast
cancer subtype, likewise, the expression and significance of

CONTACT Elisabeth Specht Stovgaard elisabethidaspecht@gmail.com Department of Pathology, Herlev and Gentofte Hospital, University of Copenhagen,
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immune checkpoint markers such as PD-L1 may not have the
same significance in TNBC as in other, less aggressive breast
cancers [4–8].

Aim of this review

The purpose of this review is to give an overview of the
composition of cells of the immune system and of bio-
markers of immune checkpoint inhibitors in the tumor micro-
environment and their significance in TNBC. Hereby
elucidating which cells and which biomarkers related to the
immune system play the most important role in the inter-
action between tumor and immune system, it is necessary to
investigate the tumor microenvironment to discover which
immune cells are present, and what their prognostic and pre-
dictive values are. This will clarify if known cancer immune
treatments will be effective, but will also potentially inform
us of other possible targets for therapy.

Material and methods

A search of PubMed was made using the terms ‘triple nega-
tive breast cancer’ and ‘tumor infiltrating lymphocytes’, ‘CD8’,
‘CD4’, ‘B cells’, ‘natural killer cells’, ‘macrophages’, ‘myeloid
derived suppressor cells’, ‘dendritic cells’, ‘immune check
point inhibitor’, ‘CTLA-4’ and ‘PD-L1’. Only articles written in
English including at least 50 patients were included, unless
there were no studies on the subject except with less than
50 patients.

Significance of TILs in TNBC

When considering the inflammatory infiltrate in cancers, TILs
have been the main focus of much of recent research. TILs
have been shown both in breast cancer in general and in
TNBC in particular to be a strong prognostic indicator. Loi
et al. were the first to show that each 10% increment in
intratumoral and stromal TILs was associated respectively
with a 27% and 17% reduced risk of death in the TNBC
group of a study including 2009 breast cancer patients. Loi
et al. later confirmed these results in a study of 134 TNBCs,
where they also showed that a high number of TILs was a
significant predictor of distant recurrence, and that each 10%
increase in TILs was associated with a 13% reduction in rela-
tive risk of distant recurrence [9].

In a meta-analysis of the prognostic value of TILs in TNBC
including 8 studies with a total of 2987 patients, it was found
that cancers rich in TILs were associated with a 30% reduced
risk of recurrence, a 22% reduction in distant recurrence and
a 34% reduced risk of death [10].

TILs have also been shown to be predictive of response to
neoadjuvant chemotherapy (NAC). Denkert et al. were the
first to show a positive association between TILs and
response to NAC in a study of over 1000 breast cancer
patients [11]. Denkert et al. later confirmed that TILs are also
associated with pathological complete remission (pCR) to
NAC when looking at the TNBC group alone [12], and these
results have been confirmed by others [13].

To facilitate the use of TILs as a prognostic marker in the
clinical setting, an International TILs Working Group pub-
lished guidelines to allow for a more standardized evaluation
of this parameter [14], with minor modifications added in
2017 [15]. However, despite these efforts, interobserver vari-
ance is still deemed too great to allow for TIL evaluation to
be introduced in routine clinical practice [16].

Subpopulations of TILs

With regards to subtypes of TILs the strongest evidence
for effect on outcome has been found for T-lymphocytes.
T-lymphocytes are the most predominant type of lympho-
cytes in the tumor microenvironment, constituting up to 75%
of TILs [17]. In the following, we discuss subtypes of TILs
with different impacts on prognosis. A recurring paradox in
this area is that despite the functional heterogeneity of TIL
subtypes, the very general parameter of TIL evaluation on H
and E (Hematoxylin Eosin) stains is still a strong prognostic
factor [14]. Also, some TIL subtypes are known to downregu-
late the immune system. However, their presence in some
cancers seems to infer a better prognosis [18,19]. This some-
what arbitrary effect is taken as a sign that the presence of
these cells is an expression of a robust immune response,
including natural feedback mechanisms [14].

CD8þ-T lymphocytes
CD8þ T-lymphocytes differentiate into cytotoxic T-lympho-
cytes (CTLs) upon recognition of antigen and play a key role
in the adaptive immunological defense against foreign
agents and tumor cells. In TNBC, as in many other cancer
types, tumors rich in CD8þ T-lymphocytes are associated
with a better prognosis (Table 1) [10,20–22]. CD8þ infiltrates
are seen in 60% of TNBCs [23]. Some evidence suggests that
the effect of CD8þ T-cells is more powerful in hormone
receptor negative breast cancers. In a study of 1854 breast
cancer samples, Baker et al. [4] only found independent
prognostic significance of CD8þ T-cells in ER-negative breast
cancers (p¼ .03), whereas the same could not be shown for
ER positive tumors.

CD4þ T helper cells
CD4þ T helper cells can differentiate into a variety of sub-
types upon activation, and their function is to modulate the
activity and differentiation of the immune system through
modulation of, e.g., B-cells, CD8þ -T cells and macrophages
[24]. The main subgroups that have been investigated are
T-helper cells (TH1), follicular T helper cells and regulator
T-lymphocytes.

TH1 are the principal source of interferon-c, and follicular
T-helper cells (Tfh) are a relatively newly described subgroup
of CD4þ T-cells. Both subgroups have shown improved sur-
vival in some hormone receptor positive breast cancers, but,
as yet, not in TNBC [17].

Regulator T-lymphocytes (Tregs) are a subpopulation of
CD4þ T-lymphocytes with the immune phenotype CD4þ,
CD25þ, Fox3Pþ. In breast cancer, TNBCs have the highest
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amounts of FOXP3þ cells (70%) compared to other types of
breast cancer [23]. The function of Tregs in the normal
immune environment is to regulate and suppress immune
responses to prevent autoimmune reactions. Traditionally, it
has been believed that, in the tumoral environment, regula-
tory T-cells can suppress the effect of other effector cells,
thus preventing an effective immune response to tumor [25].
Previously, it was thought that high levels of Tregs were
associated with a worse prognosis. However, several recent
studies have shown the opposite in a variety of cancers,
including TNBC (Table 1) [18,26–28]. It is, as yet, unknown
what the exact mechanism behind this positive effect of
Tregs is, but in colorectal cancer, certain subsets of Tregs
were associated with a better prognosis than others [29]. A
similar study has not, to our knowledge, been performed in
breast cancer, but Syed et al. showed the accumulation of a
subset of Treg cells with immunosuppressive characteristics
in breast cancer tumor microenvironment, compared to nor-
mal tissue [30].

Natural killer cells
Natural killer cells (NK) recognize and eliminate foreign
cells lacking the MHC class 1 molecule, necessary for acti-
vation of CD8þ lymphocytes [31]. Studies of breast cancers
in general and TNBC cell lines in particular, have shown
that tumor cells are capable of downregulating their
‘visibility’ to NK cells through modulation of their receptors
and inhibitory factors in the microenvironment [32,33].
Studies of breast cancer have shown NK cells to be associ-
ated with a better prognosis, but there has been little
research regarding differences between breast cancer sub-
types (Table 2) [34,35].

B-cells
B-lymphocytes have not been shown to have the same
degree of significance as T-lymphocytes, with studies show-
ing both worse, better, or unaffected prognoses [36,37].
However, some evidence suggests, that the B-lymphocyte
population in the basal-like subtype might have more sig-
nificance than in other types of breast cancer, where
Iglesia et al. showed that metastasis- and DFS correlated
better with B-cell gene expression signatures for basal-like
and HER-2 enriched cancers, than for other subtypes
(Table 2) [38].

Other cells from the immune system

Tumor-associated macrophages
Tumor-associated macrophages (TAMs) play a key role in
regulating the interaction between the immune system and
cancer [39]. Two subtypes are relevant, M1 and M2, where M1
is an efficient antigen presenter and produces inflammatory
cytokines, whereas M2 macrophages participate in dampening
of inflammation, angiogenesis and tumor progression [40].

In breast cancer in general and in TNBC, TAMs are mostly
associated with a worse prognosis (Table 2) [37,41,42].
Campbell et al. showed that proliferating macrophages are

associated with hormone-receptor negativity (p¼ .00001 for
ER and p¼ .002 for PR), and with basal-like cancer, but not
with HER2 status [42].

Also, the composition of macrophage subtypes seems to
be different in TNBC. Stewart et al. showed that basal-like
breast cancer cells had a greater ability than the less
aggressive luminal breast cancer type, to drive macrophage
differentiation in cell cultures, and to induce polarization
towards both M1 and M2 phenotype, creating a population
of macrophages distinct from the population found in
cell cultures with breast cancer cells of a less aggressive
type [43].

Evidence also suggests that the prevalence of the M2-
phenotype is more prevalent in TNBC/basal-like breast can-
cers than in hormone receptor positive breast cancers, as
shown by Medrek et al. in a study of 144 breast cancer sam-
ples, where high densities of CD163þmacrophages in tumor
stroma (CD163 is a biomarker for M2 macrophages) were
associated with TNBC/basal-like cancers, higher grade and
larger size. However, the study only included 15 patients
with TNBC/basal-like tumors [5].

Dendritic cells
Dendritic cells (DCs) are professional antigen presenting
cells (APCs) that participate in the activation of adaptive
immune cells, e.g., T-cells. However, tumor infiltrating DCs
often show an aberrant phenotype with lower expression
of costimulatory molecules, blunted antigen cross represen-
tation and upregulation of regulatory molecules, pointing
towards factors in the tumor environment blunting the
stimulatory effect of DCs, turning them towards a protu-
morigenic effect. A subgroup of DCs often seen in tumors
are the plasmacytoid dendritic cells (pDCs), which are often
associated with a worse prognosis, tumor tolerance and
upregulation of Treg [6,44–47]. In breast cancers, higher
numbers of pDC were found in TNBC than in less aggres-
sive tumor types in 151 patients with non-metastatic
cancer (Table 2) [6]. Clinical trials in breast cancer patients
with dendritic cell vaccines are ongoing, some in combin-
ation with chemotherapy, but so far results have been
negligible [48].

Myeloid-derived suppressor cells
Myeloid-derived suppressor cells (MDSCs) are a heteroge-
neous group of immature myeloid cells. Their main func-
tion is to inhibit the immune system through secretion of
inhibitory cytokines and other substances [49]. Circulating
MDSCs in peripheral blood have been shown to be ele-
vated in breast cancer patients in all stages of the disease,
and to be positively correlated with stage and metastasis
[50,51]. Most of the research of MDSCs in the tumor
microenvironment has been performed in murine models,
and very little research exits on MDSCs in human breast
cancer tissue, but one study showed MDSCs to
be expanded in breast cancer tumor tissue as opposed to
normal tissue and was not particularly associated with hor-
mone receptor negativity. However, this study only
included 23 breast cancer patients [52].
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Immune checkpoints as a prognostic factor and
treatment target

The function of immune checkpoints in the non-cancerous
environment is to regulate the proliferation and activities of
cytotoxic cells to prevent autoimmune reactions. In the can-
cerous environment, these mechanisms are adopted by can-
cer cells to render immune cells anergic, and unable to
eliminate tumor cells.

Immunotherapy, which mainly focuses on blocking
immune-regulating proteins that suppress the anticancer
tumor response, has proven effective in many different can-
cer types, including melanoma and lung cancer [53–55].

There are currently numerous ongoing clinical studies
involving breast cancer patients and various immunothera-
peutic treatment strategies [56]. The most established forms
of immunotherapy are centered around the Programmed
Death 1 receptor (PD-1) and its ligand PD-L1, and also
CTLA-4.

CTLA-4
CTLA-4 blockade is effective in the treatment of melanoma,
but is not yet well researched in breast cancer [56,57]. CTLA-
4 can be expressed by cancer cells and plays a key role in
‘switching off’ the immune response of T-cells by progres-
sively blocking the co-stimulatory signals from APCs, needed
by T-cells to react to the antigens they are presented to
[56,58]. In breast cancer, CTLA-4 has been shown to be an
independent predictor of shorter DFS (hazard ratio (HR)
2.176, 95% CI 1.084–4.437, p¼ .029) and OS (HR 2.820, CI
1.337–5.950, p¼ .007) in 130 patients (see Table 3) [59], but
differences in CTLA-4 expression in subtypes of breast cancer
have not been described.

PD-1 and PD-L1
PD-1 is expressed in activated T-lymphocytes, but also in B-
lymphocytes, mononuclear cells, NK cells and some DCs [60].
When PD-1 binds to its ligand PD-L1, it serves to down-regu-
late T-cell activity, thus playing an important role in harness-
ing autoimmune reactions in the normal body [61]. PD-L1 is
expressed in a variety of solid tumors, including breast can-
cer, colorectal cancer, melanoma and lung cancer [62–65].

PD-L1 is commonly expressed in TNBC. In a study includ-
ing 35 triple-negative, non-basal-like tumors and 69 basal-like
tumors, high expression of PD-L1 was found in 31% and
33%, respectively [62]. Mittendorf et al. found higher expres-
sion of PD-L1 in TNBC, than in other cancer types, using RNA
sequencing (p¼ .001) [66], but there have been conflicting
results as to whether there is a positive correlation between
basal-like/hormone-receptor negative cancers and PD-L1
expression compared to other breast cancer subtypes
[7,8,67,68].

Another area with conflicting results is the impact of high
expression of PD-L1 on prognosis, with recent evidence
pointing towards PD-L1 expression being associated with
improved survival (Table 3) [69]. This somewhat arbitrary
effect is thought to be explained by high expression of PD-
L1 being an indicator of a more robust immune response to
tumor. However, other studies have reported worse out-
comes with high PD-L1 expression, as described below. A
meta-analysis including 5 studies composing 2546 patients
with breast cancer of all types found association between
shorter OS and PD-L1 overexpression (HR¼ 1.76, 95% CI
1.09–2.82; p¼ .02), but also found association between TNBC
and higher levels of PD-L1 expression [8]. However, one of
the studies included in this meta-analysis also studied out-
come in subtypes, concluding that PD-L1 was a significant

Table 3. PD-L1.

Author Number of patients Phenotype
Evaluation
method CTLA4 PD-L1

Yu et al. [61] 130 ER/PR/HER2 þ/� IHC CTLA4 expression inde-
pendent predictor of
shorter DFS (HR 2.17,
p¼ .03) and OS (HR
2.82, p¼ .01)

Botti et al. [72] 238 TNBC IHC PD-L1 expression associated
with better DFS (p¼ .04)

Zhang et al. [8] 2546 (metaanalysis) ER/PR/HER2 þ/� – PD-L1 expression associated
with worse OS
(HR¼ 1.76, CI:1.09–2.82,
p¼ .02).

Wang et al. [64] 443, of which 34 TNBC,
non-basal-like, 69
basal-like

ER/PR/HER2 þ/� IHC PD-L1 expression associated
with better RFS (HR:
0.39, CI¼ 0.22–0.86,
p¼ .02)

Li et al. [73] 136 TNBC IHC Stromal PD-L1 expression
associated with better
DFS (p¼ .05)

Mori et al. [74] 248 TNBC IHC High PD-L1 expression and
low TILs independent
prognostic factor of RFS
and OS (for RFS:
HR¼ 4.7, CI 1.6–12.7,
p¼ .01; for OS: HR¼ 8.4,
CI 2.3–30.3, p¼ .02)
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predictor of OS in the basal-like subtype (HR: 2.60, CI:
1.016–6.652, p¼ .046) [7].

Interestingly, Wang et al. reported no effect on outcome
for high expression of PD-L1 in general in breast tumors,
except for the basal-like subtype, where it was associated
with better recurrence free survival (RFS) (HR¼ 0.39,
CI¼ 0.22–0.86, p¼ .018) [62]. Other studies, exclusively
including TNBC have also found diverging results, with Botti
et al. showing better DFS for tumors expressing PD-L1 in 238
TNBCs (p¼ .04), while there was no effect on OS [69] and Li
et al. showing only association between stromal PD-L1
expression and DFS (p¼ .04), while there was no effect on
OS or with regards to tumoral expression of PD-L1 [70]. Mori
et al. found no effect on OS with PD-L1 alone in TNBC, but
high expression of PD-L1 in combination with low numbers
of TILs was an independent prognostic factor of both RFS
and OS (for RFS: HR¼ 4.7, CI 1.6–12.7, p¼ .0067; for OS:
HR¼ 8.4, CI 2.3–30.3, p¼ .019) [71]. Clinical trials targeting
the PD-1-PD-L1 pathway to treat TNBC patients are ongoing,
and preliminary results have been promising [72,73].

A high expression of PD-L1 is associated with higher
chance of response to PD-L1 blockade in several tumor types.
However, even tumors with very low expression do respond,
but less frequently. Selecting patients for treatment with PL-
L1 blockade based on PD-L1 expression, and if so, which cut-
point to use, is therefore debated [54].

Discussion

Biomarkers related to the immune system have been demon-
strated to be of prognostic significance in many tumor types,
including breast cancer. However, even TILs, the most thor-
oughly evaluated parameter, is not yet ready for clinical use,
due to interobserver variability and lack of standardization.

The composition of immune cells in the tumor microenvir-
onment of TNBC in some ways resemble that of breast can-
cer in general, however, there are differences in the
prevalence and prognostic significance of several of the cells,
and the exact impact on prognosis is not yet known. The
composition of the cellular tumor microenvironment is there-
fore currently mostly of scientific interest, and is not yet
ready to be utilized as prognostic indicators in the clinical
setting.

The immune checkpoint markers are also correlated with
other known prognostic factors, and multivariate analyses
taking other known prognostic factors into account has, in
some cases, not been performed in past research, but are
needed to assess the true value of immune biomarkers in
the prognostic evaluation of patients.

More research in this area may be important for our
understanding of the role of the immune system in different
tumor types. Moreover, treatments targeting the immune sys-
tem are being developed, and the immune biomarkers may
become essential as predictive factors for selecting patients
that are likely to benefit from treatment. It remains to be
determined which markers, and which cut-points, are opti-
mal. Research in PD-L1 and other biomarkers has, so far
given diverse and sometimes contradictory results. This

might be due to different cut-of points and methods of
evaluation, but also because of different qualities in the anti-
bodies utilized in histological evaluation. Perhaps the future
direction of research in this area should focus on expression
of biomarkers on a molecular level, as this could lead to
more uniform results, which will potentially lead to a better
understanding of prognosis and of which patients may bene-
fit from immunotherapy.

Immunotherapy would seem to be a promising treatment
modality in TNBC. First, TILs are generally more predominant
in this subgroup [74,75]. Secondly, the hormone receptor
negative/basal-like subtypes have been considered the most
likely candidates to benefit from immunotherapy, due to
their high levels of mutations, resulting in a larger number of
neo-antigens, which have been shown to be immunogenic
[76–79]. TNBC has few targeted treatment options, and fur-
ther research into immunotherapy for this disease may lead
to significant improvements in the treatment and prognosis
for these patients.
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ABSTRACT
Introduction: In 2011, the St. Gallen Consensus Conference introduced the use of pathology to define
the intrinsic breast cancer subtypes by application of immunohistochemical (IHC) surrogate markers ER,
PR, HER2 and Ki67 with a specified Ki67 cutoff (>14%) for luminal B-like definition. Reports concerning
impaired reproducibility of Ki67 estimation and threshold inconsistency led to the initiation of this
quality assurance study (2013–2015). The aim of the study was to investigate inter-observer variation
for Ki67 estimation in malignant breast tumors by two different quantification methods (assessment
method and count method) including measure of agreement between methods.
Material and methods: Fourteen experienced breast pathologists from 12 pathology departments
evaluated 118 slides from a consecutive series of malignant breast tumors. The staining interpretation
was performed according to both the Danish and Swedish guidelines. Reproducibility was quantified
by intra-class correlation coefficient (ICC) and Lights Kappa with dichotomization of observations at the
larger than (>) 20% threshold. The agreement between observations by the two quantification meth-
ods was evaluated by Bland–Altman plot.
Results: For the fourteen raters the median ranged from 20% to 40% by the assessment method and
from 22.5% to 36.5% by the count method. Light’s Kappa was 0.664 for observation by the assessment
method and 0.649 by the count method. The ICC was 0.82 (95% CI: 0.77–0.86) by the assessment
method vs. 0.84 (95% CI: 0.80–0.87) by the count method.
Conclusion: Although the study in general showed a moderate to good inter-observer agreement
according to both ICC and Lights Kappa, still major discrepancies were identified in especially the mid-
range of observations. Consequently, for now Ki67 estimation is not implemented in the DBCG treat-
ment algorithm.
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Introduction

The classification of malignant breast tumors into molecular
intrinsic subtypes by DNA microarrays (luminal A, luminal B,
HER2-enriched and basallike) were introduced by Perou et al.
[1]. The study contributed with new insights into the molecu-
lar landscape of breast cancer providing important prognos-
tic information concerning both disease free survival and
overall survival for each of the molecular intrinsic subtypes
with luminal B tumors having poorer outcome than luminal
A tumors. The main difference between luminal A and
luminal B is related to the higher expression of proliferation
related genes in luminal B tumors [2] and it has been

confirmed that genes indicative of high tumor cell prolifer-
ation are the major contributors of poor prognosis in various
prognostic gene assays [3]. Since multigene testing is an
expensive procedure not applicable in every pathology
laboratory immunohistochemical staining (IHC) for the prolif-
eration marker Ki67 has been an obvious choice. Ki67 is
expressed in the cell nucleus during cell cycle in the G1, S,
G2 and M phase but not in the G0 phase. Several studies
have documented the prognostic and predictive value of
Ki67 expression as a continuous variable in both the adjuvant
and neoadjuvant setting [4–6]. Cheang et al. [7] showed that
a clinical relevant ki67 IHC cut point could be determined

CONTACT Anne-Vibeke Laenkholm anlae@regionsjaelland.dk Department of Surgical Pathology, Zealand University Hospital, Slagelse, Ingemannsvej 48,
4200 Slagelse, Denmark
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from ROC curves to separate luminal A and luminal B tumors
as compared to the PAM50 gene expression signature as
gold standard. The initial training set consisting of 144
tumors identified a Ki67 threshold of 13.25% separating the
luminal A-like and luminal B-like tumors in two distinct prog-
nostic groups. Validation of this finding by IHC in a larger
population of ER positive HER2 normal cases (N¼ 2276) con-
firmed the initial results with a cutoff value of 14%. The
study was performed on tissue microarrays (TMA) and a
population with excellent prognosis was identified indicating
that postmenopausal patients with luminal A-like tumors
might be spared chemotherapy. Encouraged by the results
from this study the 2011 St. Gallen Consensus Conference [8]
introduced the use of pathology to define the intrinsic breast
cancer subtypes by application of IHC surrogate markers (ER,
PR, HER2 and Ki67) with a specified Ki67 cutoff (>14%) for
luminal B-like definition. The Ki67 cutoff value for luminal B-
like classification was further changed to �20% at the
2013 St. Gallen Consensus Conference [9] based on the work
of Prat et al [10]. In addition, the International Ki67 in Breast
Cancer working group published recommendations for Ki67
assessment for both the pre-analytical, analytical and post-
analytical phase emphasizing the need for standardization of
procedures [11].

Since 2010, Ki67 IHC has been performed on all malignant
breast tumors in Denmark. Due to concerns about the repro-
ducibility of Ki67 interpretation and quantification the Danish
Scientific Committee of Pathology in the DBCG initiated and
finalized a Ki67 quality assurance study during a two-year
period (2013–2015). Eleven out of twelve Danish departments
of pathology involved in breast cancer diagnostics partici-
pated in the study in collaboration with Department of
Pathology, Skåne University Hospital, Lund, Sweden.

The aim of the study was to investigate inter-observer
variation for Ki67 estimation in malignant breast tumors by
two different methods according to the national guidelines
for Ki67 staining interpretation in Denmark and Sweden
including measure of agreement between methods.

Material and methods

Material

Fourteen experienced breast pathologists evaluated 118
slides from a consecutive series of malignant breast tumors
as part of this quality assurance study.

The Ki67 staining was performed centrally with CONFIRM
anti-Ki67 Rabbit Monoclonal Primary Antibody 30-9 (Roche/
Ventana a/s) according to standard procedure (http://www.
nordiqc.org/). The slides were circulated among the observers
and evaluated locally by standard light microscopy on full
tumor sections. Five samples had missing observations by
the assessment method and six samples by the count
method resulting in a total number of 1647/1646 observa-
tions for the assessment method and count method,
respectively.

Staining interpretation

Positive ki67 staining was defined as any brown stain in the
nucleus above background.

The staining interpretation was performed according to
national guidelines:

The Danish interpretation guideline recommends a semi-
quantitative evaluation of Ki67 nuclear staining in hotspot
areas with notation of the percentage of Ki67 positive inva-
sive tumor cells in 5–10% intervals (assessment method).

The Swedish interpretation guideline recommends calcula-
tion of 200 invasive tumor cells in hotspot areas with nota-
tion of the number of Ki67 positive tumor cells in percentage
(count method). Figure 1 represents an example of nuclear
Ki67 staining with variable nuclear staining intensity.

Statistics

The statistical analysis was performed by the DBCG statisti-
cians. The distribution of observations by the assessment and
count methods is presented in histograms and inter-observer
variability is visualized in box-plots. Intra-class correlation

Figure 1. Nuclear Ki67 immunohistochemical staining demonstrating variation in staining intensity.
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coefficient (ICC) was used as a summary measure of inter-
observer reproducibility and for this purpose the two-way
random effect model was applied [12]. The ICC has a range
of 0–1, with one denoting the highest agreement. Since
there are no standard values for acceptable reliability of ICC,
it was decided that a prespecified value of ICC> 0.80 was to
be considered indicative of good agreement in this study as
compared to kappa statistics with 0.8–1.0 regarded as almost
perfect [13–15].

Following dichotomization of observations at the larger
than (>) 20% threshold the agreement between individual
observers was calculated as the proportion of overall positive
and negative agreement and as Light’s Kappa [16]. The
Kappa statistics is not defined in case of missing observa-
tions; hence, the dataset was reduced to 113 samples eval-
uated by all observers and by both methods. The agreement
between observations done by the assessment and count
methods was evaluated in a Bland–Altman plot. The plot
depicts the difference between observations of the same
sample by the same observer against the mean of observa-
tions [17]. If the differences have constant mean and variance
the limits of agreement (LoA) can readily be added to the
plot. For the Ki67 observations the mean and the variance of
differences were clearly not constant over the range of
observations and for this reason variance stabilizing logit and
arcsine transformations were evaluated. By arcsine transform-
ation variance homogeneity was obtained, whereas a linear
trend of differences remained. Therefore arcsine transform-
ation was considered as a valid model to be used for predic-
tions of the outcome of one method, by knowing the
observation of the other method.

In case of transformed observations the Bland–Altman
plot and associated LoA do not offer an easy visual interpret-
ation. To make a clinically meaningful presentation of the
prediction interval this was determined according to
Carstensen et al. [18] and back-transformed to the original
scale.

Results

Observations by the assessment method were in general
skewed towards lower values compared to observations by
the count method (Figure 2). The assessment method had a
lower mean value of 35.3% (95% CI: 33.97–36.65) vs. 37.4%
(95% CI: 36.12–38.67) for the count method but a larger dis-
persion: The standard deviation was 27.8 vs. 26.4 and dis-
tance between the 10%-percentile and the 90%-percentile
was 75-percentage-points vs. 74-percentage-points. As can
be seen from the confidence intervals the means of the two
methods are not statistically significantly different.

For the fourteen raters the median ranged from 20% to
40% by the assessment method and from 22.5% to 36.5% by
the count method (Figures 3(A,B)).

The ICC was 0.82 (95% CI: 0.77–0.86) by the assessment
method vs. 0.84 (95% CI: 0.80–0.87) by the count method.

For Ki67 observations dichotomized at the 20% threshold
57.4% were positive by the assessment method whereas
67.6% were positive by the count method. It is shown that

195 (28%) of the observations �20% by the assessment
method was estimated as above 20% by the count method
and 26 (3%) of the observations above 20% by the assess-
ment method was estimated as �20% by the count method
(Table 1). The proportion of between-method agreement of
individual observers for observations above 20% ranged from
0.73 to 0.96 (median 0.87), and, as more observations were
classified as positive by both methods, the proportion of
positive between-method agreement (range 0.78–0.97,
median 0.90) was larger than the proportion of between
method agreement for observations �20% (0.65–0.91,
median 0.83). Light’s Kappa was 0.66 for observation by the
assessment method and 0.65 by the count method
(n¼ 1582).

A Bland–Altman plot (Figure 4(A)) visualized the agree-
ment between the count and assessment methods. It is seen
that the difference between observations is small at the
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Figure 2. Distribution of registrations by the assessment and count methods
on the original scale as percent positively stained tumor cells.
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lower and upper end of the scale but large in central part of
the scale. At the low end of the scale observations by the
count method tend to be larger than observations by the
assessment method (as seen by the regression line), whereas
the opposite tends to be the case in the high end of the

scale. Due to this trend in differences and the absence of
constant variance, the fitted LoA are not reliable. In Figure
4(B), the regression line and prediction limits are back-trans-
formed from the arcsine-scale. The regression line in Figure
4(B) shows that at the 20% threshold for the assessment
method the prediction of the count method is 23.4% (95%
PI: 8.2–43.5%), vice versa at the 20% threshold for the count
method the prediction of the assessment method is 16.7%
(95% PI: 2.6–36.8%)

An observation of 5% by the assessment method has 95%
chance of being Ki67 negative (�20%) on the count scale,
whereas an observation of 10% by the assessment method
has 95% chance of being Ki67 negative on the assessment
scale.

An observation of 33% by the assessment method has
95% chance of being Ki67 positive (>20%) on the count
scale, whereas an observation of 40% by the assessment
method has 95% chance of being Ki67 positive on the
assessment scale.

Discussion

Despite of controversies concerning Ki67 standardization of
interpretation and cutoff levels the Ki67 IHC labeling index is
generally accepted as an important prognostic factor in ER
positive breast cancer being the main discriminator in classifi-
cation of luminal A-like and luminal B-like breast cancer. In
this study the count method resulted in a higher proportion
of cases with Ki67> 20% as compared to the assessment
method (Figure 2). Also, the study showed almost similar
kappa values (0.66 for the assessment method and 0.65 for
the count method) consistent with similar level of disagree-
ment for both methods although the prespecified ICC level
was achieved especially for the count method by 0.84 (95%
CI: 0.80–0.87).

The magnitude of estimators of agreement (kappa or ICC)
is conventionally interpreted as follows: 0 (absent), 0–0.19
(poor), 0.20–0.39 (weak), 0.30–0.59 (moderate), 0.60–0.79
(good), and �0.80 (almost complete agreement). This inter-
pretation is however arbitrary without objective argumenta-
tion for the specified intervals. Consequently, despite of
kappa values of 0.664 for the assessment method and 0.649
for the count method in the present study and as such indi-
cating good inter-observer agreement according to conven-
tional kappa interpretation, it must be reconsidered whether
this level of agreement is acceptable when it relates to clin-
ical treatment decision. An alternative approach for kappa
interpretation has been suggested with kappa values above
0.8 as recommended prior to clinical implementation [19].

With respect to the measure of agreement between meth-
ods the Bland–Altman plot confirmed that the highest agree-
ment in Ki67 observations in this study was in the very low
and very high end of the scale with impaired agreement in
the mid-range of observations (Figure 4(A,B)). This resulted in
regrouping of a large number of observations depending on
quantification method (Table 1) which is critical since a major
part of Ki67 estimations in daily routine diagnostics are in
the range of 10–30%. These findings in combination with the
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Figure 3. Distribution of Ki67 observations by the (A) assessment and (B) count
methods according to rater. The bottom and top edges of the box are located
at the sample 25th and 75th percentiles. The center horizontal line is drawn at
the 50th percentile (median) and the circle illustrates the mean value.

Table 1. Observations of Ki-67 by the assessment and count
methods dichotomized at the >20% threshold�.

Count method

Assessment method �20% >20% Total

�20% 507 195 702
>20% 26 918 944
Total 533 1113 1646
�Proportion of overall agreement: (507þ 918)/(507þ 918
þ 195þ 26)¼ 0.866.

Proportion of positive agreement: (2�918)/(2�918þ 195
þ 26)¼ 0.893.
Proportion of negative agreement: (2�507)/(2�507þ 195
þ 26)¼ 0.821.
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fact that the inter-observer agreement (kappa value and ICC)
for both methods were almost identical lead to the conclu-
sion that implementation of a prespecified Ki67 cutoff level
was not advisable, thus in line with the 2017 St. Gallen
Consensus Conference publication [20]. The presented results
in this study are in accordance with those of others docu-
menting impaired Ki67 inter-observer agreement [13,21–24].
Leung et al. [15] and Polley et al. [23] showed that calibration
and standardization of scoring methods on TMA and core
needle biopsies improved ICC to above 0.90 but still major
discrepancies persisted around clinical important cutoff val-
ues. In addition, other studies have documented high level
of inter-observer variability in the gray zone area of Ki67
index of 10–30% [21,24–26]. The concerns regarding inter-
pretation of Ki67 are related to several contributing factors
other than inter-observer reproducibility and lack of stand-
ardization of staining interpretation. Also inter-laboratory dis-
crepancies with relation to IHC platform, choice of Ki67
antibody (clone) and IHC detection system are to be consid-
ered [22,27]. The Swedish survey by Ekholm et al. [27]
reported good inter-laboratory reproducibility for Ki67 with
central review. However, the Swedish laboratories had lab-
specific thresholds for Ki67 and a lower agreement was
reported between observers and central review when the
lab-specific cutoff levels were used (j¼ 0.57). In the recent
paper by Focke et al. [22] on behalf of the German Breast
Screening Pathology Initiative, thirty European pathology lab-
oratories stained serial sectioned TMA slides according to
local routine protocols. Central Ki67 assessment was per-
formed reporting the proportion of tumors classified as
luminal A-like after dichotomizing observations at the �14%
threshold. The study showed a huge inter-laboratory vari-
ation in luminal A-like classification ranging from 17% to
57% (p< .0001).

The strength of this study is related to the fact that expe-
rienced breast pathologists performed the staining

interpretation in accordance to the national guidelines in
Denmark and Sweden.

Further, the staining procedure was done centrally and
the staining interpretation was performed on full sections.
There are however some potential limitations to be consid-
ered. Standard light microscopy was applied in the present
study since automated image analysis is not standard pro-
cedure for Ki67 estimation in the Danish departments of
pathology. Recent promising results regarding improvement
of Ki67 reproducibility by computer assisted image analysis
warrants further investigation of this method [28,29]. Also,
this study did not include neither complete subtype classifi-
cation by IHC surrogate markers nor validation by PAM50
gene expression as gold standard. Recent studies have dem-
onstrated that classification of the intrinsic subtypes by
molecular gene expression profiling is superior to classifica-
tion by IHC surrogate markers [30,31].

Consequently, when implemented as part of the surrogate
IHC panel for the intrinsic subtypes the documented incon-
sistency in Ki67 estimation in combination with the lack of
agreement concerning Ki67 thresholds [8,9,20,32] might
course either under- or over treatment on the individual
patient level.

Based on the present study the Scientific Committee of
Pathology in the DBCG concluded that for now Ki67 IHC
index should not be introduced in the DBCG treatment algo-
rithm. Due to the documented level of evidence (1B) the
PAM50 multigene test was included in the national DBCG
guidelines in 2017 and is presently offered to a subset of the
Danish postmenopausal ERþ, HER2 negative breast cancer
patients (www.dbcg.dk) [33,34].

In conclusion, although the study in general showed good
inter-observer agreement according to both ICC and Lights
Kappa, still major discrepancies were identified in especially
the mid-range of observations. The study confirmed the
importance of standardization and validation of procedures

(A) (B)

Figure 4. Ki67 observations done by the assessment and count methods (n¼ 1646). (A) Bland–Altman plot. The variance of the difference between observations is
clearly not constant; hence the suggested limits of agreement (dashed lines) are not meaningful. For ease of interpretation overlapping observations are made vis-
ible by adding random noise. (B) Two-way prediction limits for observations. The regression line (solid line) and the 90% and 95% prediction interval (dashed lines)
are back-transformed from the arcsine-scale. For ease of interpretation overlapping observations are made visible by adding random noise to values observed by
the assessment method.
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prior to implementation of (bio) markers for treatment
guidance in national guidelines (http://www.nordiqc.org/)
[35–37].
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Standardized assessment of tumor-infiltrating lymphocytes in breast cancer: an
evaluation of inter-observer agreement between pathologists
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ABSTRACT
Introduction: In breast cancer, there is a growing body of evidence that tumor-infiltrating lymphocytes
(TILs) may have clinical utility and may be able to direct clinical decisions for subgroups of patients.
Clinical utility is, however, not sufficient for warranting the implementation of a new biomarker in the
routine practice, and evaluation of the analytical validity is needed, including testing the reproducibility
of decentralized assessment of TILs. The aim of this study was to evaluate the inter-observer agree-
ment of TILs assessment using a standardized method, as proposed by the International TILs Working
Group 2014, applied to a cohort of breast cancers reflecting an average breast cancer population.
Material and methods: Stromal TILs were assessed using full slide sections from 124 breast cancers
with varying histology, malignancy grade and ER- and HER2 status. TILs were estimated by nine dedi-
cated breast pathologists using scanned hematoxylin–eosin stainings. TILs results were categorized
using various cutoffs, and the inter-observer agreement was evaluated using the intraclass coefficient
(ICC), Kappa statistics as well as individual overall agreements with the median value of TILs.
Results: Evaluation of TILs led to an ICC of 0.71 (95% CI: 0.65–0.77) corresponding to an acceptable
agreement. Kappa values were in the range of 0.38–0.46 corresponding to a fair to moderate agree-
ment. The individual agreements increased, when using only two categories (‘high’ vs. ‘low’ TILs) and a
cutoff of 50–60%.
Discussion: The results of the present study are in accordance with previous studies, and shows that
the proposed methodology for standardized evaluation of TILs renders an acceptable inter-observer
agreement. The findings, however, indicate that assessment of TILs needs further refinement, and is in
support of the latest St. Gallen Consensus, that routine reporting of TILs for early breast cancer is not
ready for implementation in a clinical setting.
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Introduction

Varying presence of an inflammatory response is observed in
virtually all neoplasms. Since the 1940s, it has been specu-
lated that the inflammatory response in breast cancer could
be associated with prognostic significance, based on the
observation of how medullary carcinomas, often accompa-
nied by a well-pronounced lymphocytic infiltrate, seemed to
be associated with an extremely good prognosis despite an
otherwise low differentiated appearance [1]. Later, lympho-
cytic infiltration has been described as a prognostic variable
in more frequent histological types of breast cancer [2].

In comparison to e.g., malignant melanoma and lung can-
cer, breast cancer is considered non-immunogenic, but espe-
cially triple negative (TNBC) and HER-positive cancers have
been shown to have higher levels of tumor-infiltrating

lymphocytes (TILs) [3], and a clinical impact of TILs in breast
cancers has been shown to be particularly evident in these
subtypes. The prognostic impact of TILs has been proven in
thousands of TNBC [3–5] and HER2 positive cancers [6], and
a linear relationship has been described for TNBC and HER2
positive cancers with a 15–20% reduction in distant metasta-
sis rate and mortality for each 10% increase in TILs [5]. A pre-
dictive impact have also been described, e.g., in the FinHer
study, where patients with HER2 positive tumors with high
TILs levels were found to derive greater benefit from
Trastuzumab than patients with low TILs levels; thus indicat-
ing a positive predictive impact of a preexisting host anti-
tumor immune response [7]. Finally, high level of TILs has
been associated with higher rates of pathological complete
response (pCR) after neoadjuvant chemotherapy [8,9].
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There is as such a growing body of evidence that TILs
have clinical validity and utility in breast cancer and may be
able to direct clinical decisions for a group of patients.
Clinical utility is, however, not sufficient for warranting the
implementation of a new biomarker in the clinical practice,
and a thorough evaluation of the analytical validity is needed
in order to describe the robustness of the test including
accuracy and inter-observer reproducibility [10].

The International TILs Working Group 2014 has formulated
recommendations for evaluation of TILs in breast cancer [11],
and the inter-observer agreement between pathologists in
TILs have been examined for TNBC and HER2 positive cancers
[12,13].

The purpose of this study was to evaluate the inter-
observer agreement of TILs assessment using the standar-
dized method as proposed by the International TILs Working
Group 2014 [11] applied to a cohort of breast cancers reflect-
ing an average breast cancer population, including estrogen
receptor (ER) positive and HER2 negative cancers.

Material and methods

Stromal tumor infiltrating lymphocytes were assessed using
full slide sections from a total number of 124 breast cancers.
The distribution of ER-status, HER2-status, malignancy grade
and histological type of the 124 carcinomas was comparable
to an average Caucasian population (Table 1) [14].

From each formalin fixed, paraffin embedded (FFPE)
block, one full slide, HE-stained section (3 mm thick) were
scanned at 20� magnification using a Nanozoomer 2.0HT
(Hamamatsu Photonics K.K., Hamamatsu City, Japan), and the
scanned sections were uploaded and made available for ana-
lysis using the free downloadable program NDP.view2 by
Hamamatsu. Digitalized HE sections were chosen in order to
facilitate distribution of the material, and evaluation of the
scanned HE-sections was considered comparable to evalu-
ation of the actual glass slides by light-microscopy. The
evaluation was based on the recommendations from the TILs
working group 2014 [11]. In short, TILs encompass both lym-
phocytes and plasma cells. According to the international
recommendations, only stromal TILs within the borders of

the invasive tumor were evaluated, and areas of crush arti-
facts, necrosis, and previous core biopsy sites were excluded.
The estimation was semiquantitative, assessing an average
TILs score in the tumor area for the full section, with no
evaluation of hotspots. TILs were recorded as a continuous
variable, and hereafter, the amount of TILs was categorized
into various 2- or 3 grade categorizations using different cut
offs (A: 0–10%, 11–39%, �40%; B: 0–20%, 21–49%, �50%;
C: <50% vs. �50% or D: <60% vs. �60%). Each TILs value
describes the ‘area of stromal tissue occupied by TILs/total
area of intra-tumoral stromal area’.

Nine dedicated breast pathologists evaluated the sections
independently, and the results from each pathologist were
kept confident with no individual feedback provided to the
participants.

Statistical analysis

Inter-observer agreement for the evaluation of TILs reported
as a continuous score was assessed via the intraclass coeffi-
cient (ICC) calculated using a mixed model. Fleiss kappa val-
ues (adaptation of Cohen’s kappa for 3 or more raters) were
used for assessing the inter-observer agreement, when evalu-
ating TILs as categorical data [15]. Missing values were
replaced by the mean of the measurements for the sample
for calculation of Kappa values and ICC. Finally, a concord-
ance analysis was performed by calculating for each patholo-
gist the overall agreement with the median rating (number
of samples in agreement/total number of samples), and this
was repeated for the four different groupings of TILs (A:
0–10%, 11–39%, �40%; B: 0–20%, 21–49%, �50%; C: <50%
vs. �50% or D: <60% vs. �60%). The kappa values is a com-
monly used method for assessing interrater agreement, and
were designed to take account of the possibility of guessing
[16], but the values are difficult to interpret. Similarly, no
standard values for an acceptable agreement for ICC exist,
but a statistically significant ICC of 0.70 has previously been
used as an endpoint for a successful evaluation of TILs
[12,17]. Percent agreement is a basic measurement of inter-
observer agreement, where the effect of chance in achieving
agreement between raters is not accounted for. It was
decided to report the different measures of inter-observer
agreement in order to clarify the inter-observer variability
from different angles. Statistical analysis was performed using
STATA-version 11.2 (StataCorp, College Station, TX).

Results

The 124 cases evaluated by nine pathologists led to 1107
observations with nine missing values. The mean TILs values
for each observer ranged from 10 to 23%, and some observ-
ers seemed to have a higher individual threshold or scaling
(Supplementary Figure 1 shows the mean and standard devi-
ation of the TILs values for each observer). However, single
outliers also contributed to the inter-observer variability.
Figure 1(A) shows how the observers occasionally reported a
high or a low value in opposition to the rest of the observ-
ers, with a TILs value differing substantially from the mean

Table 1. Histopathological tumor characteristics.

N %

Histology type
Invasive ductal carcinoma 104 84
Invasive lobular carcinoma 16 13
Other types 4 3

Estrogen receptor statusa

Positive 110 89
Negative 13 10
Missing 1 1

HER2 status
Positive 35 28
Negative 83 67
Missing 6 5

Malignancy grade
I 30 24
II 66 53
II 24 19
Missing 4 3

a1% cut off.
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value for that particular sample. Figure 1(B–D) illustrates
three different tumors with varying mean values of TILs.

The ICC was 0.71 (95% CI: 0.65–0.77) (Table 2). The ICC
describes to which degree the variance in the measurements
can be attributed to the actual biological differences in com-
parison to the variance delivered by the fact that different
pathologist rates differently. Interpretation of the obtained
ICC thus means that 71% of the variance in the present
results can be attributed to variance caused by inter-tumoral
differences, but the remaining 29% will be due to artifacts
attributable to inter-observer variability. The pre-specified
endpoint of a statistically significant ICC was not completely
met, since the 95% confidence interval included 0.70.

Kappa values for the different categories of TILs (A:
0–10%, 11–39%, �40%; B: 0–20%, 21–49%, �50%; C: <50%
vs. �50% or D: <60% vs. �60%) were 0.41, 0.36, 0.48 and
0.44, respectively (Table 2). This corresponds to a fair to
moderate agreement according to the criteria by Landis and
Koch [18].

Furthermore, the overall agreement between each observ-
er’s recordings compared to the median value for the sam-
ples was calculated for each of the different categorizations.
The mean value of these overall agreements is listed in
Table 2. The agreements were poorest, when dividing the

TILs into 3-grade categories (0.79 and 0.82, respectively),
whereas the overall agreement for each observer increased
substantially when using only two categories (0.93 and 0.95,
respectively).

For 118/124, both ER and HER2 status were available
(Table 1). For all combinations of ER and HER2, samples with
high as well as low TILs values were found, though ERþ/
HER2– were found to have a lower mean TILs value than the
other subtypes with 95% confidence intervals only overlap-
ping with ERþ/HER2þ samples (Supplementary Table 1).

Discussion

The results of our reproducibility study are in accordance
with two previous studies [12,13], and shows that the inter-
nationally proposed methodology for standardized evaluation
of TILs [11] renders an acceptable agreement among
observers.

Recently, the International Immuno-oncology Biomarker
Working Group conducted two ring studies with the purpose
of evaluating the inter-observer agreement for decentralized
assessment of TILs in a total number of 120 HER2-positive
and TN breast cancers [12]. The pre-specified endpoint
(ICC> 0.7) was not reached with statistical significance (ICC:
0.70; 95% CI: 0.62–0.78), since the 95% confidence interval
did indeed include 0.70, but the agreement was found to be
relatively good. A similar acceptable ICC of 0.62 was found in
a smaller series of 75 TNBC [13]. The presented study is
the first to evaluate the standardized assessment of TILs in
a broader range of breast cancer also encompassing
ERþ/HER2-cancers, and shows an ICC and Kappa values
similar to the previous findings.

The inter-observer variability can be attributed to different
issues as, e.g., different individual thresholds/scaling differen-
ces as could be seen in Supplementary Figure 1. Intra-
tumoral heterogeneity may also contribute to variations in
the recordings, and may especially contribute to presence of

(A) Samples

(D)(C)(B)

mμ 002mμ 002mμ 002

Mean

Obs 1

Obs 8
Obs 3
Obs 2
Obs 9
Obs 6

Obs 4
Obs 5
Obs 7

Figure 1. (A) Heat map showing graphically the individual recordings of TILs sorted in columns from left to right according to ascending mean stromal TILs values
shown in the top row. The rows underneath represents the nine observers recordings arranged from top to bottom according to increasing individual mean values.
Single outliers are represented by, e.g., red pixels among otherwise green or yellow pixels or vice versa. (B) A carcinoma with very low mean TILs level (0.03), (C) a
carcinoma with a mean TILs level around the 50–60% cut off (0.56) and (D) a carcinoma with a high mean TILs level (0.83). The black bars in (B–D) measures
200 mm (HE, original magnification 100�).

Table 2. Interobserver agreement in assessment of tumor-infiltrating lympho-
cytes (TILs).

Intraclass coefficient (ICC) 0.71 (95% CI: 0.65–0.77)
Fleiss’ kappa values
TILs 0–10%, 11–39%, �40% 0.41
TILs 0–20%, 21–49%, �50% 0.36
TILs <50% vs. �50% 0.48
TILs <60% vs. �60% 0.44

Concordance rates
TILs 0–10%, 11–39%, �40% 0.79 (range: 0.60–0.94)
TILs 0–20%, 21–49%, �50% 0.82 (range: 0.54–0.92)
TILs <50% vs. �50% 0.93 (range: 0.81–0.99)
TILs <60% vs. �60% 0.95 (range: 0.77–0.99)
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single outliers. According to the international standardized
guidelines, it is attempted to evaluate the average TILs level
on a full slide section and not concentrate on hot spots. It is,
however, highly likely that the eye is drawn towards hot
spots, which may affect the registration. Lymphocytic infiltra-
tion within a normal lobule or around areas of ductal carcin-
oma in situ within or outside the tumor-area should not be
included in the assessment of TILs, but may erroneously lead
to overestimation of TILs levels. Incorrect registrations may
lead to single outliers, and finally, various tissue components
(apoptosis, individual cell necrosis and stromal fibroblasts,
etc.) may be misinterpreted as TILs. Though the use of immu-
nohistochemical (IHC) stainings may assist in discriminating
between intra-tumoral lymphocytes and other tissue compo-
nents, it is at present not recommended to include IHC in
the assessment.

A more thorough discrimination of the specific subpopula-
tions of TILs and ratio between the various inflammatory cell
types using IHC or gene expression profiling may prove to
have clinical implications in terms of prognosis and predict-
ive value regarding immune-modulating therapy [19], but
evaluation of this aspect was not within the scope of this
study.

The use of digital analysis to optimize the evaluation of
TILs is at present not recommended. It is, however, highly
likely that practice as well as machine learning algorithms
may improve the inter-observer agreement. This was shown
in the 2nd ring-study by Denkert et al. [12], where the repro-
ducibility improved after the introduction of a specifically
designed software program guiding the pathologist to evalu-
ation in predefined screening areas and returning immediate
feedback for each TILs value entered in the system.

The use of digitalized HE-sections could, on the other
hand, be regarded as a weakness in this study, and may
have introduced variations in the evaluation due to factors
related to each observer’s availability of suitable IT-solutions
(resolution of the computer-screen, speed of the internet,
etc.). Furthermore, the quality of each scanned slide may also
have affected the evaluation in a negative way.

In this study, the concordance for each observer was
found to improve substantially, when using a single cut off
(either 50% or 60%), indicating that separation between
tumors with ‘low’ vs. ‘high’ level of TILs may be more repro-
ducible and safer to use in a daily setting. A 50–60% cut off
has been used in several studies, and tumors with high levels
of TILs have been designated ‘lymphocytic predominant’
[3,4,7]. The use of a single cut off could perhaps facilitate the
implementation of TILs assessment in a routine setting. A
weakness of this study is that the vast majority of the tumors
had very low levels of TILs. It would have been preferable to
have a higher number of tumors with TILs levels around the
50–60% cut off level.

The results of this study finally showed that ERþ/HER2
negative tumors had lower mean TILs levels than
HER2þ (and ER�/HER) tumors, and this is in accordance with
other studies [3,20]. However, high levels of TILS (>60%)
were found even among ERþ/HER2– tumors, indicating that
some ERþ/HER2– tumors may also be considered
immunogenic.

A prerequisite for introducing a new biomarker into the
daily clinical practice is that the test – besides being sensi-
tive, specific and reproducible – is robust and preferably as
non-laborious as possible. Considering this, the evaluation of
TILs on HE-section is pragmatic, cost-effective and easy to
implement. One of the strengths of this study is that it is per-
formed on full slide sections, and that the participating
observers represents pathologists situated nationwide and
with various years of experience. The results as such reflect
the variability that can be expected, when performing a
decentralized assessment of TILs in a representative cohort of
breast cancers.

In conclusion, the results of the present study are in
accordance with previous studies, and shows that the pro-
posed methodology for standardized evaluation of TILs ren-
ders an acceptable inter-observer agreement. The agreement
increased when dichotomizing the tumors into samples with
‘high’ or ‘low’ levels of TILs. The findings, however, indicate
that the assessment needs further refinement and support
the latest St. Gallen Consensus [21] that routine reporting of
TILs for early breast cancer is not ready for implementation
in the daily clinical setting.
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Clinical and molecular characterization of BRCA-associated breast cancer: results
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ABSTRACT
Background: In breast cancer (BC) patients a cancer predisposing BRCA1/2 mutation is associated with
adverse tumor characteristics, risk assessment and treatment allocation. We aimed to estimate overall-
(OS) and disease-free survival (DFS) according to tumor characteristics and treatment among women
who within two years of definitive surgery for primary BC were shown to carry a mutation in BRCA1/2 .
Material and methods: From the clinical database of the Danish Breast Cancer Group we included 141
BRCA1 and 96 BRCA2 BC patients. Estrogen receptor and HER2 status were centrally reviewed on paraffin-
embedded tumor tissue. Information on risk reducing surgery was obtained from the Danish Pathology
and Patient Registries and included as time-dependent variables in Cox proportional hazard models.
Results: Ten-year OS and DFS for BRCA1 BC patients were 78% (95% CI 69–85) and 74% (95% CI
64–81). Ten-year OS and DFS for BRCA2 BC were 88% (95% CI 78–94) and 84% (95% CI 74–91). BRCA1
BC patients as compared to BRCA2 BC patients had a higher risk of BC relapse or non-breast cancer
within ten years of follow-up, independent of ER status (adjusted HR 2.78 95% CI 1.28–6.05, p¼ .01),
but BRCA mutation was not associated with OS (adjusted HR 1.98, 95% CI 0.87–4.52, p¼ .10). In multi-
variate analysis, including both BRCA1 and BRCA2 carriers, no chemotherapy was associated with a
higher risk of death (adjusted OS HR 3.58, 95% CI 1.29–9.97, p¼ .01) and risk reducing contralateral
mastectomy (RRCM) was associated with a significantly reduced risk of death (adjusted OS HR 0.42,
95% CI ¼0.21–0.84, p¼ .01).
Conclusion: Difference in OS between BRCA1 and BRCA2 BC patients could be ascribed to tumor-biol-
ogy. BRCA1 BC patients may have a shorter ten-year DFS than BRCA2 BC patients. Chemotherapy and
risk reducing contralateral mastectomy reduce mortality for both BRCA1 and BRCA2 BC patients.
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Background

In around 80% of BRCA carriers, breast cancers (BC) will be
high grade invasive ductal carcinomas of no special type
(NST) [1–3]. Medullary features and abundance of lympho-
cytes in the tumor-microenvironment is more often present
in BRCA1 carriers and less than 25% express estrogen (ER) or
progesterone receptors (PR) and only around 10% express
human epidermal growth factor receptor 2 (HER2) [4,5]. The
majority of BRCA2 BCs are ER/PR positive. Compared with
sporadic BC a higher proportion are high grade but without
other histopathological characteristics different from sporadic
BC [4,5]. Identification of a cancer predisposing BRCA muta-
tion at the diagnosis of BC may influence decisions about
treatment and cancer prophylaxis. Recent moderate-sized
population-based studies have shown a higher mortality in
BRCA BC patients if chemotherapy is omitted, indicating that
allocation of chemotherapy by standard guidelines have not
been optimal for this subgroup of BC patients [6,7].

However, risk reducing salpingo-oophorectomy (RRSO) and
risk reducing contralateral mastectomy (RRCM) are recom-
mended in BRCA1/2 mutation carriers since they are associ-
ated with reduced risk of BC and ovarian cancer and a better
overall survival (OS) [8].

Here we report ten-year survival estimates and associates
of treatment-, patient- and tumor characteristics with survival
in a large cohort of BRCA1/2 BC patients with detailed pro-
spectively collected clinical data from the national database
of The Danish Breast Cancer Group (DBCG).

Method and materials

Patients

The Danish Data Protection Agency (2009-41-3611) and the
Danish Ethical Committee (registration number 33483)
approved the study.

CONTACT Ida Marie Heeholm Soenderstrup idms@regionsjaelland.dk Department of Surgical Pathology, Zealand University Hospital, Ingemannsvej 48,
4200 Slagelse, Denmark
� 2017 Acta Oncologica Foundation

ACTA ONCOLOGICA, 2018
VOL. 57, NO. 1, 95–101
https://doi.org/10.1080/0284186X.2017.1398415

D
ow

nl
oa

de
d 

by
 [S

ta
ts

bi
bl

io
te

ke
t T

id
ss

kr
ift

af
de

lin
g]

 a
t 0

5:
11

 0
6 

Ja
nu

ar
y 

20
18

 



Danish patients are registered for health care and adminis-
trative purposes by a unique personal identification number
(CPR) in national clinical medical registries [9]. The CPR was
used to cross-link information from registries. Hospital admis-
sions, outpatients, surgery and diagnosis have been regis-
tered in The Danish National Patients Registry (DNPR) [10]
since 1977, pathological procedures in the Danish Pathology
Register (DPR) since 1997 [11] and cancer incidences in The
Danish Cancer Registry (CR) since 1943 [12]. Since 1977,
Danish women with primary BC have been registered in the
DBCG database including prospectively registered clinical
data. Family history of breast- and ovarian cancer was added
in the Hereditary Breast and Ovarian Cancer (HBOC) register
in 1999 [13]. Patients suspected to carry a high-risk mutation
and referred for genetic counseling were registered with a
unique family-number. National guidelines from 2001 pro-
posed referral for genetic counseling in families with two
first-degree relatives with BC under the age of fifty or ovarian
cancer, three first degree relatives with BC, breast and ovar-
ian cancer in the same individual and male BC. For high-risk
patients undergoing mutational screening, the finding of a
deleterious BRCA1/2 mutation was subsequently registered
[14,15].

By standard clinical guidelines [16] early stage I–III BC
patients undergo mastectomy or breast-conserving surgery
and SN procedure if clinical node-negative, followed by radi-
ation therapy and adjuvant systemic treatment. Patients older
than 60 at diagnosis with small tumor size (�10mm), node
negative, ER positive (�10%), HER2 negative and grade I duc-
tal or grade I–II lobular tumors are classified as low risk and
not eligible for systemic treatment. This group amounts to
approximately 8% and consequently approximately 90% of
early BC patients receives systemic treatment. Trastuzumab
was introduced in 2005 [17] and taxanes in 2007 [18]. Over
time, surgery has become less extensive with breast-conserv-
ing surgery, smaller margins and introduction of the SN pro-
cedure in 2001 [17,19]. However, primary mastectomy was
recommended since 2001 in BC patients with BRCA1/2 muta-
tion [14].

Patients had clinical follow-up every three months, the first
year after BC, every sixth months, two to five years after BC
and once a year, 6–10 years after BC or until a first event.
Death before clinical follow-up, distant- or local relapse,
contralateral BC or non-breast cancer were registered as an
event.

BRCA1/2 mutational status was updated until July 2011
and BC surgery until February 2012. Data on clinical follow-
up, vital status, treatment, surgery and pathology were
updated until September 2016. Information about vital status
by linkage to the Danish Civil Registration System [9] is com-
plete until September 2016.

Patients were excluded if they had BRCA1/2 mutation
screening performed more than two years after date of
definitive surgery for primary BC, if they had stage four dis-
ease at diagnosis, previous malignant disease (other than
non-melanoma skin cancer) or no clinical follow-up.

RRSO was defined as removal of both ovaries. RRCM was
defined as bilateral mastectomy before BC diagnosis, bilateral
mastectomy after primary breast-conserving surgery or

contralateral mastectomy after primary ipsilateral mastectomy.
Dates of operation for RRSO and RRCM were retrieved from
DNPR by searching ICD8/ICD10 codes for prophylactic proce-
dures combined with codes for surgical removal of ovaries or
mastectomy. Search in DPR was performed during April and
May 2017 to review pathology reports from all patients not
found to have risk reducing surgery in DNPR, if there was
uncertainty of indication for mastectomy/salpingo-oophorec-
tomy or uncertainty about ‘site’ of RRSO/RRCM. Mastectomy
or salpingo-oophorectomy associated with a malignant diag-
nosis were not considered. If no information was found in the
registers, we assumed the patient did not have risk reducing
surgery. Information on other malignancy during follow-up
was registered in the DBCG database, however date of pri-
mary ovarian-, fallopian tube- or peritoneal cancer during and
after end of clinical follow-up was retrieved from CR. Data
from CR were updated until 31 December 2014.

Among 1507 BRCA1/2 mutation carriers, 597 were diag-
nosed with primary invasive BC and 583 had definitive sur-
gery. Median time from BC to BRCA testing was 0.7 years
(240 days and 251 days for BRCA1 and BRCA2, respectively).
Forty-three patients were tested before BC diagnosis (twenty-
seven BRCA1 and sixteen BRCA2). In 285 patients the BRCA1/2
mutational screening was performed less than two years after
surgery. Three patients with stage IV disease, eighteen with
previous malignancy and twenty-seven patients with no clin-
ical follow-up were excluded, resulting in 237 BC patients
with a BRCA1/2 mutation (141 BRCA1 and 96 BRCA2) included
for survival analysis (Figure 1).

BRCA1/2 screening

BRCA1/2 mutational screening was offered as a diagnostic
test from 1997 in East Denmark and from 1999 in Western
Denmark. BRCA1/2 mutation screening and mutation variant
classification was performed in three centers as previously
described [20]. Methods used were denaturing high perform-
ance liquid chromatography or temperature gradient electro-
phoresis and protein truncation test. Validation was
performed with Sanger sequencing, or Sanger sequencing
and multiplex ligation-dependent probe amplification.

IHC/ISH analysis and tumor morphology

Immunohistochemical (IHC) and in situ hybridization analysis
was performed on formalin-fixed paraffin-embedded (FFPE)
tumor tissue to obtain accurate ER and HER2 status. FFPE
blocks with primary BC tissue were collected from Danish
pathology departments. IHC and ISH analysis were performed
on tissue-micro-arrays (TMA) with up to four 1.5mm cores
from each tumor. Four micrometer sections from TMA blocks
were stained with validated antibodies for ER (clone SP1 RTU
with visualization system Ultraview or Optiview, Ventana) and
HER2 (clone 4B5 RTU, visualization system Ultraview,
Ventana). The tumor was reported as ER positive if �1% of
positive nuclear staining. HER2 IHC was scored according to
standardized guidelines [21]. In HER2 equivocal cases, HER2
gene amplification was determined with a gene-protein assay
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(INFORM Dual ISH DNA Probe cocktail, Ventana) and scored
according to guidelines [21]. Malignancy grade and histo-
logical subtype were determined with standard light micros-
copy on full-size four micrometer sections from HE
stained FFPE tumor sections. Grading was performed accord-
ing to the modified Bloom-Richardson-Elston system [22] and
histological subtype according to WHO classification of
tumors [23].

Statistical analysis

Disease-free survival (DFS) was defined as the time from
definitive BC surgery to invasive loco-regional recurrence, dis-
tant metastasis, contralateral invasive breast cancer, second
primary non-breast invasive cancer or death irrespective of
cause. Overall survival was calculated as elapsed time from
BC surgery to death. DFS and OS were analyzed unadjusted
by the Kaplan-Meier method and the log-rank test to com-
pare groups. Considering contralateral BC, local- and distant
relapse and death as first event competing events, ten-year
cumulative incidence of non-breast cancer was calculated in
competing risk analysis.

Hazard ratios (HR) were estimated from the Cox propor-
tional hazard regression model to quantify effects and to
explore interactions. The assumption of proportional hazards
(PH) was tested by plotting Schoenfeld residuals against time
and by testing correlation between ranked failure times and
Schoenfeld residuals. A time-dependent component was
included for ER status to comply with proportional hazards.
BRCA status (BRCA1 vs. BRCA2), ER status (positive vs. nega-
tive), positive lymph node metastases (no vs. yes), adjuvant
chemotherapy (yes vs. no) and RRCM were included in multi-
variate analysis. RRSO and RRCM were included as time-
dependent covariates. Missing values were imputed with the
most frequent value in the remaining patients. Sensitivity
analysis was performed with a model where patients with
missing values were excluded and the resulting hazard ratios
were not significantly different. We used two-sided p value
with 5% significance level.

Differences of distribution of patient and tumor character-
istics between subgroups were assessed with Chi-square test
or Fishers exact test where appropriate.

Results

Treatment, patient- and tumor-characteristics are presented
in Table 1. ER, PR and HER2 status were obtained from the
central pathology review or retrieved from DBCG clinical
database (ER in ten and HER2 in eight patients). Mean age at
diagnosis was 42 and 46 years for BRCA1 and BRCA2 carriers,
respectively. The majority were premenopausal at diagnosis
with invasive ductal and HER2 negative tumors. BRCA1
tumors were ER negative/TN in contrary to BRCA2 tumors
which were mainly ER positive. The majority of BRCA1 tumors
were high grade and lymph node negative while almost two
thirds of BRCA2 patients were lymph node positive. A mast-
ectomy was the primary surgery in just over half irrespective
of the involved gene but the uptake on RRCM was somewhat
higher in BRCA1 carriers (Table 1). The vast majority received
adjuvant chemotherapy and RRSO. Median time to RRSO and
RRCM after BC surgery was 1.3 and 1.6 years (minimum 12
and zero days respectively to maximum 10.6 years) for both
BRCA1 and BRCA2 patients, respectively.

Median potential follow-up time for OS and DFS was 9.01
(BRCA1 9.01, BRCA2 8.52) and 7.15 years (BRCA1 7.02, BRCA2
7.15), respectively. Of BRCA1 patients, eighteen (13%) had
local- or distant recurrence, five (4%) had contralateral breast
cancer, three died before follow-up (2%) and seven had non-
breast cancer (5%). Nine (9%) BRCA2 patients had local- or
distant relapse, one died before clinical follow-up (1%) and
two had non-breast cancer (2%). Ten-year cumulative inci-
dence of local- or distant relapse, contralateral BC and death
as first event or non-breast cancer was 19.0 (95%CI 13–27)
and 6.9% (95% CI 2.9–13.4) for BRCA1 and 13.4 (95% CI
6.6–22.6) and 2.2% (95% CI 0.4–7.0) for BRCA2 carriers,
respectively. A higher proportion of events in BRCA1 carriers
were non-breast cancer (36%) compared to BRCA2
carriers (16%). Two patients had ovarian cancer, both BRCA1
carriers. Cancers other than BC and ovarian cancer were lung
cancer (one BRCA2 carrier), gastrointestinal cancer (two
BRCA1 carriers, one BRCA2 carrier), malignant melanoma (two
BRCA1 carriers) and unknown type (one BRCA1 carrier). DFS
was significantly worse in BRCA1 compared to BRCA2 carriers
(Figure 2, Table 3) and adjusted for lymph node status,
adjuvant chemotherapy and RRCM, BRCA1 mutation was

Figure 1: Patients flowchart.
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associated with a significantly higher hazard (HR 2.90 95% CI
1.4–5.9, p¼ .003). When ER was included in the model the
association was still significant (HR 2.78 95% CI 1.28–6.05,
p¼ .01). BRCA1/2 status was not statistical significantly associ-
ated with higher risk of death, however a trend towards
worse OS was observed.

RRCM was not statistical significantly associated with DFS,
however, significantly lower risk of death was observed in
both unadjusted and adjusted analysis. Eighteen percent of
patients that did not have RRCM versus three percent of
patients that did, were older than 60 years at BC diagnosis.

Of patients who had previously undergone RRSO, one
patient was diagnosed with primary peritoneal cancer 14.6
years after. One patient with intact ovaries had ovarian can-
cer. There were no incidences of ovarian cancer after an
event of relapse or contralateral BC. No association of RRSO
with DFS or OS was observed in univariate analysis.

Patients not treated with chemotherapy showed a trend
towards worse outcome for both DFS and OS (Table 2 and
Figure 2) and in multivariable analysis a statistical significant
effect was seen for OS, with a similar trend for DFS although
not significant (p¼ .06; Table 3). Patients not treated with
chemotherapy were >10% ER positive postmenopausal and
over 50 years, except one 48-year old premenopausal
patient.

Discussion

In this nationwide study of BRCA-associated BCs in Denmark,
BRCA1 carriers were shown to have a significantly shorter
DFS compared to BRCA2 carriers after primary BC surgery.
The majority underwent RRSO and around half RRCM after
BC diagnosis. Risk reducing contralateral mastectomy signifi-
cantly improved survival, but not RRSO. RRCM was associated
with a more than 50 percent reduction in risk of death. The
uptake of RRCM has increased through the years and our
results confirm that BRCA1/2 positive BC patients benefits
from RRCM after BC. However, patients not undergoing
RRCM were older, which of course influences OS and age

Table 1. Patient and tumor characteristics.

Patients

BRCA1 BRCA2

n % n %
Variable 141 59 96 41

Age
18–39 66 47 31 32
40–60 62 44 52 54
>60 13 9 13 14

Year of diagnosis
1998–1999 1 1 1 1
2000–2004 29 21 20 21
2005–2009 86 61 58 60
2010–2011 25 18 17 18

Menopausal status at diagnosis
Premenopausal 111 79 64 67
Postmenopausal 29 21 32 33
Unknown 1 1 0 0

Histology
Ductal 129 91 85 89
Lobular 0 0 5 5
Other 12 9 6 6

Tumor size
�10mm 19 13 17 18
11–20mm 64 45 40 42
21–50mm 56 40 36 38
>50mm 2 1 3 3

Grade
1 3 2 8 8
2 29 21 40 42
3 97 69 41 43
Non-ductal/non-lobular histology 12 9 6 6
Missing 0 0 1 1

Positive lymph nodes
0 82 58 34 35
1–3 positive 41 29 47 49
� 4 positive 18 13 14 15
Unknown 0 0 1 1

Bilateral breast cancer
Yes 2 1 3 3
No 136 97 92 96
Unknown 3 2 1 1

ER status
Positive 44 31 76 79
Negative 97 69 20 21

PR status
Positive 35 25 67 70
Negative 106 75 29 30

HER2 status
Positive 6 4 6 6
Negative 134 95 89 93
Unknown 1 1 1 1

TN
Yes 91 65 19 20
No 50 35 77 80

Surgery
Mastectomy 76 54 54 56
Breast conserving surgery 65 46 42 44

Systemic therapy
None 2 1 1 1
Chemotherapy alone 106 75 23 24
Chemotherapy and endocrine therapy 28 20 59 61
Endocrine therapy alone 5 4 13 14

Radiation therapy
Yes 84 60 72 75
No 42 30 16 17
Unknown 15 11 8 8

RRCM
Yes 95 67 52 54
No 46 33 44 46

RRSO
Yes 132 94 90 94
No 9 6 6 6

(continued)

Table 1. Continued

Patients

BRCA1 BRCA2

n % n %
Variable 141 59 96 41

RRCM only
Before BC surgery 0 0 0 0
�2 years after BC surgery 3 2 1 1
>2 years after BC surgery 2 1 0 0

RRSO only
Before BC surgery 3 2 6 6
�2 years after BC surgery 26 18 28 29
>2 years after BC surgery 13 9 5 5

RRSO and RRCM
Before BC surgery 1 1 0 0
�2 years after BC surgery 66 47 33 34
>2 years after BC surgery 23 16 18 19

ER: estrogen receptor; HER2: human epidermal growth factor Receptor 2; PR:
progesterone receptor; TN: triple negative, RRCM: risk reducing contralateral
mastectomy; RRSO: risk reducing salpingo-oophorectomy.
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could have confounded the results to some extent.
There was no association with DFS which is surprising since
RRCM is associated with and mediated by lower risk of
contralateral BC [8]. Finally, omission of chemotherapy was in
this cohort of BRCA carriers with BC patients associated with
a higher mortality.

A strength of our study is that clinical data were regis-
tered prospectively with detailed information on treatment
and follow-up. Secondly we did central review of ER and
HER2 status on tissue from 99% of all patients included,

resulting in ER/HER2 status with standardized methods.
Thirdly we retrieved information on the individual level from
the DNPR and DPR registries containing complete informa-
tion on risk reducing surgery.

There are limitations in the sense that even a nationwide
study is restricted by sample size. The study-design contains
a potential risk of bias however, we restricted the risk of lon-
gevity bias by excluding patients identified as a BRCA carrier
more than two years after BC diagnosis. Our study was at
risk of selection bias as BRCA mutation screening was limited

(a) (b)

(c) (d)

Figure 2: (a,b) DFS and OS according to BRCA1/2 status; (c,d) Disease free- and overall survival according to adjuvant treatment with or without chemotherapy.

ACTA ONCOLOGICA 99

D
ow

nl
oa

de
d 

by
 [S

ta
ts

bi
bl

io
te

ke
t T

id
ss

kr
ift

af
de

lin
g]

 a
t 0

5:
11

 0
6 

Ja
nu

ar
y 

20
18

 



by patient and family characteristics and to some extent by
patients own choice of genetic counseling. Although our
study urge caution when omission of adjuvant chemotherapy
is considered, we are unable to estimate to what extent this
could reduce mortality. We have previously, however, shown
a corresponding excess mortality if adjuvant chemotherapy is
omitted in patients with sporadic BC where individual trials
and meta-analysis have demonstrated a benefit from chemo-
therapy [24,25].

Because of the rarity of germline BRCA1/2 mutations in
BC [26,27], several survival studies have been conducted
retrospectively and in smaller cohorts influenced by biases
[28,29]. Higher quality studies in larger BRCA1/2 and popula-
tion-based cohorts, with limited selection and longevity
bias, have been reported more recently; Huzarski et al. [30]
reported an independent and worse prognostic association
of BRCA1 status with survival and a trend towards better
survival after chemotherapy (HR 0.42 95% CI 0.12–1.5,
p¼ .18) in BRCA1 carriers compared to sporadic BCs.
Goodwin et al. [6] found a significantly higher risk associ-
ated with no chemotherapy treatment in BRCA2 versus
sporadic BCs (HR 3.62 95% CI 1.46–8.99, p¼ .01) and simi-
larly Jonasson et al. [7] reported that among patients not
treated with chemotherapy, BRCA2 mutation was associated
with an increased risk (HR 2.38, 95% CI 1.31–4.34, p¼ .005).
This was not shown in the chemotherapy treated group
indicating that BRCA2 BC patients derived larger benefit
from chemotherapy. In summary these results are a strong
indication of higher benefit from chemotherapy in BRCA

BCs and for inclusion of BRCA mutation as a criteria for
chemotherapy treatment. However, if these results are spe-
cific for the afore mentioned, founder mutations and age-
groups, should be considered.

In conclusion, BRCA mutation type may influence risk of
relapse, contralateral BC and incidence of other malignancy,

Table 2. Ten-year OS and DFS according to tumor- and patient characteristics.

BRCA1/2

OS DFS
10 year, % (95% CI) 10 year, % (95% CI)

All 82 (76–87) 78 (71–83)
BRCA mutation
2 88 (78–94) 84 (74–91)
1 78 (69–85) 74 (64–81)

ER
Positive 85 (75–91) 79 (68–86)
Negative 80 (70–87) 77 (67–84)

HER2
Negative 82 (76–88) 79 (72–84)
Positive 83 (46–95) 64 (30–85)

TN
No 85 (75–91) 78 (69–85)
Yes 80 (70–87) 77 (67–85)

Positive lymph nodes
No 86 (76–92) 82 (72–89)
Yes 79 (69–86) 73 (64–81)

Tumor size
0–20mm 87 (79–92) 80 (70–86)
>20mm 75 (63–84) 75 (65–83)

Grade
1 83 (27–97) 86 (33–98)
2 82 (66–91) 80 (68–88)
3 82 (73–88) 75 (66–82)
Not ductal/lobular 89 (64–97) 88 (61–97)

Chemotherapy
No 74 (49–89) 67(39–84)
Yes 83 (76–88) 79 (72–85)

ER: estrogen receptor; HER2: human epidermal growth factor receptor 2; TN:
triple negative; OS: overall survival; DFS: disease free survival.

Table 3. Prognostic impact of tumor- and patient characteristics.

Overall survival

Univariate Multivariate

HR (95% CI) p value HR (95% CI) p value

BRCA mutation
2
1

1
1.87 (0.91–3.87)

.09 1
1.98 (0.87–4.52)

.10

ER< seven years follow-up
Positive
Negative

1
2.3 (1.05–5.15)

.03 1
2.81 (1.09–7.27)

.03

ER> seven years follow-up
Positive
Negative

1
0.5 (0.13–2.06)

.33
–

–

HER2
Negative
Positive

1
0.91 (0.22–3.82)

.90
–

–

Positive lymph nodes
No
Yes

1
1.54 (0.79–3.00)

.20 1
1.86 (0.94–3.68)

.08

Tumor size
0–20mm
>20mm

1
1.84 (0.96–3.52)

.07
–

–

Chemotherapy
Yes
No

1
1.86 (0.77–4.47)

.20 1
3.58 (1.29–9.97)

.01

RRCM
No
Yes

1
0.43 (0.22-0.85)

.01 1
0.42 (0.21–0.84)

.01

RRSO
No
Yes

1
0.74 (0.29–1.89)

.54

Disease free survival

BRCA mutation
2
1

1
2.02 (1.04–3.90)

.04 1
2.78 (1.28–6.05)

.01

ER< seven years follow-up
Positive
Negative

1
1.36 (0.74–2.50)

.32 1
1.11 (0.53–2.30)

.79

ER> seven years follow-up
Positive
Negative

1
0.61(0.05–6.91)

.69
–

–

HER2
Negative
Positive

1
1.67 (0.60–4.66)

.36
–

–

Positive lymph nodes
No
Yes

1
1.66 (0.91–3.03)

.10 1
2.14 (1.14–4.00)

.02

Tumor size
0–20mm
>20mm

1
1.41 (0.79–2.54)

.25
–

–

Chemotherapy
Yes
No

1
1.64 (0.69–3.88)

.29 1
2.48 (0.95–6.48)

.06

RRCM
No
Yes

1
0.72 (0.39–1.32)

.28 1
0.70 (0.38–1.29)

.25

RRSO
No
Yes

1
0.91 (0.42–2.00)

.82 – –

ER: estrogen receptor; HER2: human epidermal growth factor Receptor 2; PR:
progesterone receptor; TN: triple negative, RRCM: risk reducing contralateral
mastectomy; RRSO: risk reducing salpingo-oophorectomy.
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but not mortality. Risk reducing contralateral mastectomy
was associated with a clear survival benefit. Investigation of
interaction between BRCA carrier status and effect of chemo-
therapy is out of the scope of this study and would require a
comparable control group. However, results are in line with
previous reports of the highly beneficial effect of chemother-
apy in BRCA BC patients.
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Influence of intra-tumoral heterogeneity on the evaluation of BCL2, E-cadherin,
EGFR, EMMPRIN, and Ki-67 expression in tissue microarrays from breast cancer
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ABSTRACT
Introduction: The influence of intra-tumoral heterogeneity on the evaluation of immunohistochemical
(IHC) biomarker expression may affect the analytical validity of new biomarkers substantially and hence
compromise the clinical utility. The aim of this study was to examine the influence of intra-tumoral het-
erogeneity as well as inter-observer variability on the evaluation of various IHC markers with potential
prognostic impact in breast cancer (BCL2, E-cadherin, EGFR, EMMPRIN and Ki-67).
Material and methods: From each of 27 breast cancer patients, two tumor-containing paraffin blocks
were chosen. Intra-tumoral heterogeneity was evaluated (1) within a single tumor-containing paraffin
block (‘intra-block agreement’) by comparing information from a central, a peripheral tissue microarray
(TMA) core and a whole slide section (WS), (2) between two different tumor-containing blocks from
the same primary tumor (‘inter-block agreement’) by comparing information from TMA cores (central/
peripheral) and WS. IHC markers on WS and TMA cores were evaluated by two observers independ-
ently, and agreements were estimated by Kappa statistics.
Results: For BCL2, E-cadherin and EGFR, an almost perfect intra- and inter-block agreement was found.
EMMPRIN and Ki-67 showed a more heterogeneous expression with moderate to substantial intra-block
agreements. For both stainings, there was a moderate inter-block agreement that improved slightly for
EMMPRIN, when using WS instead of TMA cores. Inter-observer agreements were found to be almost
perfect for BCL2, E-cadherin and EGFR (WS: j> 0.82, TMAs: j> 0.90), substantial for EMMPRIN
(j> 0.63), but only fair to moderate for Ki-67 (WS: j¼ 0.54, TMAs: j¼ 0.33).
Conclusions: BCL2, E-cadherin and EGFR were found to be homogeneously expressed, whereas
EMMPRIN and Ki-67 showed a more pronounced degree of intra-tumoral heterogeneity. The results
emphasize the importance of securing the analytical validity of new biomarkers by examining the
intra-tumoral heterogeneity of immunohistochemical stainings applied to TMA cores individually in
each type of cancer.
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Introduction

Individualizing cancer therapy is the pivot of current cancer
research, and large scale gene-expression analyses are carried
out in the search for potential prognostic and predictive bio-
markers. Immunohistochemical (IHC) stainings, highlighting
protein expression, represent an economical and readily
available alternative to gene expression analysis, and may
potentially aid the integration of new prognostic/predictive
markers into the daily clinical practice in an easy and stand-
ardized way. Studies encompassing large number of patients
are, however, necessary to corroborate the actual relevance
of the different markers in order to secure the clinical valid-
ity. The tissue microarray (TMA) procedure, examining mul-
tiple tiny paraffin-embedded tumor biopsies, facilitates
analysis of such large-scaled IHC studies [1] and reduces the
expenses. One of the most frequently presented concerns,
when using TMAs instead of whole slide sections (WS), is
that the small-sized TMA cores may not be representative for

the tumor bulk [2–4]. The influence of intra-tumoral hetero-
geniety on the evaluation of biomarker expression may thus
affect the analytical validity of the biomarker and hence the
clinical utility. Publications on biomarkers differ, nevertheless,
substantially in the use of either WS or TMAs, and when
TMAs are used, it is often not well-described, which area of
the tumor the TMA core has been sampled from (e.g., inva-
sive front or center of tumor). We have previously shown a
fine agreement between central TMA cores and WS for the
estrogen receptor and the HER-2 receptor, as well as an
acceptable agreement for the progesterone receptor and for
carbonic anhydrase 9 after staining just a single central or
peripheral TMA core biopsy [5,6].

In this study, we have examined a larger panel of bio-
markers with potential prognostic value in breast cancer
(BCL2, E-cadherin, EGFR, EMMPRIN, and Ki-67), using both
TMAs and WS in order to examine the influence of intra-
tumoral heterogenity on the interpretation of these markers.
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B-cell lymphoma 2 (BCL2) is an anti-apoptosis protein shown
to be of independent prognostic value in breast cancer [7].
BCL2 is an estrogen responsive gene and the prognostic role
may be subtype specific [8]. Previous studies showing the
prognostic value of BCL2 have used either WS [8] or TMAs
[9]. E-cadherin is an adhesion molecule, which is absent in
the majority of invasive lobular carcinomas of the breast. In
invasive ductal carcinomas, loss of E-cadherin may be an
independent, negative prognostic indicator [10]. EGFR expres-
sion is linked to especially triple negative breast cancer
(TNBC)/basal-like tumors, and has been found to be associ-
ated with an inferior prognosis [11]. The presence of EGFR
overexpression may represent a potential target in TNBC, but
the frequency of EGFR protein expression as determined by
IHC in TNBC, has been found to vary significantly depending
on, e.g., evaluation technique and antibodies used [12].
EMMPRIN (CD147) is a transmembrane glycoprotein of the
immunoglobulin superfamily, and overexpression has been
found to be associated with an invasive phenotype as well as
with metastasis in various types of cancers, including sub-
types of breast cancer [13]. The expression has, however,
been found to be heterogeneous [14]. The assessment of
tumor proliferation through immunhistochemical detection
of Ki-67 has been practiced for many years, but the clinical
utility of this biomarker and its prognostic value is compli-
cated by the lack of a standardized procedure for assessment
[15]. Ki-67 has, nevertheless, become a key player, when dis-
cussing breast cancer prognosis.

The aim of this study was to examine the influence of
intra-tumoral heterogeneity and inter-observer agreement on
the evaluation of various IHC markers with potential prognos-
tic impact in breast cancer (BCL2, E-cadherin, EGFR,
EMMPRIN, and Ki-67). Intra-tumoral heterogeneity was eval-
uated as ‘intra-block agreement’ by comparing the informa-
tion from a central, a peripheral TMA core and a WS within a
single tumor-containing paraffin block, and as ‘inter-block’
agreement by comparing information from TMA cores
(central/peripheral) and WS between two different tumor-
containing paraffin blocks from the same primary tumor.
Finally, inter-observer agreement was calculated for WS and
TMA cores, independently evaluated by two observers.

Materials and methods

The study material encompassed tumor-containing, formalin-
fixed, paraffin blocks (FFPE) from 27 patients diagnosed with
breast cancer in 1992–1993, as described in detail elsewhere
[5]. The histological subtypes included invasive ductal carci-
nomas (N¼ 22) as well as invasive lobular carcinomas (N¼ 5).
From each patient, two FFPE blocks were sampled, sliced,
and stained with hematoxylin and eosin. Invasive carcinoma
in the block was verified and marked, and from the invasive
areas one 1mm core was taken from the tumors central and
peripheral compartments, respectively, and transferred to
recipient TMA blocks. Four micrometer thick sections were
cut from the TMA recipient blocks and the original donor
blocks (supplementary Figure 1). Sections were immunohisto-
chemically stained for BCL2, E-cadherin, EGFR, EMMPRIN and

Ki-67 (supplementary Table 1 includes information on anti-
bodies and staining procedures). Sections from other breast
tumors, previously defined as positive, when stained with the
respective antibodies, were additionally stained with and
without the primary antibody and served as positive and
negative controls.

For the individual stainings, percentage of invasive tumor
with cytoplasmic BCL2 staining, membranous E-cadherin,
EGFR and EMMPRIN, and nuclear Ki-67 were recorded, as was
intensity (on a scale from 0 to 3). All sections were scored
semi-quantitatively by two observers (MK and TT or MK and
FBS). Afterwards, scores from all six stainings were dichotom-
ized into positive and negative. The cut off used for distin-
guishing between negative and positive samples was 10%
(with any intensity) for BCL2, E-cadherin, EGFR, and
EMMPRIN, according to previous publications [8,16–18]. An
optimal cut off point for Ki-67 has been widely discussed,
but in this study a tumor was defined as positive (‘high
expression’), if at least 20% of invasive tumor nuclei stained
with any intensity according to the St. Gallen consensus 2013
[19]. The percentages were recorded semi-quantitatively as
an average of invasive tumor cells with positive reaction in
comparison to invasive tumor cells in total.

Statistics

Inter-observer agreements and intra-observer agreements
within as well as between tumor containing blocks and TMA
cores are expressed as Kappa coefficients. Kappa statistics is
explained as the chance-corrected proportional agreement,
and possible values range fromþ1 (perfect agreement) via 0
(no agreement above that expected by chance) to –1 (com-
plete disagreement). A rough interpretation of Kappa values
rates<þ0.2 as poor,þ0.2 toþ0.4 as fair,þ0.4 toþ0.6 as
moderate,þ0.6 toþ0.8 as substantial, andþ0.8 toþ1.0 as
almost perfect agreement [20]. Calculations were performed
using Stata 15.0.

Results

The frequency of positive tumors varied for the different
markers (Figure 1). On average, including all three cores and
sections for both blocks and for both observers for 27
patients (N¼ 324), 223 out of 306 (73%) of the samples were
positive for BCL2. For the other markers, the frequencies of
positive tumors were E-cadherin: 73% (219/301), EGFR 19%
(58/302), EMMPRIN: 58% (165/286), and Ki67: 43% (133/311).

To evaluate intra- and inter-block agreements as well as
inter-observer agreements, Kappa values were calculated for
various comparisons as listed in Table 1. Comparisons were
mainly performed between individual cores and sections. In
some cases, a cumulated score was used for the TMA cores
of a single block, scoring the sample as positive if either or
both the central or the peripheral core was positive (listed as
‘centralþperipheral’ in Table 1).

In general, BCL2, E-cadherin and EGFR were found to be
homogeneously expressed, and showed little intra-tumoral
variation within and between blocks. The Kappa values for
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comparison between central and peripheral TMA cores within
a single block exceeded 0.81 corresponding to almost perfect
agreement, and agreement between cores (central or periph-
eral) and WS were very high for E-cadherin and substantial
to almost perfect for BCL2 and EGFR. The agreements for the
three stainings did not increase further, when cumulating the
central and the peripheral TMA core and comparing to the
corresponding WS from the same tumor-containing paraffin
block. For BCL2 and E-cadherin, there was in general a very
high inter-block agreement, using either TMA cores or WS,
whereas the agreement between information from WS from
two different blocks were slightly lower but still substantial
for EGFR. A very high inter-observer agreement was further
found for BCL2, E-cadherin and EGFR, using either TMAs or
WS, with Kappa values in the almost perfect range.

For EMMPRIN, intra-tumoral heterogeneity did, however,
affect the expression on IHC with considerable intra- as well
as inter-block variation. Figure 1 indicates that the expression
of EMMPRIN was higher in cores taken from the periphery of
the tumor as compared to cores from the center, and the
Kappa values for comparison between the central and the
peripheral TMA cores within the blocks were in the moderate
range. Figure 1 further indicates that a higher percentage of
positive cases were found, when evaluating WS as compared
to TMA cores. Agreement between cores (central or periph-
eral) and corresponding WS were, however, found to be sub-
stantial for observer 1, but only moderate for observer 2.

When cumulating the central and the peripheral TMA core
and comparing to a WS, the Kappa values increased slightly,
but were still within the moderate to substantial range. The
inter-block agreement for EMMPRIN, using either cores or
WS, was found to be highly variable for the two observers
with Kappa values ranging from fair to almost perfect and
with higher Kappa values found for observer 1 than for
observer 2. Despite the intra-tumoral heterogeneity, a sub-
stantial inter-observer agreement was found for EMMPRIN for
both TMA cores and WS.

The intra-observer agreements for Ki-67 was substantial to
almost perfect, when comparing central and peripheral TMA
cores, and moderate to substantial when comparing cores
(central or peripheral) and corresponding WS. The agree-
ments did not increase, when cumulating the central and the
peripheral TMA core and comparing to a WS. As for
EMMPRIN, the inter-block agreements were highly variable
for the two observers, when evaluating TMA cores, with
Kappa values ranging from fair to almost perfect. For both
observers, a substantial agreement was, however, found
between WS from two different blocks with Kappa values
exceeding 0.76. Figure 1 shows a difference in individual scal-
ing for Ki-67 with a substantially higher number of positive
cases, especially on TMA cores, for observer 1 as compared
to observer 2. The inter-observer agreement for Ki67 was,
accordingly, only fair, when using TMA cores, but increased
to moderate, when using WS.

Table 1. Kappa values describing comparisons between immunohistochemial stainings for BCL2, E-Cadherin, EGFR, EMMPRIN (10% cut offs), and Ki67 (20% cut
offs) of 108 TMA biopsies and 54 whole slide sections (WS) from 27 breast carcinomas.

BCL2 E-cadherin EGFR EMMPRIN Ki67

Observer 1 2 1 2 1 2 1 2 1 2

Intra-block agreement
TMA central cores vs peripheral 0.95 0.89 0.95 0.82 1.00 0.81 0.55 0.50 0.66 0.85
TMA central cores vs WS 0.84 0.90 0.95 0.89 1.00 0.67 0.60 0.45 0.53 0.55
TMA peripheral cores vs WS 0.78 0.90 0.90 0.83 1.00 0.82 0.76 0.49 0.57 0.73
TMA centralþ peripheral cores vs WS 0.79 0.90 0.95 0.90 1.00 0.82 0.78 0.57 0.51 0.70

Inter-block agreement
TMA central cores 1.00 0.90 1.00 0.89 1.00 0.78 0.90 0.50 0.67 0.68
TMA peripheral cores 0.89 0.89 0.89 0.48 0.88 0.86 0.59 0.27 0.43 0.90
TMA centralþ peripheral cores 0.90 0.90 1.00 0.90 0.88 0.86 0.55 0.38 0.74 0.82
Whole slide sections 0.90 0.91 0.90 0.91 0.79 0.79 0.69 0.55 0.77 0.76

Inter-observer agreement
TMA cores 0.95 0.91 0.82 0.78 0.33
Whole slide sections 0.90 0.90 1.00 0.63 0.54

BCL2 E−cadherin EGFR EMMPRIN Ki67
0%

20%

40%

60%

80%

100% 1 2Observer
1 2 1 2Block
PWC PW C PWC PW

Figure 1. Frequency of positive tumors for markers BCL2, E-cadherin, EGFR, EMMPRIN, and Ki-67. Immunohistochemical analyzes of markers were interpreted from
TMA cores, one central (C) and one peripheral (P), and whole slide sections (W) each from two blocks (1 and 2) from each tumor. All cases have been scored by
two observers, 1 and 2, respectively. Only tumors that were interpretable on all cores and sections were included in the analysis.
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Discussion

The results of the present study show BCL2, E-cadherin and
EGFR to be homogeneously expressed in breast cancer and
indicate that TMA cores are representative for the tumor bulk
for these three biomarkers. The findings are in line with pre-
vious findings regarding these markers in breast cancer
[21,22]. Nassar et al. [22] examined three cores from different
regions of breast carcinomas and normal tissue, and similarly
found that E-cadherin and EGFR lacked heterogeneity. The
general consensus is that two to four tissue cores are repre-
sentative with 95–97% concordance rates [23,24]. For BCL2,
E-cadherin and EGFR, the present results, however, indicate
that it is sufficient to use TMAs constructed with only one
1mm core to determine the IHC expression in a breast car-
cinoma. Furthermore, it does not seem to influence the
results, whether the TMA core is taken from the center or
from the invasive front of the tumor. The results further
shows that the variation between different tumor-containing
blocks is negligible, and that choosing material from a single
representative block is sufficient.

On the contrary, the results for EMMPRIN indicated that
intra-tumoral heterogeneity affects the interpretation of the
staining. The information from TMA cores were found to be
in better concordance with information from the correspond-
ing WS, when combining information from both a central
and a peripheral core. It is, therefore, advisable to include
more cores, preferably from different areas of the tumor,
when constructing TMAs for evaluating EMMPRIN. There was,
however, still only moderate agreement between the data
obtained from two different blocks, meaning that the intra-
tumoral heterogeneity cannot be fully compensated for, if
evaluating the expression of EMMPRIN from a WS instead of
from TMA cores. We have not found any other studies having
validated EMMPRIN staining of TMA cores.

For Ki-67, intra-tumoral heterogeneity was found to affect
the interpretation, which is in accordance with the current
knowledge that Ki-67 harbors both spatial and temporal het-
erogeneity [22,25]. Muftah et al. [26] have examined the con-
cordance between a WS and a single peripheral core, and
found a low concordance, when dichotomized (j¼ 0.30), and
a moderate concordance when using Ki-67 as a continuous
variable (Intraclass coefficient¼ 0.61). On the contrary,
Batistatou et al. [27] found a very high correlation between
TMA cores and WS (j¼ 0.95), using a 14% cut off, and only a
single core from a non-specified area. In our study, however,
the inter-observer variability seemed to be an issue of even
more impact.

Previous publications have shown that the analytical valid-
ity is especially low in the intermediate range for Ki-67,
whereas there may be evidence for a clinical utility of very
low and high levels of Ki-67 [28], and estimation of Ki-67 has
been found especially difficult to standardize in the inter-
mediate range [25]. In our study, we only evaluated the
agreement of dichotomized results on the basis of a 20% cut
off. Evaluating agreements in categories of, e.g., very low,
intermediate, and high may have shown higher agreements
in the very low and very high categories. Actually, it may be
that the observed poor inter-observer agreements are

primarily due to variations in the intermediate range. It was,
however, not within the scope of this study to test the
agreement within different categories of expression using dif-
ferent cut off points. The present study was carried out
before the international recommendations for Ki-67 assess-
ment was published [29], and the expression was not eval-
uated in the invasive edge only or in hot spots. Counting a
specific number of cells, e.g., 500 tumor cells was also not
pre-specified, and the subjectively estimated, average per-
centage from WS and TMA cores were recorded. It is highly
likely that the intra- and inter-block agreements would have
been higher, if using a different assessment method for Ki-
67. Denkert et al. [25] have, assisted by a mathematical
model, shown that counting at least 500–1000 cells is neces-
sary to achieve an acceptable error rate, when using a 15%
cut off value for Ki-67. The present results did not support
that Ki-67 expression was higher in the invasive edge of the
tumor than in the center as could have been expected
(Figure 1), and did not indicate that WS instead of TMA cores
should be favored.

Intra-tumoral heterogeneity may apply to intrinsic as well
as extrinsic factors, meaning that the heterogeneity may arise
from subclones in the tumor or may be due to differences in
differentiation in the tumor or variations in the tumor-
microenvironment. The heterogeneity may, however, also be
due to pre-analytical factors related to variation in pre-
fixation time or fixation etc. [30]. The extrinsic factors are,
nevertheless, not likely to have contributed much to the
inter-block variability in this study, since the two blocks were
processed from the same tumor and as such handled under
the same conditions.

It has been anticipated that the TMA technology would
become an important vehicle in defining predictive bio-
markers for future biospecific therapies [31]. Ilyas et al. [30]
provided guidelines for conducting experiments with TMAs
and suggested that the guidelines should be used as a sup-
plement to the REMARK criteria for reporting IHC studies
[32]. This study supports the findings by Ilyas et al. [30], and
emphasizes the importance of examining the intra-tumoral
heterogeneity of IHC stainings applied to TMA cores individu-
ally in each type of cancer as part of securing the analytical
validity of new biomarkers.

Acknowledgements

The authors thank Birthe Hermansen and Mogens J. Johannsen for excel-
lent technical assistance.

Disclosure statement

TT has received royalties from Pfizer and Roche A/S for lectures given.
The funding sources had no role in the manuscript production. No
potential conflicts of interest were disclosed by the other authors.

Funding

This study was supported by grants from the Danish Cancer Society, the
University of Aarhus, the Danish Medical Research Council, Danish
Ministry of Health, and ML Jørgensen and Gunnar Hansen’s Foundation.

ACTA ONCOLOGICA 105

D
ow

nl
oa

de
d 

by
 [S

ta
ts

bi
bl

io
te

ke
t T

id
ss

kr
ift

af
de

lin
g]

 a
t 0

5:
12

 0
6 

Ja
nu

ar
y 

20
18

 



ORCID

Jan Alsner http://orcid.org/0000-0002-5395-3193

References

[1] Kononen J, Bubendorf L, Kallioniemi A, et al. Tissue microarrays
for high-throughput molecular profiling of tumor specimens. Nat
Med. 1998;4:844–847.

[2] Bubendorf L, Nocito A, Moch H, et al. Tissue microarray (TMA)
technology: miniaturized pathology archives for high-throughput
in situ studies. J Pathol. 2001;195:72–79.

[3] Horvath L, Henshall S. The application of tissue microarrays to
cancer research. Pathology. 2001;33:125–129.

[4] Simon R, Sauter G. Tissue microarrays for miniaturized high-
throughput molecular profiling of tumors. Exp Hematol. 2002;30:
1365–1372.

[5] Kyndi M, Sorensen FB, Knudsen H, et al. Tissue microarrays com-
pared with whole sections and biochemical analyses. A subgroup
analysis of DBCG 82 b&c. Acta Oncol. 2008;47:591–599.

[6] Kyndi M, Sorensen FB, Knudsen H, et al. Carbonic anhydrase IX
and response to postmastectomy radiotherapy in high-risk breast
cancer: a subgroup analysis of the DBCG82 b and c trials. Breast
Cancer Res. 2008;10:R24.

[7] Callagy GM, Webber MJ, Pharoah PD, et al. Meta-analysis confirms
BCL2 is an independent prognostic marker in breast cancer. BMC
Cancer. 2008;8:153

[8] Eom YH, Kim HS, Lee A, et al. BCL2 as a subtype-specific
prognostic marker for breast cancer. J Breast Cancer. 2016;19:
252–260.

[9] Callagy GM, Pharoah PD, Pinder SE, et al. Bcl-2 is a prognostic
marker in breast cancer independently of the Nottingham
Prognostic Index. Clin Cancer Res. 2006;12:2468–2475.

[10] Gould Rothberg BE, Bracken MB. E-cadherin immunohistochemical
expression as a prognostic factor in infiltrating ductal carcinoma
of the breast: a systematic review and meta-analysis. Breast
Cancer Res Treat. 2006;100:139–148.

[11] Nielsen TO, Hsu FD, Jensen K, et al. Immunohistochemical and
clinical characterization of the basal-like subtype of invasive
breast carcinoma. Clin Cancer Res. 2004;10:5367–5374.

[12] Nakai K, Hung MC, Yamaguchi H. A perspective on anti-EGFR
therapies targeting triple-negative breast cancer. Am J Cancer
Res. 2016;6:1609–1623.

[13] Zhao S, Ma W, Zhang M, et al. High expression of CD147 and
MMP-9 is correlated with poor prognosis of triple-negative breast
cancer (TNBC) patients. Med Oncol. 2013;30:335–012-0335-4.

[14] Grass GD, Tolliver LB, Bratoeva M, et al. CD147, CD44, and the
epidermal growth factor receptor (EGFR) signaling pathway
cooperate to regulate breast epithelial cell invasiveness. J Biol
Chem. 2013;288:26089–26104.

[15] Pathmanathan N, Balleine RL. Ki67 and proliferation in breast can-
cer. J Clin Pathol. 2013;66:512–516.

[16] Liu Y, Xin T, Jiang QY, et al. CD147, MMP9 expression and clinical
significance of basal-like breast cancer. Med Oncol. 2013;30:366.

[17] Howat WJ, Blows FM, Provenzano E, et al. Performance of auto-
mated scoring of ER, PR, HER2, CK5/6 and EGFR in breast cancer
tissue microarrays in the Breast Cancer Association Consortium.
J Pathol Clin Res. 2014;1:18–32.

[18] Meijnen P, Peterse JL, Antonini N, et al. Immunohistochemical
categorisation of ductal carcinoma in situ of the breast. Br J
Cancer. 2008;98:137–142.

[19] Goldhirsch A, Winer EP, Coates AS, et al. Personalizing the treat-
ment of women with early breast cancer: highlights of the St
Gallen International Expert Consensus on the primary therapy of
early breast cancer 2013. Ann Oncol. 2013;24:2206–2223.

[20] Landis JR, Koch GG. The measurement of observer agreement for
categorical data. Biometrics. 1977;33:159–174.

[21] Chhieng DC, Frost AR, Niwas S, et al. Intratumor heterogeneity of
biomarker expression in breast carcinomas. Biotech Histochem.
2004;79:25–36.

[22] Nassar A, Radhakrishnan A, Cabrero IA, et al. Intratumoral hetero-
geneity of immunohistochemical marker expression in breast car-
cinoma: a tissue microarray-based study. Appl Immunohistochem
Mol Morphol. 2010;18:433–441.

[23] Simon R, Mirlacher M, Sauter G. Tissue microarrays.
BioTechniques. 2004;36:98–105.

[24] Watanabe A, Cornelison R, Hostetter G. Tissue microarrays: applica-
tions in genomic research. Expert Rev Mol Diagn. 2005;5:171–181.

[25] Denkert C, Budczies J, von Minckwitz G, et al. Strategies for devel-
oping Ki67 as a useful biomarker in breast cancer. Breast. 2015;24
Suppl 2:S67–S72.

[26] Muftah AA, Aleskandarany MA, Al-Kaabi MM, et al. Ki67 expres-
sion in invasive breast cancer: the use of tissue microarrays com-
pared with whole tissue sections. Breast Cancer Res Treat.
2017;164:341–348.

[27] Batistatou A, Televantou D, Bobos M, et al. Evaluation of current
prognostic and predictive markers in breast cancer: a validation
study of tissue microarrays. Anticancer Res. 2013;33:2139–2145.

[28] Varga Z, Diebold J, Dommann-Scherrer C, et al. How reliable is
Ki-67 immunohistochemistry in grade 2 breast carcinomas?
A QA study of the Swiss Working Group of Breast- and
Gynecopathologists. PLoS One. 2012;7:e37379.

[29] Dowsett M, Nielsen TO, A'Hern R, et al. Assessment of Ki67 in
breast cancer: recommendations from the International Ki67 in
Breast Cancer working group. J Natl Cancer Inst. 2011;103:
1656–1664.

[30] Ilyas M, Grabsch H, Ellis IO, et al. Guidelines and considerations
for conducting experiments using tissue microarrays.
Histopathology. 2013;62:827–839.

[31] Camp RL, Neumeister V, Rimm DL. A decade of tissue microarrays:
progress in the discovery and validation of cancer biomarkers.
J Clin Oncol. 2008;26:5630–5637.

[32] Altman DG, McShane LM, Sauerbrei W, et al. Reporting
Recommendations for tumor marker prognostic studies
(REMARK): explanation and elaboration. PLoS Med. 2012;9:
e1001216.

106 T. TRAMM ET AL.

D
ow

nl
oa

de
d 

by
 [S

ta
ts

bi
bl

io
te

ke
t T

id
ss

kr
ift

af
de

lin
g]

 a
t 0

5:
12

 0
6 

Ja
nu

ar
y 

20
18

 



ORIGINAL ARTICLE

DBCG hypo trial validation of radiotherapy parameters from a national data
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ABSTRACT
Introduction: The current study evaluates the data quality achievable using a national data bank for report-
ing radiotherapy parameters relative to the classical manual reportingmethod of selected parameters.
Methods: The data comparison is based on 1522 Danish patients of the DBCG hypo trial with data
stored in the Danish national radiotherapy data bank. In line with standard DBCG trial practice selected
parameters were also reported manually to the DBCG database. Categorical variables are compared
using contingency tables, and comparison of continuous parameters is presented in scatter plots.
Results: For categorical variables 25 differences between the data bank and manual values were
located. Of these 23 were related to mistakes in the manual reported value whilst the remaining two
were a wrong classification in the data bank. The wrong classification in the data bank was related to
lack of dose information, since the two patients had been treated with an electron boost based on a
manual calculation, thus data was not exported to the data bank, and this was not detected prior to
comparison with the manual data. For a few database fields in the manual data an ambiguity of the
parameter definition of the specific field is seen in the data. This was not the case for the data bank,
which extract all data consistently.
Conclusions: In terms of data quality the data bank is superior to manually reported values. However,
there is a need to allocate resources for checking the validity of the available data as well as ensuring
that all relevant data is present. The data bank contains more detailed information, and thus facilitates
research related to the actual dose distribution in the patients.
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Introduction

Clinical trials depend upon the ability to report treatment
and outcome values. This can be done by manually reporting
a few key values or by sending the entire data set to a data
bank directly from the treatment planning system. It is often
stated that a data bank approach will ensure better data
quality, since mistakes occur during the manual reporting
stage [1,2]. This might be true, but neglects possible mistakes
in a data bank reporting system. Thus, such systems need to
be verified in order to validate how the data quality com-
pares to quality of a manual reporting system.

Using a data bank to record treatment data allows the
possibility to collect detailed information on the radiotherapy
as the entire treatment planning dataset can be submitted
with a time cost comparable to or even less than that used
to report selected parameters manually. Such an approach
will make it possible to address more detailed treatment
planning questions in clinical trials, but will also make it pos-
sible to access all data for retrospective analyzes. Storage of

all the relevant planning data is also the basis for federated
databases [3] facilitating international data mining. This will
allow researchers to address questions which would be hard
or impossible to address using standard randomized phase III
trials. However, before starting such studies it is important to
validate the data quality of the applied data bank.

There are a number of initiatives around the world to col-
lect large amounts of radiotherapy treatment parameters
[4–7]. In Denmark, a national storage facility of DICOM data
has been established [8]. It is currently used by a number of
clinical trials [9–13] and contains radiotherapy information
from more than 5000 patients. This study focuses on the
largest clinical trial in the data bank; a clinical randomized
trial on hypo-fractionation from the Danish Breast Cancer
Group (DBCG) with 1883 patients, of which 1550 patients
were Danish. The aim of the current study is to compare the
data quality within the data bank relative to the quality of
manually reported values; such that this information can be
used as a reference of data quality in future trials based on
similar data bank systems.

CONTACT Carsten Brink carsten.brink@rsyd.dk Laboratory of Radiation Physics (afd R), Odense University Hospital, Sdr. Boulevard 29, DK-5000 Odense C,
Denmark

Supplemental data for this article can be accessed here.
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Method

Among 1883 randomized early breast cancer patients for
the DBCG trial ‘Hypofractionated Versus Standard
Fractionated Whole Breast Irradiation to Node-negative
Breast Cancer Patients’ (clinicaltrials.gov NR NCT00909818),
1550 patients were from Denmark, and 1522 of these
accepted submission of their treatment plan to the Danish
radiotherapy data bank. These 1522 patients are all included
in the current analysis between dose parameters from the
dose plans in the data bank and the prospectively manually
reported parameters. The patients were enrolled from four
Danish centers.

The clinical trial is a randomized radiotherapy trial
between two post-surgery treatment arms of either 50Gy/25
fractions (2.0 Gy per fraction) or 40Gy/15 fractions (2.67 Gy
per fraction) with the primary endpoint late radiation mor-
bidity. If indicated by the DBCG guidelines a sequential boost
of either 10 or 16Gy was delivered to the tumor bed (e.g.,
patients< 50 years or resection margin< 2mm). As part of
the clinical trial both radiotherapy and follow-up data were
reported to the DBCG database in line with previous DBCG
trials. In parallel to the manual reporting all DICOM RT infor-
mation of the treatment plans were also collected in the
national DICOM data bank. The infrastructure of the national
DICOM data bank has been described by Westberg et al. [8].
The database consists mainly of three parts (1) A DICOM ser-
ver that receives data exported from the participating institu-
tions (2) A set of servers to process the data (3) A web
interface for accessing the data. Data are only available
within the data bank after they are assigned to a specific
clinical collaboration, which is done using the web interface.
Permission to access the data are user specific and can range
from viewing trial aggregated values only from the users
own institution, to the ability to download the entire set of
data available in the data bank. Institution specific rules for
mapping local structure names to trial specific structure
names are defined within a given clinical trial in the data
bank. The web interface provides direct access to predefined
trial specific dose values (e.g., mean dose, maximum dose,
and near max dose) and the ability to export the raw DICOM
data makes it possible to calculate more specific values not
implemented in the web interface.

The current study compares values reported manually ver-
sus those obtained from the DICOM data bank. The following
parameters were available in both systems and thus used for
comparison:

1. Laterality, i.e., left or right sided breast cancer
2. Treatment arm (40/50Gy)
3. Boost (none/10/16Gy)
4. CTV (for non-boost plans):

a. Minimum dose in percentage of prescribed dose of
primary treatment (i.e., 40/50Gy)

b. Volume fraction of CTV receiving dose< 95% of pre-
scribed dose

c. Maximum dose in percentage of prescribed dose
d. Volume fraction of CTV receiving doses> 105% and

�107% of prescribed dose

e. Absolute volume of CTV receiving doses> 107%
and �110% of prescribed dose

5. Heart: V20 and V40 for the 50Gy arm and V17 and V35
for the 40Gy arm

6. Left anterior descending artery (LADCA): Maximum dose
7. Ipsilateral lung: V20 for 50Gy arm and V17 for 40Gy arm
8. Volume of the breast CTV
9. Date of treatment (the data bank value defined by date

of treatment planning CT scan).

Not all of the above items are directly accessible from the
submitted data in the data bank since the information is not
stored in the DICOM header. For boost treatments one center
provided the dose summed over the primary and boost
treatment, while the other centers provided the same data as
two separate treatment plans. The dose from centers provid-
ing separate plans were summed, which was possible since
the two plans were planned using the same planning CT. For
a few patients a manually calculated electron boost was used
for treatment, thus the dose distribution was not available in
the data bank. To determine if a boost was delivered and if
so the delivered dose (item 2 and 3 in list above), the follow-
ing was evaluated: (1) number of treatment plans available
for the patient, (2) detection of a boost structure in the data,
(3) automatic shape detection of DVH (detection of peaks in
the differential CTV DVH of the combined treatment) and (4)
Near max dose (D0.027 cm3 – the dose related to the upper
0.027 cm3 of the DVH) values for CTV for the combined treat-
ment. Determination of treatment arm (i.e., 40 Gy or 50Gy),
and type of boost were performed by at least two of these
methods. Only in a few cases where the determined values
disagreed a manual inspection was needed. Laterality (item 1
in the list above) was identified by comparing the summed
dose in the left and right half of the CT scan.

Prior to comparison with the manual data a number of
automated self-consistency checks were performed on the
DICOM data in the data bank. The checks included detection
of possible lack of data (e.g., missing dose files or missing
boost plan), duplicate data (e.g., two plans for same treat-
ment) and the mapping of local structure names to structure
names used in the data bank.

The manual data were obtained directly from the DBCG
secretary according to standard procedure in clinical DBCG
trials [14].

Comparisons of manual versus the data bank obtained
parameters were performed using either x-y scatter plots or
contingency tables for continuous or categorical variables
respectively. Differences between the data bank and manual
values were investigated to clarify which of the two were
closest to the actual/true value based on information from
the local record and verify systems and by comparing patient
specific deviation for a set of dose parameters as described
in the results.

Results

Table 1 shows contingency tables comparing results from the
data bank with manually reported values. In 18 cases the trial
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arm was not identified in the manual data. For six patients
the manual and the data bank assignments disagreed.
Manual validation of the six treatment plans in the data bank
supported the assignment performed by the data bank. For
laterality 15 cases were not classified consistently between
the two systems. Manual validation of the 15 patient treat-
ment plans found all to agree with the data bank laterality
classification. Type of boost classification was not consistent
for four patients. Two patients who were reported to have
received a boost in the data bank were verified in the local
record and verify system to be assigned correctly. The
remaining two patients which in the data bank were
assigned to have had no boost did actually have a boost
treatment. The wrong classification in the data bank was
related to a lack of dose information, since the two patients
had been treated with an electron boost based on a manual
calculation, thus no data were exported to the data bank.
The combined error and missing rate for the manual method
was 1.5%, 1.3%, and 0.4% for trial arm, laterality, and boost
type, respectively. For the data bank no wrong identifications
were found for laterality and treatment arm, but an error rate
of 0.1% in assignment of boost type was seen.

The continuous parameters for which the largest degree
of consistency exists between the data bank and manual
reported value is shown in Figure 1(a,b), having the manual
value on the x-axis and the data bank value on the y-axis.
The difference between the third and the first quartile (inter-
quartile range – IQ) of distribution of the differences
between the data bank and manual value is shown in the
figure. The differences between the two sets of values have
been examined for outliers, similar to what is typically used
in boxplots initially introduced by Tukey [15]. In line with
common practice outliers were defined as data points where
the difference between the manual and the data bank value
is further outside the first or third quartile than 1.5 times the

interquartile range [15]. Similarly, extreme outliers were
defined as points further away than three times the inter-
quartile range [15]. If the data were normal distributed the
probability of observing an outlier would be 7� 10�3 and an
extreme outlier 2� 10�6. In the figure the extreme outliers
are shown as red points and the remainder as blue points.
The percentage of outliers (out) and extreme outliers (ext)
are also shown in the figure. The number of data points
missing related to the x- and y-axis are also shown in the fig-
ure. Finally, a black line of identity is included.

The date of radiotherapy data in Figure 1(a) demonstrates
a close to perfect line except for a few extreme outliers
shown as red points. The same tendency is seen for the CTV
volume in Figure 1(b) with a larger spread of the red points.
The red points could potentially indicate that the data bank
did not contain the correct treatment plans. However, if the
data bank did contain a wrong treatment plan it is unlikely
that the reported CTV volume would agree with the manu-
ally reported value. Given that the CTV is manually
delineated a volume difference between delineations on two
separate CT scans of the same patient will likely differ more
than 5 cm3 knowing that the median CTV volume is 627 cm3

(5 cm3 volume difference corresponds to a radius difference
of 0.14mm for a spherical CTV; 5 cm3 is also only twice the
interquartile range seen in Figure 1(b)). Selection of all the
patients with CTV volume deviations of more than 5 cm3

results in a set of 152 patients. Of these patients the dates of
the CT scan were between �21 to 0 days relative to the
manual reported start of treatment except for four patients.
Except for these four cases the plans in the data bank are
thus at least representative for the dose distribution in the
patient, even if a re-plan should have been performed. For
the last four patients their reported V20/V17 ipsilateral lung
value are at the maximum 0.2% different from the manually
reported value, indicating that the data bank plans are

Table 1. Contingency tables between manual reporting and data submitted to the data bank.

Manual

A: Trial arm 40 Gy 50 Gy Missing Sum

Data bank
40 Gy 745 (48.9%) 3 (0.2%) 7 (0.5%) 755 (49.6%)
50 Gy 3 (0.2%) 753 (49.5%) 11 (0.7%) 767 (50.4%)
Sum 748 (49.1%) 756 (49.7%) 18 (1.2%) 1522 (100.0%)

Manual

B: Laterality Right Left Missing Sum

Data bank
Right 730 (48.0%) 4 (0.3%) 1 (0.1%) 735 (48.3%)
Left 11 (0.7%) 772 (50.7%) 4 (0.3%) 787 (51.7%)
Sum 741 (48.7%) 776 (51.0%) 5 (0.3%) 1522 (100.0%)

Manual

C: Boost None 10 Gy 16 Gy Missing Sum

Data bank
None 1297 (85.5%) 2 (0.1%) 0 (0.0%) 2 (0.1%) 1301 (85.8%)
10 Gy 1 (0.1%) 169 (11.1%) 0 (0.0%) 0 (0.0%) 170 (11.2%)
16 Gy 1 (0.1%) 0 (0.0%) 45 (3.0%) 0 (0.0%) 46 (3.0%)
Sum 1299 (85.6%) 171 (11.3%) 45 (3.0%) 2 (0.1%) 1517 (100.0%)

Tables are shown for A: trial arm, B: laterality of treatment, and C: type of boost. For boost type five patients were excluded since they were detected in the
automatic system, prior to data comparison, to be boost treatments. The treatment plans related to these patients were not available in the data bank since
they were electron boost based on a manual dose calculation. Since analysis was performed after collection of all data in the data bank there are no missing val-
ues in the data bank.
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identical to the plans used for manual reporting. The domi-
nating effect for observed differences in Figure 1(a,b) is
therefore uncertainties in the manual reporting process and
not due to incorrect plans in the data bank.

Figure 1(c,d) is an example of data with a higher level of
deviation between the two methods of reporting, and is an
example of the problems related to reporting maximum and
minimum values as opposed to near maximum and min-
imum values as recommended in the ICRU report 83 [16].
However, ICRU 83 was published after the DBCG hypo trial
was initiated, which is part of the reason why no near max
or min doses were reported manually. The large spread in
data values for LADCA in Figure 1(d) is related to the

presence of a steep dose gradient next to LADCA.
Small differences in the interpretation of the structure pos-
ition in different computer systems leads to large uncertain-
ties in the maximum dose. The uncertainty will increase as
the dose gradient next to LADCA increases. The largest dose
gradient will be at doses close to half the prescribed dose
which is also reflected in the figure as increased deviations in
that dose area. The eight missing LADCA values in the data
bank, is due to a local decision not to delineate LADCA on
these eight right sided treatment plans.

Figure 1(e,f) illustrates some of the problems in manual
reporting of more complicated dose parameters. Both for the
CTV maximum dose and in particular for 1-V95 for the CTV,

Figure 1. Comparison between values of manual and data bank for: date of RT, CTV volume, minimum dose to CTV, maximum dose to LADCA, CTV maximum, and
1-V95 values (Vx–x% of volume covered by the prescribed dose). IQ is the inter quartile range of the differences between the data bank and manual value. The per-
centage of outliers and extreme outliers (definition see text) is shown as well as the number of missing data on the x- and y-axis. Red points represent extreme out-
liers. Two points in subsection c with manual CTV values above 700% are outside the displayed area. Misunderstanding of the interpretation of the specific values
in the manual reporting system is seen in subsection e–f, but most pronounced in subsection f.
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it is clear that not all users have the same understanding of
the individual parameters to report. For the CTV maximum
some points are reported as percent over-dosage and others
as percentage of prescribed dose. However, the problems are
clearly more severe for the 1-V95 in which a large subset has
been reported as V95, which is directly accessible in all plan-
ning systems. The wrong 1-V95 data are almost entirely from
one of the contributing centers, but that center has only
reported approximately 20% of their data in that format.
Further plots of CTV dose coverage as well as dose to ipsilat-
eral lung and heart is available in the Supplementary
material.

In a large number of the presented figures the fraction of
extreme outliers was approximately 10%. This value is a clear
indication that quite long tails are present for the difference
between the two set of reported values. Given the informa-
tion from the data bank it is easy to see that a number of
the manual values simply deviate by an order of magnitude
(one zero too many or less during manual typing) or inter-
change of two digits.

Discussion

A national DICOM data bank has been clinically operating in
Denmark since 2010 [17]. In the current study it is shown
that the obtainable data quality of such a data bank exceeds
the quality of manual reporting used previously. The number
of detected assignment errors in the data bank was related
to two patients who were given an electron boost, which
was not documented in the data bank, since the boost dose
was not calculated in the local treatment planning system
but was based on a manual calculation. These two assign-
ment errors correspond to an error rate of 0.1% which is
much lower than the error rate observed for the manual
reported values.

The fraction of extreme outliers was approximately 10%
for a large number of the reported parameters. This might
initially seem very high but a mistake in typing all the digits
correctly is likely to result in an extreme outlier, in particular
if it is one of the first digits which are mistyped. The value of
10% is thus probably a reflection of the error rate most peo-
ple have in typing numbers into a computer system. Some
of the obviously mistyped and in particular missing manual
data could have been correct if a detailed inspection of the
manual data had been performed by cross linking to other
information such as randomization, pathology, size of resec-
tion margin and age of patient. However, most of the param-
eters related to delivered dose would probably be very
difficult to locate during a validation based only on manual
data.

The high level of data quality of the data bank is of
course positive and provides a solid basis for future retro-
spective studies. But probably more importantly, data banks
can be the basis for international data trials, either based on
centralized data or by using distributed learning methods, as
suggested by Skripcak et al. [3], which reduces the legal
issues related to the exchange of data between different
countries. The data bank can thus be used as the backbone

in a number of international studies using, e.g., deep learning
methods if the users choose to do so. Whether the current
results can be extrapolated to other radiotherapy DICOM
data banks can be debated. However, DBCG do have a long
lasting tradition of clinical trials and the DICOM standard is
an international accepted standard, thus it seems likely that
comparisons between other data banks and manually data
would not result in deviations significantly smaller than those
in the current study.

All transmissions of DICOM data from the individual insti-
tutions to the data bank were performed on secure lines
administered by the Danish national health system. One of
the main problems in collecting treatment data is related to
legal issues of privacy. It is therefore important that all trans-
missions of patient sensitive information are performed on
secure lines, where all data transmissions are encrypted and
the sender can validate the identity of the receiver. A com-
mon pitfall for people setting up quick data exchange
between institutions is to use transmission protocols not
design with security in mind (e.g., FTP), without encapsulat-
ing all network transmissions in a secure way. It should thus
be stressed that it is important to spend quite some resour-
ces in designing a data bank such that confidentiality of the
data is ensured at all times.

Even though the data quality of the data bank system
seems superior, there are a number of challenges compared
to the manual system – challenges which all data bank sys-
tems need to address. The first is related to exporting data
from the participating institutions to the data bank, which is
not a part of the clinical routine and often a manual step,
thus data might not have been exported at all. Since the
data bank does not have any additional knowledge about
the number of expected patients, large numbers of treatment
plans might be missing. The second challenge is that data
has to be assigned to one or more trials in the data bank
system, in order to allow access for other institutions. Such
an assignment is needed in all data bank systems except if
they are designed for a single clinical trial. However, this
issue is to some degree a technical problem, and in the data
bank in this study the users currently have to supply the
additional information using the web interface.
Unfortunately, many users find this additional step confusing
when using the data bank. Also the naming of structures
which may be performed manually in the local treatment
planning system is an important issue. There are international
recommendations for the naming of structures [18–20], and
it can be strongly recommended to follow these, or maybe
even more importantly to use ‘scripts’ in the local treatment
planning systems to ensure local consistency of structure
names, since that is central for a correct structure mapping
in data banks. An additional approach could be to implement
automatic structure recognition methods in data banks as
proposed by McIntosh et al. [21], demonstrating an accuracy
of 92% and therefore could be useful in pin-pointing incor-
rect structure mappings.

Due to the manual processes related to data banks, there
are multiple causes that can result in the presence of incor-
rect data in data banks. Data validation is needed to ensure
that all data has been submitted and to obtain a high level
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of data quality. The current data bank uses data from the
treatment planning systems which can differ from the data
in the record and verify system. An example of this was
detected during the initial validation of the data bank values
where a nonstandard boost was detected - prescribed in the
treatment planning system as 2Gy in 10 fractions and not 5
fractions. The correct boost had been delivered, but the frac-
tionation error was only corrected in the record and verify
system. There is therefore a need to invest time to develop
computer programs for the specific clinical trials to check the
integrity of the data. The specific amount of time needed is
difficult to estimate, but a data bank reporting system does
not necessarily mean less manual work in the end, but it
does provide a lot more opportunities to automate and
apply new technologies to data and answer new questions.
There is definitely a need for allocation of human resources if
a data bank should be in clinical operation for a large num-
ber of clinical trials. The needed resources obvious depend
on the actual data bank implementation, but even for the
most automated systems it is likely that a least one full time
position is needed to support customers, validate data qual-
ity, and perform bug-fix/development.

In summary the data bank was superior to manually
reported values in terms of data quality. This study therefore
provides a sound technical basis for transitioning future
DBCG RT trials and studies to the national radiotherapy data
bank. All the errors detected in this study regarding the man-
ual reporting to the DBCG database in the DBCG hypo trial
will obviously be corrected. But potentially more important
data banks contain more detailed information. Thus, new
relevant values may in the future be extracted from the sub-
mitted dose plan data compared to the limited number of
predefined values reported manually.
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ORIGINAL ARTICLE

The potential benefits from respiratory gating for breast cancer patients
regarding target coverage and dose to organs at risk when applying strict dose
limits to the heart: results from the DBCG HYPO trial
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ABSTRACT
Purpose: The potential benefits from respiratory gating (RG) compared to free-breathing (FB) regarding
target coverage and dose to organs at risk for breast cancer patients receiving post-operative radio-
therapy (RT) in the DBCG HYPO multicentre trial are reported.
Material and methods: Patients included in the DBCG HYPO trial were randomized between 50Gy in
25 fractions (normofractionated) versus 40Gy in 15 fractions (hypofractionated). A tangential forward
field-in-field dose planning technique was used to cover the clinical target volume (CTV) with the
intent to limit dose to the left anterior descending coronary artery (LADCA) to 20Gy and 17Gy in the
normo- and hypofractionated arms, respectively. Treatment plan data for 1327 patients from four
Danish centres was retrospectively analyzed. FB right-sided patients served as control group for the
left-sided patients regarding CTV V95% (relative volume receiving at least 95% of the prescribed dose),
mean heart dose (MHD) and mean lung dose (MLD).
Results: Median CTV V95% was for FB right-sided, FB left-sided and RG left-sided patients 94.6, 92.6
and 94.7% for normofractionated therapy, respectively, and 94.6, 91.8 and 94.4% for hypofractionated
therapy and did not differ significantly for RG left-sided plans compared to FB right-sided in either
study arm. CTV V95% was significantly lower for FB versus RG for left-sided plans in both arms. Median
MHD was 0.7, 1.8 and 1.5Gy (normofractionated therapy) versus 0.6, 1.5 and 1.2Gy (hypofractionated
therapy), respectively. The corresponding median MLD was 9.0, 8.3 and 7.3Gy versus 7.3, 6.4 and
5.8Gy, respectively.
Conclusions: RG for left-sided breast cancer patients ensured similar CTV V95% as for FB right-sided
patients. MLD was lower for RG due to the increased lung volume. MHD was generally low due to
strict protocol-defined maximum dose to LADCA, but for left-sided patients RG led to significantly
lower MHD.
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Introduction

Adjuvant radiotherapy (RT) reduces loco-regional recurrence,
distant failure and improves overall survival of early breast
cancer patients [1–3]. On the other hand, adjuvant RT also
increases the risk of heart- and lung-related toxicity com-
pared to women not receiving RT [4,5]. A recent study also
showed a further increase in risk among women who
received anthracycline-containing chemoradiotherapy [6].
Inclusion of the internal mammary node (IMN) in the RT tar-
get in women with advanced disease increases mean heart
dose (MHD) compared to patients having residual breast RT
only [7–9]. However, the inclusion of the IMN is justified for
high-risk patients according to recent studies showing
reduced risk of breast cancer recurrence and improved sur-
vival after IMN RT [10–12]. Hence, careful decisions must be
made on an individual patient level regarding target cover-
age versus dose to organs at risk (OAR). There has been quite
some interest on reducing the dose to the left anterior

descending coronary artery (LADCA) since reports have indi-
cated an association between LADCA irradiation and the risk
of ischemic heart disease [13–15]. In order to optimize target
coverage while maintaining a low dose to OAR, techniques
for RT with respiratory gating (RG), like enhanced inspiration
gating and deep-inspiration breath hold (DIBH), have success-
fully been implemented in RT centres during the last decade
[16–19]. These techniques exploit that during a deep inspir-
ation the heart shifts in caudal and dorsal direction com-
pared to the breast, moving the heart away from the high
dose region of typical tangential fields. Simultaneously the
lung is more inflated compared to normal breathing, reduc-
ing the relative volume of lung tissue in the high
dose region. During the last decade RG radiotherapy for
breast cancer patients has become standard in all Danish
RT centres [20].

At the same time, the Danish Breast Cancer Group (DBCG)
initiated the DBCG HYPO trial ‘Hypofractionated
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Versus Standard Fractionated Whole Breast Irradiation to
Node-negative Breast Cancer Patients’ (clinicaltrials.gov NR
NCT00909818). Women eligible for adjuvant whole breast RT
after breast conserving surgery of early breast cancer were
randomized between normofractionated RT (50Gy in 25 frac-
tions) versus moderately hypofractionated RT (40Gy in 15
fractions).

The aim of the current work was to report the potential
benefits regarding target coverage and dose to OAR for
patients treated with RG compared to the free-breathing (FB)
technique in the DBCG HYPO trial irrespective of fraction-
ation scheme.

Material and methods

Patients

Patients receiving adjuvant RT after lumpectomy for early
breast cancer were included in the clinically controlled
randomized DBCG HYPO trial between May 2009 and March
2014 at four centres in Denmark. A total of 1883 patients
were randomized, of these radiation treatment plans from
1522 patients were submitted to the Danish Treatment Plan
Bank and used in the present study [21]. Detailed information
on target coverage and dose to OAR was extracted on an
individual patient basis. In order to avoid summation issues
of dose from primary and boost treatment, only primary
treatment plans were included in the current study. Whether
a patient was treated using RG or not was retrieved from the
DBCG trial database.

Clinical target volumes, OAR and dose planning

Patients were CT scanned on a breast board in an elevated
position with either both arms or the ipsilateral arm above
their head and with a CT slice thickness of 2–3mm depend-
ing on institutional guidelines. The clinical target volume
(CTVp_breast) defined as the residual breast tissue and OARs
(heart, lung and LADCA) were delineated according to the
national guidelines at time of start of inclusion in the trial
[22,23]. The planning target volume (PTV) was created by
expanding the CTVp_breast by typically 5mm. Both
CTVp_breast and PTV were cropped to 5mm below the skin.

Treatment plans consisted of tangential medial and lateral
field-in-field beams with energies between 6MV and 18MV
and field edges around 5mm from the PTV. A skin flash of
minimum 2 cm was used in all centres. Centre 1 used a col-
lapsed cone algorithm as implemented in Pinnacle (Philips
Radiation Oncology Systems, Fitchburg, WI), Centre 2 the
enhanced collapsed cone algorithm as implemented in
Oncentra External Beam (Elekta AB, Stockholm, Sweden),
Centre 3 an analytical anisotropic algorithm in Eclipse (AAA,
Varian Medical Systems, Palo Alto, CA, USA), and Centre 4 ini-
tially used a pencil beam algorithm in Eclipse which was
changed to the AAA in Eclipse in 2012.

Target coverage and dose to OARs were prioritized in
the following order: tumor bed defined by surgical
clips> LADCA> heart> lung>CTVp_breast> PTVp_breast>
contralateral breast. The PTV should be covered by 95–107%

and 95–105% of the prescribed dose in the normo- and
hypofractionated arms, respectively. In the hypofractionated
arm the CTVp_breast volume receiving between 105 and
107% of the prescribed dose should be kept below 2% of
the CTVp_breast volume. For both treatment arms, the vol-
ume receiving 107–110% dose should be <2 cm3. In the nor-
mofractionated arm, the dose constraints for the OAR were:
maximum LADCA dose �20Gy, heart V20Gy�10% and
V40Gy�5%, ipsilateral lung V20Gy�25% and mean lung dose
(MLD)� 18Gy. Correspondingly in the hypofractionated arm:
maximum LADCA dose �17Gy, heart V17Gy�10% and
V35Gy�5%, ipsilateral lung V17Gy�25% and MLD �16Gy.

Gating techniques

Centre 1 and 2 used the Active Breathing CoordinatorTM (ABC)
system (Elekta AB, Stockholm, Sweden) and Centre 3 and 4 the
Real-Time Position Management (RPM) system (Varian Medical
Systems, Palo Alto, CA, USA) for gating. In all centres the
patients were trained in using the equipment before the plan-
ning CT. When using RPM the treatment was given when the
ventral chest wall was in a predefined window measured by
an external marker block. When using the ABC system a valve
in the mouth-piece made further inhalation impossible when
the predefined amount of inhaled air was reached. In Centre
1–3 using DIBH, the patients were asked to take a ‘comfortable
deep inspiration’ to ensure reproducible fixation. In Centre 4,
using enhanced inspiration gating (EIG), the patients were
encouraged to breathe as deeply as comfortable to achieve a
higher inspiration level compared to FB. Exclusion criteria from
gating in all four centres were: Not being able to maintain
breath hold for at least 20 s (DIBH), or in case of EIG not being
able to obtain reproducibly high amplitude. Furthermore,
patients should be able to understand the necessary com-
mands including audio guidance for RG. Patients unable to
achieve an airtight seal around the mouth piece of the ABC
system were also excluded from gating.

Statistical analysis

Data are presented in box-whisker plots showing first and
third quartile, whiskers indicate range excluding outliers.
Outliers are plotted as individual points and are defined as
data further away from the quartiles than 1.5 times the inter-
quartile range. The interpercentile range (0.16–0.84) corre-
sponding to 68% of data is given. Group distributions are
compared using Mann–Whitney U-test. p values below .05
are considered significant.

Results

Data from a total of 1522 Danish patients was available. At
the time of data extraction, missing data on laterality and
gating status and omission of summed primary and boost
plans led to exclusion of 192 treatment plans from the pre-
sent study. Three right sided patients were gated and hence
these were omitted from the analysis as well. The remaining
1327 treatment plans were distributed among Centres 1–4 as
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212 (57 FB left-sided and 52 with RG), 244 (22 FB left-sided
and 102 with RG), 710 (203 FB left-sided and 161 with RG)
and 161 (11 FB left-sided and 76 with RG), respectively. The
treatment plans were divided into three groups: FB right-
sided, FB left-sided and RG left-sided treatment plans and
further separated by fractionation arm. Patient characteristics
are given in Table 1. Target coverage for the CTVp_breast
was available but not for the PTVp_breast. The present study
is a dose planning study comparing potential benefits from
RG irrespective of fractionation scheme and hence the phys-
ical doses were not transformed into biologically equivalent
doses.

Median values, interpercentile range (0.16–0.84) and
ranges for target coverage and dose to OARs are summarized
in Table 2. The V20Gy and V17Gy constraints for the lung were
violated for 5 and 1 treatment plans in the normo- and hypo-
fractionated arms, respectively.

The FB right-sided treatment plans were considered a ref-
erence group for what could be achieved in terms of target
coverage when heart dose was not limiting target coverage
as for left-sided treatment plans. FB left-sided treatment
plans showed lower CTVp_breast V95% compared to the refer-
ence group, however, the use of RG improved CTVp_breast
V95% to the level of the reference group. For left-sided

Table 1. Patient characteristics in the normo- and hypofractionated arm.

Characteristic

Normofractionated Hypofractionated

Right-sided
Left-sided

Right-sided
Left-sided

FB FB RG FB FB RG

No. of patients 354 176 199 345 176 192
Age (years) 58 60 60 59 59 59

50–67 53–68 51–58 50–68 51–68 51–67
42–83 42–80 42–83 41–77 41–82 42–75

CTVp_breast volume (mL) 617 697 602 619 661 613
328–1072 340–1105 339–997 313–1138 336–1163 305–1011
86–3041 69–2501 74–2467 97–2454 98–2164 90–2624

Heart volume (mL) 625 582 594 628 610 601
521–720 481–699 508–710 513–751 491–733 512–714
333–980 376–1027 346–1132 341–932 396–1137 334–931

Ipsilateral lung volume (mL) 1542 1219 2170 1544 1226 2233
1257–1906 961–1572 1756–2598 1255–1922 994–1559 1843–2564
757–2790 703–2613 1026–3642 917–2890 626–2682 833–3316

Values presented are median, interpercentile range (0.16–0.84) and range.

Table 2. Median values, interpercentile range (0.16–0.84) and range for dose optimization parameters in the normo- and hypofractionated
arm.

Parameter

Normofractionated Hypofractionated

Right
Left

Right
Left

FB FB RG FB FB RG

CTVp_breast V95% (%) 94.6 92.6 94.7 94.6 91.8 94.4
92.6–97.1 88.4–95.4 92.6–97.2 92.6–96.4 87.0–94.9 91.7–96.6
70.6–99.1 72.0–99.3 81.4–99.7 79.4–99.4 80.0–98.7 76.8–99.0
p¼ .78 p< .001 – p¼ .50 p< .001 –

LADCA Dmax (Gy) 0.6 112.9 12.6 0.4 11.8 11.0
0.2–1.1 10.2–18.0 7.9–20.4 0.2–0.9 8.7–15.4 6.1–18.0
0.1–26.3 0.5–48.0 2.2–29.5 0.0–19.7 0.18–39.3 2.4–32.0
p< .001 p¼ .56 – p< .001 p¼ .22 –

Lung MLD (Gy) 9.0 8.3 7.3 7.3 6.4 5.8
7.0–10.9 6.2–10.3 5.7–9.0 5.6–9.0 4.9–8.3 4.6–7.2
3.1–15.7 3.3–12.2 2.9–11.7 3.0–11.2 3.0–10.1 2.5–9.4
p< .001 p< .001 – p< .001 p< .001 –

Lung 16.7 15.3 13.6 16.4 14.6 12.7
V20Gy (%) (normo) 12.2–21.0 10.7–19.8 9.9–17.2 12.0–21.1 10.4–19.5 9.7–16.4
V17Gy (%) (hypo) 4.2–32.0 3.7–24.1 2.0–22.8 4.7–27.2 5.3–23.0 3.3–23.1

p< .001 p< .001 – p< .001 p< .001 –
Heart MHD (Gy) 0.7 1.8 1.5 0.6 1.5 1.2

0.4–1.0 1.4–2.5 1.1–1.9 0.3–0.8 1.1–2.0 0.8–1.6
0.2–2.4 0.4–9.2 0.5–3.5 0.2–2.9 0.3–4.2 0.4–4.7
p< .001 p< .001 – p< .001 p< .001 –

Heart 0.0 0.4 0.1 0.0 0.3 0.1
V20Gy (%) (normo) 0.0–0.0 0.0–1.6 0.0–0.5 0.0–0.0 0.0–1.2 0.0–0.5
V17Gy (%) (hypo) 0.0–0.8 0.0–8.4 0.0–4.1 0.0–1.1 0.0–7.0 0.0–8.9

p< .001 p< .001 – p< .001 p< .001 –
Heart 0.0 0.0 0.0 0.0 0.0 0.0
V40Gy (%) (normo) 0–0 0.0–0.4 0.0–0.0 0.0–0.0 0.0–0.1 0.0–0.0
V35Gy (%) (hypo) 0.0–0.1 0.0–4.6 0.0–1.4 0.0–0.1 0.0–2.7 0.0–4.6

p< .001 p< .001 – p< .001 p< .001 –

Vx%¼ volume (%) receiving x% of prescribed dose or higher. The p values are based on two-tailed Mann–Whitney U-tests and show
whether group distributions differ from RG left-sided patient within each treatment arm.

ACTA ONCOLOGICA 115

D
ow

nl
oa

de
d 

by
 [S

ta
ts

bi
bl

io
te

ke
t T

id
ss

kr
ift

af
de

lin
g]

 a
t 0

5:
15

 0
6 

Ja
nu

ar
y 

20
18

 



treatment plans RG resulted in lower MLD and MHD com-
pared to left-sided treatment plans treated with FB. Figure 1
shows the corresponding box-whisker plots for CTVp-breast
V95% and MHD for the normo- and hypofractionated arms.
CTVp-breast V95% is plotted against MHD in Figure 2 for left-
sided treatment plans for the two arms. The solid line indi-
cates the shift of group mean between FB and RG left-sided
treatment plans.

A comparison between FB and RG for each of the four
centres regarding V95% for both arms and MHD for each arm
is shown in Figure 3.

Discussion

The findings in the DBCG HYPO trial confirmed the expected
advantages regarding target coverage of RG over FB for left-
sided breast cancer patients receiving adjuvant RT in a clin-
ical setting where low dose to the heart had high priority:
RG ensured a target coverage similar to FB right-sided
patients whereas FB left-sided patients had less optimal tar-
get coverage as can be seen in Figures (1,2). From Table 2, it
is seen that compared to RG left-sided treatment only target
coverage for FB right-sided treatment and maximum dose to
LADCA for FB left-sided treatment were not statistically differ-
ent irrespective of randomization arm. The findings between

FB right-sided and FB left-sided versus RG left-sided treat-
ments were identical in the two arms as expected. For right-
sided treatment plans Essers et al. reported no gain from RG
for breast only RT considering dose to OAR [24]. This sup-
ports the usefulness of considering FB right-sided treatment
plans as the control group.

Regarding dose to lung, use of RG reduced the MLD sig-
nificantly, since the irradiated volume of lung was relatively
smaller in the inflated lung. The lung constraints were only
violated in 6 treatment plans. However this may indicate that
target coverage was compromised in other patients.
Maximum dose to LADCA was exceeded in some cases but
heart constraints were never violated. The MHD was lowest
for FB right-sided treatment plans followed by RG left-sided
treatment plans. For the whole-population MHD was signifi-
cantly lower with RG compared to FB for left-sided treatment
plans although not as low as for right-sided treatment plans.
In general, the dose constraint for LADCA lead to low MHD
as the heart was effectively shielded. The benefit from RG
was also seen in better target coverage.

Taylor et al. [4] reported average MHD of about 4 Gy for
left-sided breast only treatments in a review of published
data for radiotherapy given between 2003 and 2013, and
Lorenzen et al. reported MHD of 2.8 and 0.7 Gy for left-sided
and right-sided treatment plans, respectively, treated in

Figure 1. Box-whisker plots for (top) V95% for the CTV for both normo- and hypofractionated arm, (middle) MHD for normofractionated arm, and (bottom) MHD for
hypofractionated arm. Vx%¼volume (%) receiving x% of prescribed dose or higher.
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Denmark with 2D tangential radiotherapy (i.e., before �2005)
[4,25]. These findings, both the international and historical
national doses, are above what is reported in the current
study. This is a direct consequence of the prioritization of
LADCA effectively shielding the heart from irradiation.

The risk of cardiac disease is increasing linearly with MHD
with a rate of 4.1–7.4% per Gy MHD depending on endpoint
[4,5]. Thus, due to the low values of MHD observed in this
study the risk of cardiac disease is expected to be low.

The median V95% of 94.8 and 94.7% for the CTVp_breast
in the normo- and hypofractionated arms for RG left-sided
treatment plans is somewhat lower than what was reported
by Nissen and Appelt in a similar study [16]. In addition, the
MHD dose was higher in their study which can be explained
by the dose limits on LADCA in the present study.
Sch€onecker et al. [26] reported for patients using DIBH a
MHD of 1.3 Gy (based on 50Gy in 25 fractions) which was
very similar to 1.2 Gy presented in the current study [26].

Inherently different target delineation practices, algorithms
and set-up guidelines exist among centres of which the con-
sequences are not clear from Figure 1. Therefore a compari-
son between FB and RG for left-sided treatment plans within
each centre was performed for target coverage and MHD as
shown in Figure 3. Although the same constraints were
applied in each centre differences are seen regarding target
coverage and MHD. It is seen that the outliers in target
coverage seen in Figure 1 can be explained by the data from
Centre 2 showing inferior target coverage compared to the
others. The origin is not clear but can have several causes:
Differences in the medial and dorsal/lateral border of the
CTVp_breast will lead to larger compromises regarding target
coverage in order to fulfill the LADCA constraint. Depending
on the centre-specific depth dose curves in the treatment
planning system the target coverage in the superficial part of
the CTVp-breast can be either over- or underestimated in the
four dose planning systems.

Figure 2. Target coverage of CTV against MHD for FB and RG left-sided patients for (top) normofractionated and (bottom) hypofractionated arm. The solid line indi-
cates the shift of group mean. Vx%¼volume (%) receiving x% of prescribed dose or higher.
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A limitation in the present multicentre study is the varia-
tions such as prioritization of target coverage over dose to
OARs on an individual patient level, more strict local con-
straints for hotspots and more dose from high energy pho-
tons. However, all centres showed increased V95% target
coverage and similar or lower MHD when using RG irrespect-
ive of the system being used compared to FB in the same
centre. For Centre 4 only two patients were treated in FB in
the hypofractionated arm which can explain the large MHD
and spread in the hypofractionated arm.

Conclusions

In this, to our knowledge, largest multicentre study on the
effects of RG for left-sided breast cancer patients we have
shown that separation of heart and target is feasible to an
extent where target coverage is comparable to that of FB
right-sided patients. MLD is lower using RG because of an
absolute increase in lung volume causing a relative decrease
in irradiated volume. MHD is reduced for RG compared to FB
and lower than typically reported due to strict maximum
dose to LADCA. Two RG techniques were used in the study
and were found to be equal in terms of target coverage and
sparing of the heart. Although differences were seen in

target coverage and dose to OARs between centres improved
target coverage was seen within each centre when RG is
applied in all cases.
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Concurrent new drug prescriptions and prognosis of early breast cancer: studies
using the Danish Breast Cancer Group clinical database
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ABSTRACT
Background: Myriad reports suggest that frequently used prescription drugs alter the viability of breast
cancer cells in pre-clinical studies. Routine use of these drugs, therefore, may impact breast cancer
prognosis, and could have important implications for public health.
Methods: The Danish Breast Cancer Group (DBCG) clinical database provides high-quality prospectively
collected data on breast cancer diagnosis, treatment, and routine follow-up for breast cancer recur-
rence. Individual-level linkage of DBCG data to other population-based and medical registries in
Denmark, including the Danish National Prescription Registry, has facilitated large population-based
pharmacoepidemiology studies. A unique advantage of using DBCG data for such studies is the ability
to investigate the association of drugs with breast cancer recurrence rather than breast cancer mortal-
ity – which may be misclassified – or all-cause mortality. Here we summarize findings from pharmacoe-
pidemiological studies, based on DBCG data, on the association between routinely used prescription
drugs and risk of breast cancer recurrence.
Results: Our findings suggest that concurrent use of glucocorticoids, ACE inhibitors, aspirin, NSAIDs,
selective COX-2 inhibitors, digoxin, and opioids has little impact on breast cancer recurrence. Similarly,
patients who use SSRIs concurrently with tamoxifen treatment are not at increased risk of recurrence.
In contrast, post-diagnostic use of simvastatin, a lipophilic statin, correlates with a decreased risk of
breast cancer recurrence, providing a rationale for a prospective randomized clinical trial investigating
simvastatin as an adjuvant therapy for breast cancer.
Conclusion: As a whole, findings of pharmacoepidemiological studies based on DBCG data provide
reassurance to physicians and healthcare personnel who provide supportive care during and after can-
cer (including prescriptions for comedications) and to breast cancer survivors for whom the risk of
breast cancer recurrence is a major concern.

ARTICLE HISTORY
Received 7 September 2017
Accepted 9 November 2017

Introduction

Breast cancer is the most common malignancy among
women worldwide. In 2017, about 4900 women in Denmark
will be diagnosed with breast cancer (http://www-dep.iarc.fr/
NORDCAN/english/StatsFact.asp?cancer ¼200&country ¼208).
The dissemination of increasingly effective adjuvant therapies
has enlarged the pool of breast cancer survivors [1].

Denmark has a strong tradition and history of high quality
registries with prospectively collected data. For 40 years, the
Danish Breast Cancer Group (DBCG) clinical database has rou-
tinely registered data on breast cancer patients diagnosed in
Denmark [2,3]. The DBCG data quality and validity are high
[4]. The database records menopausal status, date and type
of surgery, tumor characteristics, cancer treatment, and fol-
low-up, including routine registration of breast cancer recur-
rence. For all patients who undergo breast cancer surgery,
the DBCG registers data on follow-up examinations to detect

recurrent disease. These examinations occur semiannually
during the first 5 years after diagnosis and annually the next
5 years [5]. The DBCG records the civil personal registration
(CPR) number, facilitating individual-level data linkage across
Denmark’s population-based registries (Figure 1), including
the Danish National Prescription Registry [6].

Several frequently used prescription drugs alter breast
cancer cell growth in vitro. The prospect of improving breast
cancer prognosis through use of affordable drugs with rela-
tively benign side effects has great appeal. Conversely, the
potential for such medicines to worsen prognosis has critical
implications for treatment of breast cancer and comorbid-
ities, and for cancer-related healthcare costs.

Here, we present findings from selected pharmacoepide-
miological studies that linked data from the DBCG to popula-
tion-based prescription registries in Denmark. The studies
aimed to investigate the impact of routinely prescribed drugs
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on the risk of breast cancer recurrence and mortality. We dis-
cuss findings for each drug in the context of the existing lit-
erature and highlight the clinical implications of observed
associations.

Methods

Search strategy

We included observational studies that linked DBCG data to
the following population-based prescription databases in
Denmark: the Danish National Prescription Registry [7], the
Aarhus University Prescription Database (AUPD) [8], and the
Danish National Health Service Prescription Database [9].
Study data, design, and analytic strategy are described in the
individual research papers. We provide brief synopses.

Study design and study population

Except for two studies, all used a cohort design, including
patients diagnosed with breast cancer registered in DBCG.
Three cohort studies included patients diagnosed between
1996 and 2003 with follow-up through 2008 [10–12]. Later
the cohorts were expanded to include patients diagnosed
between 1996 and 2008 with follow-up through July 2013
[13–15]. Patients diagnosed with metastatic breast cancer
were excluded from all studies. Follow-up began on the date
of breast cancer primary surgery, as recorded in DBCG, and
ended on the date of breast cancer recurrence, death, 10
years, or end of follow-up.

Our studies of SSRIs, tamoxifen inhibition, and breast can-
cer recurrence used a case–control design, nested in the
population of breast cancer patients diagnosed during
1985–2001, registered in the DBCG, who resided in the

former Danish counties of North Jutland, Aarhus, Viborg, and
Ringkøbing. We subsequently included women diagnosed
during 1996-2001, registered in DBCG, who resided in
Jutland. We included (1) ERaþ/Tþ: ERaþpatients treated
with tamoxifen for>¼1 year, and (2) ERa–/T–: ERa– patients
not treated with tamoxifen, who survived>¼1 year. ‘Cases’
had recurrence within 10 years of diagnosis. “Controls” did
not have a recurrence when their matched case recurred. We
matched one control to each case based on ERaþ/Tþor
ERa–/T–, menopausal status, breast cancer surgery date,
county, and stage. We identified 541 ERaþ/Tþ cases and 541
matched controls, and 300 ERa–/T– cases and 300 matched
controls.

Prescription data

The Danish National Prescription Registry, maintained by
Statistics Denmark, has registered all prescriptions dispensed
at Danish pharmacies since 1995. Recorded data include
the redemption date, prescribed drug [classified using
Anatomical Therapeutic Chemical (ATC) codes], and fill quan-
tity (see Appendix for list of ATC codes) [7]. For the cohort
studies, prescription drug data were ascertained from the
Danish National Prescription Registry. Via Statistics Denmark,
the prescription data were linked from the Prescription
Registry to the clinical cohort. For each drug, users were indi-
viduals who redeemed at least one prescription following
breast cancer diagnosis. In all studies, medication use was
modeled as a time-varying exposure, updated daily and
lagged by 1 year, to avoid reverse causation and immortal
person-time bias [16].

For one case–control study [17], we ascertained informa-
tion on prescriptions from the AUPD [8]. The AUPD has

Figure 1. The Civil Personal Registration (CPR) number facilitates individual-level linkage of DBCG data to other population-based and medical registries in
Denmark.
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received and merged prescription data from the former
Danish counties of North Jutland, Aarhus, Ringkjøbing, and
Viborg (since 1989, 1996, 1998, and 1998, respectively). Since
2007, data in the AUPD are merged with data from the com-
munity pharmacies of the Central and North Denmark
Region. The database records prescriptions dispensed at
pharmacies for drugs that receive general or conditional
reimbursement.

Outcomes

We obtained recurrence and vital status data from DBCG,
which routinely follows patients for the development of
recurrent disease up to ten years after primary diagnosis [4].
The DBCG defines breast cancer recurrence as any local,
regional, or distant recurrent breast cancer, or contralateral
breast cancer diagnosed during follow-up. Specific details on
the site of recurrent breast cancer are also recorded.

Statistical analyses

Descriptive characteristics of the study populations were out-
lined. In the cohort studies, Cox regression models quantified
the association of each prescription drug with rates of recur-
rence and all-cause mortality. In the case–control studies,
conditional logistic regression estimated the association of
SSRI use with recurrence.

Results

Statins

Statins (hydroxy-3-methylglutaryl coenzyme A – HMG-CoA
reductase inhibitors) inhibit the rate-limiting step of choles-
terol biosynthesis, and thereby lower serum cholesterol and
prevent atherosclerotic disease. Although statins target lipid
metabolism, they also exert pleiotropic effects including
mevalonate inhibition, which impacts cell growth, signal
transduction, differentiation, and apoptosis [18]. Statins thus
modulate several physiological processes essential to cancer
initiation and promotion. Although statins do not impact
breast cancer incidence, observational data suggests the anti-
cancer effects of statins in preclinical studies extend to modi-
fying cancer outcomes.

We investigated the association of post-diagnostic statin
use and breast cancer recurrence. Among over 18,000 Danish
breast cancer patients registered in DBCG, we observed 20%
lower rate of recurrence among users of lipophilic statins, pri-
marily simvastatin [12]. In accordance with our a priori
hypotheses, we observed no decrease in recurrence rates
associated with hydrophilic statin use. The decreased rate of
recurrence among users of lipophilic statins was observed for
ipsilateral, contralateral, and regional lymph node recur-
rences, but not for bone metastases. The decreased rate of
recurrence was robust to stratified analyses, although slightly
stronger for ERþ than ER– tumors, consistent with two previ-
ously published small studies [19,20]. Lower risks of recur-
rence or mortality in lipophilic statin users have been

observed in a further four [21–24] out of five [25] observa-
tional studies.

The Breast International Group 1-98 (BIG 1-98) double-
blind randomized clinical trial compared tamoxifen, letrozole,
or a sequence of the two drugs in 8010 postmenopausal
patients – 1396 patients were included via DBCG [26]. A post-
hoc observational study within BIG 1-98 investigated the sur-
vival benefit of cholesterol-lowering drugs during endocrine
therapy among 1700 breast cancer patients [27]. Findings
suggested that patients with ERþbreast tumors who used
cholesterol-lowering medications had lower rates of recur-
rence compared with non-users.

Candidate biomarkers that may modify the effect of sta-
tins on tumor growth include HMG-CoA reductase expression
[28], as well as several polymorphic genes encoding enzymes
that metabolize statins [29]. Some believe that the cancer
survival benefits of statins are attributable to selection and
immortal person-time bias [30]. Using SEER-Medicare data,
Emilsson et al. emulated a clinical trial investigating statin ini-
tiation up to 6 months after cancer diagnosis and cause-spe-
cific and all-cause mortality up to 3 years after colorectal,
breast, prostate and bladder cancer diagnosis. Although the
study had short follow-up, and no data on cancer recurrence,
the paper highlights important limitations of the published
studies of statins and cancer outcomes. Nonetheless, the ana-
lysis grouped all cancer sites together, thus allowing benefi-
cial associations for one cancer site (breast cancer) [12,29] to
be masked when averaged with null associations at other
cancer sites (colorectal cancer) [31]. Despite the promising
observational data, the hypothesis that statin therapy may
reduce the risk of breast cancer recurrence has never been
examined in a randomized clinical trial.

Aspirin, non-steroidal anti-inflammatory drugs (NSAIDs),
and selective COX-2 (sCOX-2) inhibitors

Aspirin, NSAIDs, and sCOX-2 inhibitors target the cyclooxyge-
nase enzymes, COX-1 and COX-2, which promote angiogen-
esis and prevent apoptosis. COX-1 expression is ubiquitous;
COX-2 is expressed during inflammation and in cancer [32].
Laboratory studies suggest that drugs targeting these
enzymes inhibit breast cancer cell growth [33–35], but find-
ings from observational studies are inconsistent [36–45]. For
aspirin, three studies report lower mortality risks [36,38,46];
others show no association [37,42–44,47,48]. For NSAIDs,
decreased mortality risks [38,39,49] and null associations
have been reported [40,48,49]. Reasons underlying the incon-
sistent findings include variation in ascertainment of drug
exposure (i.e., self-reported versus prescription-based) and
confounder adjustment.

Low-dose aspirin reduces the risk of cardiovascular dis-
ease, so studies that assessed mortality [36–40,43], rather
than the cancer-specific outcome recurrence [36,39], could
not distinguish an effect of low-dose aspirin on cancer (via
recurrence) from its direct effect on mortality. Importantly,
several published aspirin studies did not adjust for statins
[19,20,36,38–40,42,46], which are frequently prescribed with
aspirin to prevent cardiovascular disease.
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Our study of 34,188 breast cancer survivors showed no
evidence of decreased recurrence rate associated with post-
diagnostic aspirin, NSAIDs, or sCOX2 inhibitor use [13]. Our
results were unchanged in stratified analyses and in
analyses examining drug exposure and site-specific cancer
recurrence.

Findings from preplanned analyses of pre-diagnostic
aspirin use, and post-hoc analyses of pre-diagnostic use of
NSAIDs and sCOX-2 inhibitors, suggested a slight decreased
risk of recurrence. Our findings for pre-diagnostic aspirin use
support a previous study by Barron and colleagues [41]. Pre-
diagnostic use of these drugs may confer less aggressive
tumor phenotypes [50], but these findings are unlikely to be
of meaningful clinical relevance.

Despite inconsistent findings from observational studies, a
randomized placebo-controlled clinical trial (NCT02804815) is
underway to investigate the efficacy of adjuvant aspirin
(100mg or 300mg versus placebo) in breast cancer patients,
and in patients with colorectal, gastro-esophageal, and pros-
tate cancers. The results of the trial will become available in
2026.

b-Blockers, ACE inhibitors, and ARBs

b-Blockers are indicated for hypertension and heart disease.
They compete with epinephrine and norepinephrine to bind
b-adrenergic receptors (b-AR) 1 and 2, thereby inhibiting the
stress response. Physicians have increasingly prescribed
selective b-blockers targeting b-AR1, such as atenolol, rather
than non-selective b-blockers, such as propranolol, due to
their cardioselective properties [51].

Breast tumors express b-ARs and preclinical studies sug-
gest b-blockers prevent angiogenesis and metastasis [52].
Accordingly, drugs that inhibit b-ARs may favorably impact
cancer survival. Epidemiologic studies note decreased risk of
cause-specific mortality and breast cancer recurrence
associated with b-blocker use [53,53–56]. Propranolol use has
been correlated with an 80% decreased rate of breast can-
cer-specific mortality [55]. However, findings are inconsistent
[22,52,57] and imprecise [58].

The indications for angiotensin-converting enzyme inhibi-
tors (ACEis) and angiotensin receptor blockers (ARBs) are like
those for b-blockers, but also include prevention of renal
insufficiency in type II diabetes and chronic kidney disease.
These drugs inhibit the renin-angiotensin–aldosterone system
(RAAS) [59]. Genetic polymorphisms that increase RAAS activ-
ity increase activation of several biomarkers and pathways
essential to tumourigenesis. RAAS polymorphisms correlate
with increased risk of breast cancer [60]. Thus ACEis and
ARBs may prevent breast cancer progression. However,
observational studies show decreased [61], null [62,63], and
increased [22,64] risks of breast cancer progression or mortal-
ity associated with ACEis or ARBs.

In a cohort of 18,733 breast cancer patients registered in
DBCG, we observed no evidence of a protective effect of
b-blockers, ACEis, or ARBs on breast cancer recurrence [11].
The null associations remained robust regardless of selectivity

or lipophilicity of b-blockers and the timing or intensity of
drug use.

In a meta-analysis, Raimondi et al. [65] summarized the
association of b-blockers, ACEis, and ARBs with progression
in breast cancer patients. They concluded that b-blocker use
correlated with longer disease-specific survival, while ACEis
or ARBs had little impact on breast cancer survival. However,
several of the included studies comprised small samples and
some were prone to immortal person-time bias [20], which
can inflate the magnitude of a protective association.
Notably, the studies that reported null findings had the larg-
est sample sizes and highest number of exposed patients
who developed the outcome [11,22,56,66]. A recent study
reported dramatically improved progression-free survival in
patients with advanced HER-2 negative breast cancer who
participated in the ROSE/TRIO-012 study [67]. The study has
many limitations precluding any inference of a truly benefi-
cial effect, most importantly the strong potential for the
decreased risk of progression-free survival to have arisen
from immortal person–time bias. These findings provide
reassurance to cancer survivors and their physicians that use
of b-blockers, ACEis, or ARBs is unlikely to exacerbate cancer
progression.

Glucocorticoids

Synthetic glucocorticoids mediate immunosuppressive effects
and are indicated for acute and chronic inflammatory dis-
eases. In breast cancer cells, glucocorticoid treatment induces
a less invasive phenotype in ER-negative cells compared with
untreated ER-negative cells or ER-positive cells [68]. While
glucocorticoid use does not correlate with breast cancer inci-
dence [69], it may help tumor cells evade immune detection,
thus aid cancer progression.

Using the DBCG database, we conducted the first and
only large population-based study to investigate the associ-
ation between prescriptions for glucocorticoids and risk of
breast cancer recurrence [10]. We found no evidence of an
association between prescriptions for systemic, inhaled, or
intestinal-acting glucocorticoids and risk of recurrent breast
cancer. These findings remained robust in stratified analyses
– providing reassurance to patients and physicians about the
safety of these drugs.

Opioids

Opioids are central to pain management, but they inhibit key
elements of cell-mediated immunity – the primary innate
defense against cancer [70]. Preclinical studies suggest that
high-dose opioids inhibit angiogenesis, metastasis, and
induce apoptosis. Morphine, a strong opioid, does not initiate
tumourigenesis, but in vitro research suggests it promotes
cancer progression. Tramadol has similar analgesic properties
to morphine, and research in patients undergoing surgery for
uterine carcinoma shows it can activate natural killer cells in
the postoperative period [71]. Thus, opioids may modify can-
cer progression, but the direction of this association is not
clear.
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Opioid use is increasing [72], particularly in cancer survi-
vors [73]. Studies have primarily investigated recurrence risk
associated with perioperative opioid use. Most [74–76], but
not all [77,78], have concluded that morphine-based systemic
anesthesia correlates with increased recurrence risk com-
pared with non-systemic anesthesia.

Our study linking DBCG data with population-based pre-
scription data in Denmark is the first study to investigate the
impact of opioid use on cancer recurrence [14]. Our study
population included 34,188 patients with non-metastatic breast
cancer followed for up to ten years after their primary diagno-
sis. We evaluated the impact of opioid strength, cumulative
dose according to morphine equivalents, immunosuppressive
effects, and chronicity of use, on recurrence risk. Except for the
strongly immunosuppressive drugs, our findings show no evi-
dence of an association between opioid use and breast cancer
recurrence. Among patients who used strongly immunosup-
pressive drugs, we observed decreased recurrence, but
increased mortality, likely attributable to channeling bias [79].

Thus, opioids do not appear to modify cancer progression.
This is important to the increasing number of cancer survivors
for whom management of post-cancer pain is a major concern.

Digoxin

Cardiac glycosides, including digoxin and digitoxin, inhibit
the Naþ/KþATPase pump, and treat congestive heart failure
and atrial fibrillation. Preclinical research highlights anti-can-
cer effects of cardiac glycosides, including pro-apoptotic
effects and topoisomerase II inhibition, a target of several
cancer therapies. Observational research suggests that pre-
scription use of cardiac glycosides correlates with increased
risk of breast cancer [80–82]. This result questions the safety
of cardiac glycoside use by breast cancer survivors. Digoxin
use correlates with better prognostic features in cancer [83].
However, prior to the publication of a study using DBCG
data, only one study had reported on the impact of digoxin
use on breast cancer prognosis. Among 175 patients fol-
lowed for 22.3 years, Stenkvist observed a lower breast can-
cer-specific mortality rate (6%) associated with use of digitalis
(digoxin) before breast cancer diagnosis compared with non-
users (mortality rate ¼34%) [84]. However, in this small study,
only 2 out of 32 patients died from breast cancer.

In 2013, Biggar et al. investigated the association between
prescription use of digoxin and tumor characteristics, and
breast cancer relapse among 34,085 breast cancer patients
registered in DBCG [15]. Better prognostic features (higher
frequency of ERþ tumors, lower histologic grade, and less
advanced stage at diagnosis) were observed among women
who used digoxin, but overall digoxin use did not correlate
with breast cancer relapse. These findings have since been
replicated in a UK-based study by Karasneh et al. [85].

Selective serotonin reuptake inhibitors

Two-thirds of breast cancer patients have tumors that express
estrogen receptor alpha (ERa), and are candidates for adjuvant
endocrine therapy. Tamoxifen reduces the risk of breast cancer

recurrence by about 50%. It is the only endocrine therapy rec-
ommended for ERaþpremenopausal breast cancer patients,
and an important alternative or sequential treatment to aro-
matase inhibitors for postmenopausal patients. Tamoxifen
effectiveness is often tempered by the development of tam-
oxifen resistance, defined clinically as breast cancer recurrence.
No biomarker of resistance beyond the absence of ERa has
been identified [86]. Cytochrome P450 (CYP) enzymes catalyze
tamoxifen metabolism to 4-hydroxy tamoxifen and 4-hydroxy-
N-desmethyl tamoxifen (endoxifen) [87]. Tamoxifen metabol-
ism is inhibited when women carry variant alleles leading to
enzymatic impairment, or are concomitantly prescribed drugs
that inhibit or compete for CYP2D6 [87].

SSRIs are used to treat depression and vasomotor symp-
toms due to menopause or side effects of tamoxifen. Women
who use SSRIs and tamoxifen can have low serum endoxifen
concentration, similar to women who carry no functional
CYP2D6 allele [88,89]. Such women may have increased risk
of breast cancer recurrence. Many studies have investigated
the association between drug-induced inhibition of tamoxi-
fen and breast cancer recurrence or mortality. Their findings
are heterogeneous, with effect estimates ranging from a 0.3-
fold decreased risk to a 3-fold increased risk of recurrence or
death [88]. Reasons for the heterogeneity of the findings are
not clear and are reviewed elsewhere [87,90–92].
Nonetheless, no single study characteristic can explain the
inconsistency. A recent very large and methodologically
strong pharmacoepidemiological study found a null-associ-
ation between concomitant use of the SSRIs fluoxetine and
paroxetine, both strong CYP2D6 inhibitors, and mortality
among breast cancer patients receiving tamoxifen [93].

Consistent with this result, our nested case–control study
of early-stage breast cancer patients registered in the DBCG
showed no evidence that citalopram or other SSRIs diminish
tamoxifen effectiveness in reducing breast cancer recurrence
[17,94–96]. Furthermore, the use of SSRIs was not associated
with recurrence risk in ER-negative breast cancer patients
who received no tamoxifen, indicating no contraindication
for use of these drugs after breast cancer diagnosis.

To be effective, tamoxifen and its metabolites must com-
pete with estrogen for ER binding. Yet all existing clinical epi-
demiology studies of tamoxifen inhibition have included
mostly post-menopausal women in whom estrogen concen-
trations are low. For this reason, in collaboration with DBCG,
we have established a cohort of approximately 6000 preme-
nopausal breast cancer patients, in whom estrogen concen-
trations are much. We will investigate tamoxifen metabolites,
refining existing knowledge with comprehensive genotyping
and incorporating comedications that inhibit the metabolism.
Importantly, this design improves the current research para-
digm, because non-null associations are most likely in preme-
nopausal women (given higher endogenous estrogen) and
because tamoxifen drug is the guideline anti-hormoanl ther-
apy for premenopausal women.

Conclusions

Breast cancer accounts for a significant proportion of cancer
deaths in women, and incurs extensive healthcare costs
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worldwide. Identifying treatments with a beneficial role in
breast cancer therapy and few side effects has huge public
health implications. Findings from observational pharmacoe-
pidemiology studies are unlikely to change clinical practice in
the absence of a clinical trial. However, observational studies
help identify patterns of association, pinpointing subcatego-
ries of patients likely to benefit from particular treatments, as
well as those at risk of harmful treatment effects.
Furthermore, adjuvant cancer-directed therapies may be
difficult to implement in nations with a low Human
Development Index, which incur a substantial proportion of
the breast cancer burden [97].

Post-diagnosis statin use consistently correlates with lower
recurrence and mortality risk in non-randomized studies.
Statins are inexpensive, chemically stable without refriger-
ation, and have a well-understood safety profile. Their anti-
cancer potential among breast cancer survivors in low-
resource settings merits consideration, and may also improve
cardiovascular health in breast cancer survivors in these
nations.

Pharmacoepidemiology studies using DBCG data have
noteworthy strengths. Individual-level linkage across Danish
databases creates large cohorts nested in a nationwide
source population. Tumor, treatment, and follow-up data in
the DBCG registry are clinical trial quality [2,3]. Selection bias
is negligible due to near-complete enrollment of breast can-
cer cases from the source population. Since Danish legislation
does not require informed consent for registry-based studies,
pharmacoepidemiology studies are not prone to bias due to
self-selection. As well, linkage to the Danish National
Prescription Registry provides information on prescriptions
redeemed at pharmacies. In Denmark, patients pay a propor-
tion of the cost of each prescription, so those who redeem a
prescription are likely to consume the medication. The cohort
studies coupling DBCG data to prescription data used lagged
post-diagnostic drug exposures to avoid reverse causation,
while capturing exposure during etiologically plausible time
periods. This lag was generally 1 year – long enough to allow
the drug to impact recurrence, but not so long as to reduce
the likelihood of detecting a potential association. Sensitivity
analyses altering the exposure lag yielded similar findings,
justifying the lag duration.

A major advantage of the DBCG database for pharmacoe-
pidemiology studies is the routine and valid recording of
breast cancer recurrence during follow-up. Recurrence is a
cancer-specific endpoint, so it highlights the direct effect of
the drug on cancer, rather than on mortality. A study of sta-
tin use among Danish colorectal cancer patients showed a
protective effect on cancer-specific and all-cause mortality,
but not on recurrence – highlighting the importance of
studying recurrence rather than mortality [31].

Several issues are relevant when interpreting the studies
discussed above. All the studies ascertained comorbid dis-
eases at the time of breast cancer diagnosis, but lacked infor-
mation on the severity of these conditions, which may
influence cancer-directed treatment. The comorbidity data
relied on comorbidities sufficiently severe to warrant hospital
admission or a visit to an outpatient clinic or emergency
room. Thus, milder conditions, treated by primary care

physicians, were unavailable. In several studies, the number
of prescriptions was a proxy for cumulative dose, as the
actual prescribed drug dose is not available in the Danish
National Prescription Registry. Information on in-hospital
drug use was also lacking. This may be particularly important
for the studies on glucocorticoids, opioids, NSAIDs, and
selective Cox-2 inhibitors, all of which are indicated for pain,
and for glucocorticoids, used to treat emesis.

Thus, the pharmacoepidemiological studies coupling
DBCG data with prescription registry data suggest that the
use of aspirin, NSAIDs, sCOX-2 inhibitors, ACEis, beta-blockers,
ARBs, glucocorticoids, digoxin, SSRIs, and opioids has little
effect on breast cancer recurrence. Concerns about recur-
rence should not impact patient–physician decisions about
the use of these drugs after breast cancer diagnosis. The
lipophilic statin, simvastatin, may be beneficial in breast can-
cer survivors. Several subsequent observational studies have
replicated the DBCG-based statin study findings. The large
size of the DBCG-based study makes it unlikely that another
observational study can substantially improve upon it. The
convincing evidence from the accumulating observational
data and post-hoc BIG 1-98 analyses provide strong justifica-
tion for a trial. Such a trial also may provide impetus for
research on statins and other cancers, several of which may
also show a pleiotropic cancer-directed benefit.
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ABSTRACT
Background: While comorbidity indices are useful for describing trends in survival, information on spe-
cific comorbidities is needed for the clinician advising the individual breast cancer patient on her treat-
ment. Here we present an analysis of overall survival, breast cancer-specific mortality, and effect of
medical adjuvant treatment among breast cancer patients suffering from 12 major comorbidities com-
pared with breast cancer patients without comorbidities.
Material and methods: The study population was identified from the Danish Breast Cancer
Cooperative Group and included 59,673 women without prior cancer diagnosed with early-stage breast
cancer in Denmark from 1990 to 2008 with an estimated median potential follow-up of 14 years and
10 months. Information on comorbidity and causes of death was derived from population-based regis-
tries. Multivariable proportional hazards regression models were used to assess the effect of comorbid-
ities on mortality, all-cause and breast cancer specific, using patients without comorbidity as reference.
Results: At breast cancer diagnosis, 16% of patients had comorbidities and 84% did not. Compared
with the latter, the risk of dying from all causes was significantly increased for all types of comorbidity,
but the risk of dying from breast cancer was significantly increased only for peripheral vascular disease,
dementia, chronic pulmonary disease, liver, and renal diseases. Comorbidities diagnosed within 5 years
of breast cancer diagnosis correlated with a greater risk of dying than comorbidities diagnosed more
than 5 years before breast cancer diagnosis. With a few exceptions, the effect of adjuvant treatment
on breast cancer mortality was similar among patients with and without comorbidity.
Conclusion: Breast cancer mortality was not significantly elevated for patients with prior myocardial
infarction, congestive heart failure, cerebrovascular disease, connective tissue disease, ulcer disease,
and diabetes. The similar effect of adjuvant treatment in patients with and without comorbidity under-
lines the importance of adhering to guideline therapy.
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Accepted 16 November 2017

Introduction

Preexisting diseases at breast cancer diagnosis, comorbidity,
may influence the prognosis after breast cancer in several
ways. If the comorbidity involves organ failure, like compro-
mised respiratory, cardiac, or renal function, curative treat-
ment may not be possible leading to an increased risk of
dying from breast cancer due to insufficient treatment. On
the other hand, the risk of dying from the comorbidity may
be so high that the patients may not live for sufficiently long
time to benefit from breast cancer treatment even if they
receive guideline therapy [1].

Most published reports on comorbidity have combined
the diseases into one summary measure like the Charlson
Comorbidity Index [2]. Several studies demonstrate that a
high comorbidity score is associated with a reduced likeli-
hood of receiving guideline therapy and an increased risk of
dying from breast cancer as well as from all causes [1,3–5].
Yet, few studies have addressed associations between spe-
cific comorbid conditions and breast cancer prognosis. Such
information may be helpful for the clinician advising the

individual patient on her treatment. In a study of 64,034
patients with breast cancer diagnosed at a median age of 75
years identified from the Surveillance, Epidemiology, and End
Results – Medicare database, Patnaik et al. [6] found that
each of the 13 comorbid conditions examined was associated
with decreased overall survival and increased mortality. Apart
from prior cancer, diabetes was the condition with the high-
est prevalence, present in 13% of the patients. Compared
with nondiabetic women, patients with breast cancer and
preexisting diabetes are reported to have a greater risk of
death, to present at later stages, and receive altered treat-
ment regimens [7,8].

Based on data from the Danish Breast Cancer Cooperative
Group (DBCG), we have previously reported that comorbidity
as measured by Charlson’s Comorbidity Index at breast can-
cer diagnosis was an independent adverse prognostic factor
for death after breast cancer [4]. The aim of this analysis was
to examine the relationship between 12 major separate
comorbidities derived from Charlson’s Comorbidity Index and
overall survival, breast cancer specific mortality, and effect of
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medical adjuvant treatment compared with breast cancer
patients without comorbidities.

Material and methods

We performed a population-based cohort study by linking
the following Danish registers using the unique personal
identification number: the Danish Breast Cancer Cooperative
Group (DBCG), the Danish National Patient Register (NPR),
the Central Population Register (CPR), and the Danish
Register of Causes of Death (RCD).

From the database of the DBCG we identified 62,591
women diagnosed with early-stage breast cancer in Denmark
from 1990 to 2008. The DBCG is a nationwide multidisciplin-
ary group, which since 1977 has registered women diag-
nosed with primary invasive non-metastatic breast cancer
with a completeness gradually improving to more than 95%
[9]. The DBCG provided information on tumor characteristics
and treatment.

Information on comorbidity was obtained from the NPR,
which has registered in-patient diagnoses since 1977 and
outpatient diagnoses since 1995 [10]. The International
Classification of Disease (ICD)-codes were grouped into 12
categories, modified from the Charlson Comorbidity Index:
myocardial infarction, congestive heart failure, peripheral vas-
cular disease, cerebrovascular disease, dementia, chronic pul-
monary disease, connective tissue disease, ulcer disease, liver
disease (all grades), diabetes (all types), hemiplegia, and
moderate to severe renal disease. We excluded 2910 patients
with a prior cancer, leukemia or lymphoma, and eight
patients with AIDS, leaving 59,673 patients available for ana-
lysis. Hospital contacts in a period from 10 years before and
up to breast cancer diagnosis were included. ICD codes for
identification of the comorbid diseases are listed in
Supplementary Table I. Each patient can be registered with
comorbidity in more than one category.

We grouped the diagnoses according to the time period
in which the comorbidities were registered: within 5 years
before the breast cancer diagnosis and from 10 to 5 years
prior to the breast cancer diagnosis. Comorbidities can occur
in both intervals for the same patient. The patients were fol-
lowed from diagnosis to death, emigration or the end of
December 2015 by linkage to the CPR. Information on cause
of death was derived from RCD [11].

Statistical analysis

Endpoints were time to death, irrespective of cause (all-cause
mortality and overall survival (OS)), and time to death from
breast cancer (BC mortality), considering death from other
causes as competing events. OS was calculated from time of
breast cancer diagnosis using Kaplan–Meier estimates. BC
mortality was calculated as cumulative incidence estimates.
Follow-up time was quantified in terms of a Kaplan–Meier
estimate of potential follow-up [12].

Univariate and multivariate regression analyses were per-
formed, using Cox proportional hazards model for all-cause
mortality and Fine-Gray proportional hazards subdistribution

model for BC mortality. Comorbidities were included with
one factor for each category, using patients with no comor-
bidity as reference. Factors included in the multivariable anal-
yses were age (5-year categories), year of surgery, tumor size,
lymph node status, lymphovascular invasion, invasion resec-
tion margin, histological type and grade, estrogen receptor
(ER) status, menopausal status, and treatment (loco-regional
and systemic). The assumption of proportional hazards was
assessed by Schoenfeld residuals and by including time-
dependent covariates in the model. Histology, ER status, and
menopausal status did not fulfill the assumption and were
included as stratification factors. Multivariate models were
applied to investigate interaction between diabetes and vas-
cular comorbidities in separate models, and to explore sub-
groups of comorbidity according to time and adjuvant
treatment, respectively.

All p values are two-sided. Statistical analyses were done
using SAS v9.4 (SAS Institute, Inc., Cary, NC, USA), and STATA
IC 14 (StataCorp, College Station, TX, USA).

Table 1 Characteristics of 59,673 women diagnosed with early-stage breast
cancer between 1990 and 2008 in Denmark.

Characteristics of the
study population

Number of deaths

Number of
patients (%)

Breast
cancer

Other
causes

59,673 (100) 20,381 10,648
Age at diagnosis

<40 2808 (5) 943 73
40–49 9875 (17) 2695 494
50–59 15,213 (25) 4396 1277
60–69 15,198 (25) 4855 2790
70–79 10,655 (18) 4456 3594
80þ 5924 (10) 3036 2420

Tumor size
�10mm 8257 (14) 1235 1454
11–20mm 22,542 (38) 5638 4256
21–50mm 22,267 (37) 9399 3874
51þ mm 2774 (5) 1797 346
Unknown 3833 (6) 2312 718

Histology and grade
Ductal I 14,192 (24) 3391 2948
Ductal II 19,649 (33) 6826 3320
Ductal III 10,587 (18) 4421 1276
Ductal unknown grade 1430 (2) 492 281
Lobular 6587 (11) 2320 1279
Other 4293 (7) 1011 953
Unknown 2935 (5) 1920 591

ER-status
Positive �10% 41,891 (70) 12581 7782
Poor <10% 11,734 (20) 4697 1547
Unknown 6048 (10) 3103 1319

Nodal status
Positive 25,943 (43) 11382 3355
Negative 31,079 (52) 7190 6798
Unknown 2651 (4) 1809 495

Surgery
Lumpectomy 19,047 (32) 3433 2389
Mastectomy 37,911 (64) 15042 7735
Biopsy only 2715 (6) 1906 524

Adjuvant therapy
None 15,915 (27) 3678 3094
Chemotherapy 7871 (13) 2723 465
Chemo- and endocrine treatment 4692 (8) 644 128
Endocrine alone 13,943 (23) 4302 2033
Unknown 17,302 (29) 9034 4928
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Results

The study population included 59,673 breast cancer patients
with a median age of 61 years and with an estimated median
potential follow-up of 14 years and 10 months. A total of
31,029 patients had died, 66% from breast cancer and 34%
from other causes (Table 1). A third of the patients had a
lumpectomy and about two thirds a mastectomy, while 5%
had a biopsy only. For these, the histological diagnosis is
often just stated as ‘carcinoma’ which explains why tumor
size and histological type were unknown for about 6% of the
patients. Seventy percent of the patients had ER positive
tumors and 43% were node positive. Adjuvant medical

treatment was not indicated for 27% of the patients because
at the time of their diagnosis they were considered at low
risk of recurrence, while 44% received chemotherapy or
endocrine treatment alone or sequentially. For 29% the
DBCG did not have information on given adjuvant therapy.

Table 2 gives an overview of the 12 categories of comor-
bidity in relation to 5- and 10-year OS and BC mortality. The
OS was 79% after 5 years and 64% after 10 years among
49,928 patients (84%) with no comorbidity registered before
the breast cancer diagnosis. The presence of any of the
comorbidities reduced OS, most pronounced for dementia
with a 5-year OS of 28% and a 10-year OS of 9%. Similarly
for BC mortality it was 18% at 5 years and 28% at 10 years

Table 2. Comorbidity among 59,673 Danish women 0–5 and 5–10 years before diagnosis of breast cancer (BC) in relation to 5- and 10-year overall survival (OS)
and breast cancer specific mortality (BCM).

No. of
patients

Disease before BC No of deaths 5-year 10-year

�5 years >5 yearsa BC Other causes OS % (95% CI) BCM % (95% CI) OS % (95% CI) BCM % (95% CI)

Total 59673
None 49928 16616 7660 78.9 (78.5;79.2) 17.9 (17.6;18.2) 63.9 (63.5;64.3) 28.0 (27.6;28.4)
Myocardial infarction 831 562 322 351 305 56.7 (53.2;60.0) 28.6 (25.6;31.7) 34.3 (31.0;37.6) 39.2 (35.8;42.5)
Congestive heart failure 1168 958 302 502 511 42.4 (39.6;45.2) 33.5 (30.8;36.2) 18.3 (16.1;20.7) 42.5 (39.6;45.3)
Peripheral vascular disease 1076 837 365 430 397 54.6 (51.6;57.5) 28.9 (26.2;31.7) 30.1 (27.3;33.0) 38.2 (35.3;41.2)
Cerebrovascular disease 2154 1612 759 889 726 53.3 (51.2;55.4) 29.9 (27.9;31.8) 32.6 (30.5;34.6) 39.3 (37.2;41.4)
Dementia 369 325 64 211 132 28.1 (23.6;32.8) 48.0 (42.8;53.0) 09.3 (06.5;12.8) 56.8 (51.5;61.8)
Chronic pulmonary disease 2497 2018 888 901 764 62.0 (60.1;63.9) 24.4 (22.8;26.2) 40.4 (38.4;42.4) 34.2 (32.3;36.1)
Connective tissue disease 1236 928 563 428 329 66.7 (64.0;69.2) 22.5 (20.2;24.9) 46.1 (43.1;48.9) 33.0 (30.3;35.7)
Ulcer disease 1169 787 435 458 371 60.8 (58.0;63.6) 26.7 (24.2;29.3) 39.3 (36.4;42.2) 36.2 (33.4;39.0)
Liver disease 340 253 131 129 115 54.4 (49.0;59.5) 27.9 (23.3;32.8) 33.7 (28.5;39.0) 36.3 (31.1;41.5)
Diabetes 1843 1625 744 750 599 57.2 (54.9;59.4) 28.2 (26.2;30.3) 35.6 (33.3;37.8) 38.1 (35.8;40.3)
Hemiplegia 71 55 20 31 21 50.7 (38.6;61.6) 33.8 (23.0;44.9) 32.3 (21.5;43.7) 42.1 (30.0;53.7)
Renal disease 328 255 112 122 109 50.0 (44.5;55.3) 30.8 (25.9;35.8) 33.6 (28.4;38.8) 35.5 (30.4;40.7)

BC: breast cancer; OS: overall survival; BCM: breast cancer mortality; CI: confidence interval.
a�10 years.

Table 3. Multivariable analysis of the hazard ratio (HR) of death from all causes and from breast cancer (BC) for 12 comorbidities with breast cancer patients
without comorbidities as reference category.

All cause mortality
HR (95% CI)

BC mortality
HR (95% CI)

Unadjusted Age adjusteda Fully adjustedb Unadjusted Age adjusteda Fully adjustedb

Myocardial infarction 1.52 (1.40;1.65) 1.20 (1.11;1.30) 1.23 (1.14;1.33) 1.20 (1.07;1.35) 1.08 (0.96;1.21) 1.10 (0.98;1.24)
Congestive heart failure 2.22 (2.07;2.37) 1.42 (1.33;1.52) 1.42 (1.33;1.52) 1.28 (1.15;1.41) 0.99 (0.90;1.10) 0.99 (0.89;1.10)
Peripheral vascular disease 1.69 (1.57;1.81) 1.43 (1.33;1.53) 1.52 (1.42;1.64) 1.19 (1.07;1.32) 1.06 (0.96;1.18) 1.13 (1.01;1.27)
Cerebrovascular disease 1.81 (1.72;1.91) 1.30 (1.23;1.37) 1.30 (1.23;1.37) 1.26 (1.17;1.35) 1.05 (0.97;1.13) 1.05 (0.97;1.13)
Dementia 3.47 (3.12;3.87) 1.79 (1.61;2.00) 1.61 (1.44;1.80) 2.13 (1.82;2.50) 1.51 (1.28;1.78) 1.33 (1.13;1.58)
Chronic pulmonary disease 1.48 (1.40;1.55) 1.44 (1.37;1.52) 1.58 (1.50;1.66) 1.08 (1.00;1.16) 1.05 (0.97;1.12) 1.18 (1.10;1.28)
Connective tissue disease 1.28 (1.19;1.38) 1.14 (1.06;1.22) 1.22 (1.13;1.31) 1.02 (0.93;1.13) 0.95 (0.86;1.05) 1.01 (0.90;1.12)
Ulcer disease 1.49 (1.39;1.59) 1.21 (1.13;1.30) 1.28 (1.19;1.37) 1.15 (1.04;1.27) 1.03 (0.94;1.14) 1.09 (0.98;1.21)
Liver disease 1.76 (1.55;2.00) 2.01 (1.77;2.28) 2.25 (1.98;2.56) 1.15 (0.95;1.38) 1.23 (1.02;1.48) 1.41 (1.15;1.71)
Diabetes 1.58 (1.49;1.67) 1.39 (1.31;1.47) 1.33 (1.26;1.41) 1.22 (1.13;1.32) 1.13 (1.04;1.22) 1.05 (0.96;1.14)
Hemiplegia 1.59 (1.21;2.09) 1.52 (1.15;2.00) 1.42 (1.08;1.87) 1.33 (0.90;1.95) 1.27 (0.86;1.88) 1.27 (0.87;1.86)
Renal disease 1.42 (1.25;1.62) 1.46 (1.28;1.66) 1.69 (1.48;1.92) 1.07 (0.88;1.31) 1.07 (0.87;1.31) 1.26 (1.02;1.56)

HR: hazard ratio; BC: breast cancer; CI: confidence interval.
aIn 5-year categories.
bAdjusted for age, year of surgery, tumor size, lymph node status, lymphovascular invasion, invasion resection margin, histological type and grade, hormone
receptor status, menopausal status, treatment.

Table 4. Interaction between diabetes and vascular comorbidities on the hazard ratio of death from breast cancer with breast cancer
patients without comorbidity as reference.

Vascular morbidity
No diabetes

Diabetes
No vascular morbidity

Diabetes and
Vascular morbidity

HR (95% CI) HR (95% CI) HR (95% CI) p test of interaction

Myocardial infarction 1.11 (0.97;1.26) 1.05 (0.96;1.15) 1.12 (0.82;1.51) .82
Congestive heart failure 1.03 (0.92;1.16) 1.08 (0.99;1.18) 0.83 (0.64;1.08) .05
Peripheral vascular disease 1.17 (1.04;1.33) 1.07 (0.98;1.17) 0.94 (0.68;1.30) .11
Cerebrovascular disease 1.05 (0.96;1.14) 1.05 (0.96;1.14) 1.10 (0.88;1.38) .97
Renal disease 1.21 (0.96;1.51) 1.04 (0.96;1.13) 1.59 (0.94;2.70) .42

HR: hazard ratio; CI: confidence interval.
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among patients without comorbidity compared with 48%
and 57% among women with dementia. The most common
comorbidities were chronic pulmonary disease, present in
4.2%, followed by cerebrovascular disease (3.6%) and dia-
betes (3.1%).

The results in Table 2 are as observed without any statis-
tical modeling. Table 3 outlines the hazard ratio (HR) of dying
from all causes and from breast cancer comparing patients
with comorbidities with patients without comorbidities
before breast cancer diagnosis. Adjustment for age at diag-
nosis reduced all HRs whereas adjustment for other factors
(year of surgery, tumor size, lymph node status, lymphovas-
cular invasion, resection margin, histological type and grade,
ER status, menopausal status, treatment) resulted in minor
changes. The HRs of dying from all causes remained statistic-
ally significantly increased for all 12 categories of comorbidity
while the HR of dying from breast cancer also was significantly
increased for peripheral vascular disease, dementia, chronic pul-
monary disease, liver, and renal diseases, but not for myocardial
infarction, congestive heart failure, cerebrovascular disease,
connective tissue disease, ulcer disease, and diabetes.

Since most of the mortality associated with diabetes
results from chronic vascular complications, we examined BC
mortality in patients with diabetes only, vascular disease
only, and diabetes with vascular complications (Table 4). BC
mortality was not significantly increased in women with

diabetes without complications but women with peripheral
vascular disease without diabetes had a HR¼ 1.17 (95%CI
1.04–1.33). There was a borderline significant interaction
(p¼ .05) between diabetes and congestive heart failure with
HR¼ 0.83 (95% CI 0.64–1.08) in women with both conditions.
A similar reduction of HR was seen for diabetes and periph-
eral vascular disease but the interaction did not reach statis-
tical significance (p¼ .11).

We examined whether there was any difference in all-
cause mortality between more recent comorbidity occurring
within 5 years of the breast cancer diagnosis and past
comorbidity occurring 5–10 years before the breast cancer
diagnosis (Figure 1). Although all HR-estimates were signifi-
cantly increased, there was a trend of higher HRs for recent
comorbidity, except for hemiplegia with HR¼ 1.23 (95% CI
0.90–1.69) if registered within 5 years and HR¼ 2.88
(1.75–4.72) for years 5–10 (p for heterogeneity .006). Different
estimates were also seen for cerebrovascular disease with
HR¼ 1.30 (95% CI 1.22–1.38) for years 0–5 and HR¼ 1.11
(95% CI 1.01–1.21) for years 5–10 (p for heterogeneity .008),
chronic pulmonary disease with HR¼ 1.55 (95% CI 1.46–1.65)
for years 0–5, and HR¼ 1.17 (95% CI 1.07–1.28) for years 5–10
(p for heterogeneity<.0001) and for ulcer disease with
HR¼ 1.33 (95% CI 1.23–1.45) for years 0–5 and HR¼ 1.13
(95% CI 1.00–1.27) for years 5–10 (p for heterogeneity .03).
For diabetes, the p value for heterogeneity was .046. We also

5−0 years < BC 10−5 years < BC

Myocardial infarction        

Congestive heart failure        

Peripheral vascular disease        

Cerebrovascular disease

Dementia

Chronic pulmonary disease        

Connective tissue disease        

Ulcer disease

Liver disease

Diabetes

Hemiplegia

Renal disease

  HR (95% CI)
5−0 years < BC 

1.24 (1.13;1.37)

1.40 (1.30;1.50)

1.49 (1.37;1.61)

1.30 (1.22;1.38)

1.59 (1.41;1.78)

1.55 (1.46;1.65)

1.23 (1.12;1.34)

1.33 (1.23;1.45)

2.12 (1.81;2.47)

1.30 (1.22;1.39)

1.23 (0.90;1.69)

1.61 (1.37;1.88)

  HR (95% CI)
10−5 years < BC 

1.16 (1.02;1.32)

1.30 (1.15;1.48)

1.27 (1.12;1.44)

1.11 (1.01;1.21)

1.48 (1.14;1.93)

1.17 (1.07;1.28)

1.16 (1.04;1.30)

1.13 (1.00;1.27)

1.74 (1.40;2.16)

1.13 (1.02;1.24)

2.88 (1.75;4.72)

1.29 (1.02;1.63)

0.5 1 1.5 2 2.5 3

Hazard Ratio

Figure 1. Hazard ratio of death from all causes in relation to time period of comorbidity with breast cancer patients without comorbidity as reference.
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examined BC mortality but the results were largely similar to
all-cause mortality (data not shown).

With a few exceptions, the effect of adjuvant treatment
on BC mortality was similar among patients with and without
comorbidity (Figure 2). Patients suffering from dementia
receiving chemotherapy had a four-fold higher risk of dying
(HR¼ 4.05, 95% CI 1.72–9.52), but this estimate was based on
only eight patients. Among patients receiving endocrine
treatment only, those with chronic pulmonary disease had
HR¼ 1.16 (95% CI 1.01–1.35), liver disease HR¼ 1.40 (95% CI
1.00–1.94), and diabetes HR¼ 1.21 (95% CI 1.03–1.42).

Discussion

The prevalence of comorbidity increases markedly with age
from less than 10% in breast cancer patients aged less than
50 years to 40% for those aged 80 years or more [4]. The
relatively low prevalence of comorbidity (16%) in our study
reflects that the median age was 61 years. In the US
Medicare Population which included only individuals 65 years
or older, the prevalence of comorbidity was similar among
cancer-free Medicare beneficiaries (32%), breast cancer
patients (32%), and prostate cancer patients (31%), but
higher among patients with colorectal cancer (41%) and lung
cancer (53%) [13].

The effect of age was also evident when adjustments for
age were made in the multivariable analysis, e.g. for congest-
ive heart failure, an unadjusted HR¼ 2.22 (95% CI 2.07–2.37)
for death from all causes was reduced to HR¼ 1.42 (95%CI
1.33–1.52) after adjustment for age (Table 3). Despite adjust-
ment for all available potential confounding factors, the all-
cause mortality remained significantly increased for all the 12
comorbidities examined. This finding is in agreement with
those of other studies [3,6,7]. However, it was reassuring that
BC mortality was not significantly elevated for patients with
prior myocardial infarction, congestive heart failure, cerebro-
vascular disease, connective tissue disease, ulcer disease, and
diabetes. It was equally reassuring that with a few excep-
tions, the effect of adjuvant treatment was similar for
patients with and without comorbidity. This finding is new
and underlines the importance of adhering to guideline ther-
apy even among patients who suffer from comorbidity.

Most register-based studies from Denmark have examined
comorbidity over a period of 10 years preceding the breast
cancer diagnosis [4,14], while others have collected the infor-
mation at diagnosis without specifying when the comorbidity
occurred [5]. Our results suggest that more recent comorbid-
ity, i.e., within 5 years, carries a greater risk of dying than
comorbidity occurring more than 5 years before breast can-
cer except for hemiplegia where the reverse was seen.

CT+/− ET ET alone

Myocardial infarction        

Congestive heart failure        

Peripheral vascular disease        

Cerebrovascular disease

Dementia

Chronic pulmonary disease        

Connective tissue disease        

Ulcer disease

Liver disease

Diabetes

Hemiplegia

Renal disease

  HR (95% CI)
CT+/−ET 

1.04 (0.62;1.73)

0.95 (0.43;2.13)

1.26 (0.82;1.93)

1.25 (0.94;1.66)

4.05 (1.72;9.52)

1.04 (0.83;1.30)

1.08 (0.81;1.44)

1.26 (0.89;1.79)

1.29 (0.75;2.21)

0.99 (0.72;1.35)

0.74 (0.22;2.53)

1.48 (0.74;2.96)

  HR (95% CI)
ET 

1.08 (0.81;1.45)

1.20 (0.93;1.55)

1.09 (0.84;1.41)

1.01 (0.84;1.20)

1.33 (0.77;2.30)

1.16 (1.01;1.35)

1.02 (0.83;1.25)

1.15 (0.93;1.43)

1.40 (1.00;1.94)

1.21 (1.03;1.42)

1.11 (0.43;2.84)

1.03 (0.66;1.61)

0 0.5 1 1.5 2 2.5 3

Hazard Ratio

Figure 2. Hazard ratio of death from breast cancer in relation to receipt of adjuvant chemotherapy (CT) and adjuvant endocrine treatment (ET) with breast cancer
patients without comorbidity as reference.
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For diabetes, these findings confirm the observations by
Goodwin et al. [15] of a pronounced effect on mortality of
insulin-related variables during the first 5 years after diagno-
sis, but not thereafter. Such information is relevant for the
clinician advising the individual patient on her treatment.
Radiotherapy increases the risk of a myocardial infarction,
particularly for left-sided breast cancers, and this risk is 3–5-
fold increased for women with prior ischemic heart disease
[16,17]. Chemotherapy with anthracyclines is also cardiotoxic
[18] and the risk of heart disease may increase further by
radiotherapy [19].

Information on diabetes relied in this material only on
diagnoses reported to the NPR resulting in a prevalence of
just over 3%. When other sources of information like meas-
urements of blood glucose and diabetes medication were
taken into account, the Danish Diabetes Registry reported
prevalences of 3–6% for women aged 60 years between
1996 and 2010 with the prevalence peaking at 17% for
women aged 80 years [20]. Diabetes is associated with micro-
vascular complications such as kidney disease, which is a risk
factor for macrovascular disease, i.e., atherosclerosis, myocar-
dial infarction, heart failure, and cerebrovascular events [21].
We had expected that the presence of diabetes with such
vascular complications would be associated with a higher BC
mortality than diabetes without complications, but the data
did not support this. On the contrary, HRs less than one
were observed among diabetics with congestive heart failure
and peripheral vascular disease although the estimates failed
to reach statistical significance.

The strength of this study is that it was based on a pro-
spective data collection in an entire population with valid
information on tumor characteristics, given breast cancer-
directed treatment, and all-cause mortality. Follow-up was
100% complete and the study population was followed for
over 14 years. However, there are limitations. We had no infor-
mation on potentially confounding factors, such as smoking
or obesity. Data on given treatment were missing for 29% of
the study population, partly explained by patients aged 75
years or older at diagnosis, who up to 2002 were not included
in the national treatment guidelines [4]. Since the DBCG does
not follow patients after a recurrence or a maximum of 10
years for recurrence-free patients [9], our only way to ascertain
if deaths were due to breast cancer was to rely on information
from death certificates. However, these are likely to be correct
for patients dying with metastatic breast cancer.

Conclusion

This study confirmed that all-cause mortality was significantly
increased for all the 12 comorbidities examined, but it also
gave evidence that BC mortality was not significantly ele-
vated for patients with prior myocardial infarction, congestive
heart failure, cerebrovascular disease, connective tissue dis-
ease, ulcer disease, and diabetes. Our results suggest that
more recent comorbidity, i.e., within 5 years, carries a greater
risk of dying than comorbidity occurring more than 5 years
before breast cancer. Finally, it was reassuring that with a
few exceptions, the effectiveness of adjuvant treatment was
similar for patients with and without comorbidity.
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ABSTRACT
Background: Following loco-regional treatment for early breast cancer accurate prognostication is
essential for communicating benefits of systemic treatment. The aim of this study was to determine
time to recurrence and long-term mortality rates in high risk patients according to patient characteris-
tics and subtypes as assigned by immunohistochemistry panels.
Patients and methods: In November 1977 through January 1983, 2862 patients with tumors larger
than 5 cm or positive axillary nodes were included in the DBCG 77 trials. Archival tumor tissue from
patients randomly assigned to no systemic treatment was analyzed for ER, PR, Ki67, EGFR and HER2.
Intrinsic subtypes were defined as follows: Luminal A, ER or PR >0%, HER2-negative, PR >10% and
Ki67< 14%; Luminal B, ER or PR >0%, (PR �10% or HER2-positive or Ki67� 14%); HER2E, ER 0%, PR
0%, HER2 positive; Core basal, ER 0%, PR 0%, HER2 negative and EGFR positive. Multivariate categorical
and fractional polynomials (MFP) models were used to construct prognostic subsets by clinicopatho-
logic characteristics.
Results: In a multivariate model, mortality rate was significantly associated with age, tumor size, nodal
status, invasion, histological type and grade, as well as subtype classification.
Conclusions: With 35 years of follow-up, in this population of high-risk patients with no systemic ther-
apy, no subgroup based on a composite prognostic score and/or molecular subtypes could be identi-
fied without excess mortality as compared to the background population.
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Introduction

Early breast cancer without recognizable distant metastases
is potentially curable but long-term survival is extremely rare
in entirely untreated patients [1]. Today, the general treat-
ment principle is to obtain complete loco-regional eradica-
tion of cancer tissue with the addition of systemic treatment
dependent on tumor biology and the risk of recurrence for
the individual patient. Adjuvant tamoxifen and chemotherapy
were widely introduced in the early eighties to those who at
the time were considered high risk, i.e., those with large
tumors, lymph node metastases or invasion of the skin or
deep fascia. The evidence was provided by the overviews of
Early Breast Cancer Trialists’ Collaborative Group (EBCTCG)
[2,3]. More recently the EBCTCG have demonstrated that
modern chemotherapy reduces 10-year breast cancer mortal-
ity by about a third and importantly, the proportional bene-
fits were similar in older and younger women and
independent of age, nodal status, estrogen receptor status
and type of chemotherapy regimen [4–6]. Systemic treatment
has gradually been extended and will (depending on tumor

characteristics) in most patients include endocrine therapy,
HER2 targeting and/or chemotherapy [7].

Even in the absence of systemic treatment, about a third
of high-risk breast cancer patients will, with efficient local
treatment, be free of recurrence at 10 years [8,9]. A wide vari-
ation in the risk of recurrence has been demonstrated within
different pathological stages [10]. Combining pathological
stage with breast cancer subtypes may more accurately
determine prognosis even in high risk patients. At least four
clinically relevant subtypes – luminal A, luminal B, HER2-
Enriched (HER2E) and basal-like – are now considered useful.
Initially discovered on gene expression microarrays, these
intrinsic molecular subtypes can be determined on clinical
specimens using multigene assays such as PAM50 (Prosigna),
but can also with reasonable accuracy be identified by inex-
pensive, widely-accessible immunohistochemistry panels
[11,12].

In this study, we evaluated in systemically untreated high-
risk breast cancer patients the ability of subtypes as desig-
nated by immunohistochemistry panels to predict long-term
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survival and recurrence. Standard of care for high-risk
patients has for a long time included adjuvant systemic treat-
ment, and therefore this patient cohort with long-term, high
quality detailed follow-up enables an exceptional study.

Patients and methods

In 1977, the Danish Breast Cancer Cooperative Group (DBCG)
provided its first standard diagnostic and treatment protocols
for early invasive breast cancer [13]. At the same time, the
clinical DBCG database was established and has since pro-
spectively accumulated diagnostic, therapeutic and follow-up
data by the use of standardized forms nationwide [14]. The
aim of the current study was among high-risk breast cancer
patients to compare time to recurrence and long-term mor-
tality according to intrinsic subtype.

Patients

Eligible for registration in the 77 protocol program was
patients who were without previous or synchronous malig-
nant disease, who were without evidence of advanced dis-
ease by physical examination, radiography of the chest and
bone or bone scintigraphy, and who achieved a complete
resection of a unilateral invasive adenocarcinoma of the
breast by mastectomy with axillary sampling or clearance
(level I and part of level II). Patients with axillary lymph node
metastasis, tumors >5 cm, or invasion of the deep fascia
without distant metastasis were, if premenopausal, eligible
for the 77B trial, and if postmenopausal for the 77C trial.

Pathology

Surgical specimens were classified in a predetermined man-
ner including tumor size, examination of tumor margins,
invasion into skin or deep fascia, measurement of gross
tumor size, total number of lymph nodes identified and num-
ber of metastatic nodes. Classification of histological type
was performed according to WHO and grade (ductal carcino-
mas) according to Elston and Ellis [15,16].

Centralized collection of specimens and immunohisto-
chemical classification have been described earlier [9,12]. In
brief, from patients enrolled in 77B and 77C, formalin-fixed,
paraffin-embedded blocks from primary excisional surgery
specimens were retrospectively collected from the corre-
sponding pathology departments. These were used to con-
struct duplicate 0.6mm core tissue microarrays, from which
sections for immunohistochemistry were cut. The definition
of subtypes used in prior publications [9,12] was
maintained: luminal A¼hormone receptor positive (i.e., ER or
PR >0%), HER2-negative, PR >10% and Ki67< 14%; luminal
B¼hormone receptor positive but (PR �10% or HER2-posi-
tive or Ki67� 14%); HER2E¼ ER negative, PR negative and
HER2 positive; core basal¼ ER negative, PR negative, HER2
negative and EGFR positive.

Adjuvant treatment

Postoperatively, all patients received radiotherapy to the
chest wall and regional nodes (40.92 Gy in 22 fractions, five

fractions per week; or 36.60Gy in 12 fractions, two fractions
per week). In the 77B trial, patients were assigned randomly
to one of four options: no systemic therapy, levamisole, oral
cyclophosphamide, or oral cyclophosphamide plus metho-
trexate and fluorouracil [8]. Patients in the 77C trial were ran-
domly assigned to no systemic therapy or tamoxifen [9].

None of the patients in the cohort analyzed in this current
study received any adjuvant systemic treatment. Only
patients randomly assigned to radiotherapy alone from the
77B trial and the 77C trial were included.

Follow-up

Treatment related adverse events and findings on clinical
examination were recorded until a first event every third
month during the first and second year, every six months
during the third to fifth year, and thereafter annually to a
total of 10 years. Biochemical tests and imaging were done
when indicated by existing symptoms or signs. In addition,
long-term follow-up was acquired on survival through link-
age to the Danish Civil Registration System (CRS) [17].

Endpoints

The primary endpoint was standardized mortality ratio (SMR).
Secondary endpoints included time to recurrence, and overall
survival (OS). For SMR and OS, complete follow-up was
achieved until 1 June 2017 by linkage to the CRS on individ-
ual level and retrieving mortality figures of the general
Danish female population.

Statistical analysis

The DBCG Data Center undertook central review, query and
analysis of data. Follow-up time was quantified in terms of a
Kaplan–Meier estimate of potential follow-up [18]. Overall
survival was calculated as the time elapsed from the date of
definitive surgery until death from any cause, and was esti-
mated using the Kaplan–Meier method. Time to recurrence
was defined as the time from surgery to invasive loco-
regional recurrence or distant metastases. New contralateral
breast cancer, another malignancy or death without prior
recurrence were counted as competing events. Cumulative
incidence of recurrence in the presence of competing risk
was estimated. Univariate and multivariate regression analy-
ses were performed, using the Cox proportional hazards
model for OS and Fine-Gray proportional hazards subdistribu-
tion model for recurrence. The number of deaths observed
was compared with the number of deaths expected, calcu-
lated by applying age and calendar year specific female mor-
tality figures of the general Danish population and the
corresponding person-years of the respective cohort mem-
bers. Time at risk was defined as time from definitive surgery
until date of death from any cause, emigration or end of fol-
low-up (1 June 2017). The SMR, computed as the ratio of the
observed to the expected number of deaths, served as an
estimate of relative risk of death, and 95% confidence inter-
vals (CIs) were computed based on the assumption that the
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observed number of deaths followed a Poisson distribution.
The SMR was analyzed using univariate and multivariate
Poisson regression models.

Multivariable fractional polynomials (MFPs) were used to
assess the functional form of continuous prognostic variables
building the multivariate regression models [19]. Factors
included in the multivariable analyses were age, tumor size,
number of positive lymph nodes, fraction of positive vs
retrieved lymph nodes, histological type (ductal, lobular, other
histological types), grade (1, 2, 3), and invasion of the tumor
into deep fascia. Only ductal carcinomas were graded, and for
multivariate models, grade was set to two for non-ductal carci-
nomas with separate estimates for histologic type. The
assumption of proportional hazards was assessed by
Schoenfeld residuals and by including time-dependent covari-
ates in the model. To comply with the assumption of propor-
tional hazards, time-dependent components were included in
the models. All p values are two-sided. Statistical analyses
were done using SAS v9.4 (SAS Institute, Inc., Cary, NC, USA),
and STATA IC 14 (StataCorp, College Station, TX, USA).

Results

The DBCG 77B and 77C trials enrolled 2862 patients between
November 1977 and January 1982. Following mastectomy for

early high-risk breast cancer 1100 (38%) patients were fol-
lowed without adjuvant systemic treatment after postopera-
tive radiotherapy. Biomarker analyses were performed on
archived FFPE tumor blocks in 820 (75%) and subtype classifi-
cation was available in 745 (68%). Mean age at mastectomy
was 61 years. Table 1 summarizes patient and tumor charac-
teristics and shows a high proportion of patients with large
tumors and heavy nodal involvement. Among the patients
with subtype classification, 199 (27%) were assigned as
luminal A, 419 (56%) luminal B, 84 (11%) HER2E and 43 (6%)
core basal. The estimated potential median follow-up was
10.0 years for first event and 37.6 years for OS.

Analysis of recurrence

Within 21=2 years, 20% of luminal A patients have a breast
cancer recurrence increasing to 30% of luminal B and 40% or
more in HER2E and core basal breast cancer patients. At 10
years, 526 patients (47.8%) had a breast cancer recurrence,
including 450 with distant metastases, and 203 patients
(18.5%) had a competing event. Factors significantly associ-
ated with recurrence were age, tumor size, nodal status, inva-
sion and grade (all p< .01). Figure 1(A) shows the cumulative
incidence of recurrence up to 10 years according to subtype.
The corresponding hazard ratios are shown in Table 2, where

Table 1. Patient and tumor characteristics by subtype.

Subtype

Total Luminal A Luminal B HER2E Core basal NA

Characteristics N % N % N % N % N % N %

No. of patients 1100 199 419 84 43 355
Age
<50 187 17 13 7 58 14 9 11 8 19 99 28
50–59 272 25 51 26 84 20 34 40 9 21 94 26
60–69 370 34 66 33 162 39 29 35 14 33 99 28
�70 271 25 69 35 115 27 12 14 12 28 63 18

Lymph node status
Negative 152 14 25 13 49 12 7 8 9 21 62 17
1–3 positive 591 54 118 59 220 53 44 52 19 44 190 54
4–9 positive 264 24 40 20 117 28 22 26 12 28 73 21
�10 positive 39 4 6 3 17 4 8 10 1 2 7 2
Unknown 54 5 10 5 16 4 3 4 2 5 23 6

Total lymph nodes
0 retrieved 54 5 10 5 16 4 3 4 2 5 23 6
1–3 retrieved 259 24 48 24 92 22 17 20 7 16 95 27
4–9 retrieved 610 55 113 57 240 57 44 52 25 58 188 53
�10 retrieved 177 16 28 14 71 17 20 24 9 21 49 14

Tumor size
0–20mm 289 26 60 30 104 25 18 21 8 19 99 28
21–50mm 587 53 106 53 233 56 47 56 25 58 176 50
>50mm 213 19 33 17 78 19 19 23 10 23 73 21
Unknown 11 1 0 0 4 1 0 0 0 0 7 2

Deep fascia invasion
Absent 818 74 168 84 307 73 60 71 30 70 253 71
Present 275 25 31 16 111 26 24 29 12 28 97 27
Unknown 7 1 0 0 1 0 0 0 1 2 5 1

Histologic type
Ductal carcinoma 975 89 186 93 364 87 75 89 35 81 315 89
Lobular carcinoma 48 4 9 5 21 5 3 4 0 0 15 4
Other 77 7 4 2 34 8 6 7 8 19 25 7

Malignancy gradea

Grade I 275 28 82 44 103 28 9 12 2 6 79 25
Grade II 534 55 94 51 205 56 47 63 16 46 172 55
Grade III 162 17 10 5 56 15 18 24 15 24 63 20
Unknown 4 0 0 0 0 0 1 1 2 6 1 0

HER2E: Her2-Enriched.
aDuctal carcinoma only.
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estimates are split according to time after surgery due to
non-proportional hazards for HER2E and core basal as com-
pared to luminal B. There is a highly significant effect of sub-
type (p< .0001), which is maintained in the multivariate
analysis. Considering all first events, including recurrence,
contralateral breast cancer, other malignancy, and death as
first event, the pattern looks similar (Figure 1(C)).

Analysis of OS and SMR

Of the 1100 women in the study cohort, 1050 died (35-year
OS 5.5%; 95% CI 4.3–7.0) while 372 deaths were expected
(SMR 2.82; 95% CI 2.65–2.99, p< .0001).

Factors significantly associated with mortality (OS and
SMR) were age, tumor size, nodal status and grade.
Figure 1(B) shows the OS up to 35 years after surgery.
Corresponding figures for OS at 5, 10 and 20 years after sur-
gery are listed in the figure legend. Median survival was dis-
tinct across subtypes, with 8.6 years for patients in the
luminal A group as opposed to 3.1 years in the HER2E group
of patients. The relative risk according to follow-up time and
subtype is shown in Table 2, both for univariate and multi-
variate analyses, with an overall statistically significant effect
(p< .0001).

According to subtype, the number of observed vs
expected deaths was 407 and 126.2 for luminal B, 194 and
89.1 for luminal A, 80 and 32.0 for HER2E and 39 vs 15 for
core basal. The empirical SMR overall and divided by time of
follow-up for each subtype are shown in Table 3.

Identifying patients free of excess mortality

By summing the estimated regression coefficients (b) of age,
tumor size, nodal status, deep fascia invasion, and histo-
logical type and malignancy grade in the multivariate model
for SMR (Supplementary Table 1), we constructed a clinical
prognostic score index (cPSI). When patients were divided
according to subtypes and cPSI, even those with the lowest
decile cPSI combined with a luminal A subtype had an excess
mortality as compared to the background population (data
not shown), and with excess mortality progressively increas-
ing with increasing score.

Discussion

The result from this historical follow-up clearly shows the
appalling consequences of omitting systemic treatment in
high-risk breast cancer patients and recalls the medical need
of high-risk breast cancer patients not receiving adjuvant sys-
temic treatment. The retrospective determination of breast
cancer subtypes revealed a distinct pattern separating
luminal A breast cancer from luminal B and both of them
from HER2E and core-basal breast cancers. Two and a half
years after primary surgery, recurrence rate was more than
twice as high in patients with HER2E and core-basal breast
cancers as compared to luminal A, while patients with
luminal B breast cancers were in between. The diversity in
mortality was even more separated among the four subtypes

(A)

(B)

(C)

Figure 1. (Panel A) Cumulative Incidence estimates for recurrence (Rec) of sys-
temically untreated patients with luminal A (Lum A), luminal B (Lum B), HER2-
Enriched (HER2) and core basal (CB) breast cancer. (Panel B) Kaplan–Meier esti-
mates of overall survival for systemically untreated patients with luminal A
(Lum A), luminal B (Lum B), HER2-Enriched (HER2) and core basal (CB) breast
cancer. Estimates for OS at 5, 10 and 20 years after surgery; Lum A 67% (60;73),
46% (39;53), 20% (14;25), Lum B 56% (51;61), 28% (24;33), 13% (10;16), HER2E
41% (30;51), 31% (21;41), 21% (13;31), core basal 42% (27;56), 35% (21;49),
16% (7;29). (Panel C) Kaplan–Meier estimates of disease-free survival (consider-
ing events of recurrence, contralateral breast cancer, other malignancy, and
death as first event) for systemically untreated patients with luminal A (Lum A),
luminal B (Lum B), HER2-Enriched (HER2) and core basal (CB) breast cancer.
Patients at risk according to time after surgery listed below x-axis.
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after 5 years. In years 5–10, hazards reversed and mortality
approximated to women in background population after 5
years in patients with core-basal cancers and after 10 years
in patients with HER2E breast cancer. Patients with luminal
breast cancer persistently had an excess mortality as
described previously and only 20% were alive at 20 years
[20–22]. We were, within this group of high-risk patients,
unable to identify a subgroup without major excess mortal-
ity, even when combining subtypes with other known prog-
nostic factors. Overall, our data reinforce that all clinically
high-risk patients should be recommended some form of sys-
temic treatment even with a luminal A subtype.

The strengths of our study include a prospectively defined
and identified study cohort; use of standardized breast can-
cer management including diagnostic procedures, standar-
dized loco-regional treatment with mastectomy and
radiotherapy; and long-term, high quality detailed follow-up.
In contrast, treatment information in the SEER registry has
been inaccurate [23,24]. The access to complementing regis-
tries furthermore allowed us to calculate SMR, which com-
pared to OS is less sensitive to competing mortality
occurring over time from deaths from other causes, e.g.,
ischemic heart disease, stroke and non-breast cancer [25].

Our ability to analyze SMR according to subtype was how-
ever hampered by the considerable excess mortality in the
first 10 years after diagnosis of breast cancer.

The group of long-term survivors in our study were very
small, and clearly a limitation that we were not able to char-
acterize this subset. One possible explanation was that we
use immunohistochemistry to determine intrinsic subtype, as
opposed to a gene based set-up as, for example the PAM50
or the OncotypeDx. In years 21=2–10, patients with luminal
subtypes had a higher rate of recurrence as compared to
patients with core basal and HER2E subtypes, but unfortu-
nately patients were followed for 10 years only and we are
unable to describe the pattern of recurrence beyond 10
years. Immunohistochemical panels provide less prognostic
information and do not contain the same level of analytical
reproducibility as genomic-based nucleic acid tests [26,27]. In
particular, immunohistochemical assessment of Ki67 and PR
has analytic variability issues [28,29], and the predefined cut-
off used for Ki-67 may have been suboptimal [30]. Other limi-
tations include lack of availability of some tumor blocks and
of preanalytical handling guidelines for older specimens.
While our study suggests that adjuvant systemic treatment is
required in high-risk breast cancer patients, it does not

Table 3. Standardized mortality ratio according to subtype, overall and in relation to years after surgery.

Years after surgery

0–5 5–10 >10 Overall

Subtype SMR 95% CI SMR 95% CI SMR 95% CI SMR 95% CI

Lum A 3.20 (2.52;4.08) 2.14 (1.58;2.91) 1.76 (1.43;2.17) 2.18 (1.89;2.51)
Lum B 5.13 (4.43;5.92) 4.46 (3.73;5.35) 1.65 (1.37;2.00) 3.23 (2.93;3.55)
HER2E 13.0 (9.87;17.2) 2.53 (1.26;5.05) 0.88 (0.58;1.33) 2.50 (2.01;3.11)
Core Basal 10.1 (6.81;14.9) 1.35 (0.44;4.19) 1.07 (0.59;1.93) 2.60 (1.90;3.56)

Lum A: luminal A; Lum B: luminal B; HER2E: Her2-Enriched; CI: confidence interval; SMR: standardized mortality ratio.

Table 2. Proportional hazards models for recurrence and overall survival according to subtype.

Years after surgery

Subtype p HR 95% CI HR 95% CI HR 95% CI Pheterogeneity
Recurrence 0–21=2 21=2–10
Univariate <.0001
Luminal A 0.63 (0.43;0.90) 0.67 (0.47;0.96) .78
Luminal B Reference
HER2E 1.97 (1.35;2.88) 0.39 (0.18;0.85) .0002
Core basal 1.55 (0.93;1.60) 0.36 (0.13;1.02) .01

Multivariate .001
Luminal A 0.79 (0.55;1.13) 0.69 (0.47;1.00) .61
Luminal B Reference
HER2E 1.66 (1.11;2.49) 0.35 (0.16;0.76) .0004
Core Basal 1.44 (0.84;2.47) 0.40 (0.14;1.15) .03

OS 0–5 5–10 >10
Univariate <.0001
Luminal A 0.67 (0.51;0.87) 0.57 (0.41;0.81) 1.09 (.84;1.42) .03
Luminal B Reference
HER2E 1.75 (1.29;2.37) 0.44 (0.22;0.89) 0.61 (.39;.95) <.0001
Core Basal 1.60 (1.06;2.42) 0.30 (0.10;0.94) 0.60 (.32;1.10) .002

Multivariate p< .0001
Luminal A 0.79 (0.60;1.03) 0.60 (0.43;0.85) 0.97 (.75;1.26) .08
Luminal B Reference
HER2E 1.72 (1.26;2.34) 0.46 (0.22;0.93) 0.48 (.31;.75) <.0001
Core Basal 1.55 (1.01;2.37) 0.36 (0.11;1.11) 0.63 (.34;1.16) .008

HER2E: Her2-Enriched; HR: hazard ratio; CI: confidence interval; OS: overall survival.
Hazard ratios for unadjusted and adjusted estimates. p Values for overall significance and for test of heterogeneity in relation to years after surgery (non-propor-
tional hazard).
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elucidate the possible benefits [12]. Furthermore, our data do
not in any way contradict the growing evidence supporting
de-escalation of systemic treatment to many low- or moder-
ate-risk breast cancers [31].

In conclusion, if adjuvant systemic treatment is omitted
the vast majority of high-risk breast cancer patients are
affected by excess mortality and it is not possible at the time
of diagnosis to identify the relatively few good prognosis
patients.
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ABSTRACT
Background: Adjuvant treatment in breast cancer patients especially with aromatase inhibitors (AIs)
has adverse effects on bone metabolism resulting in an increased occurrence of fractures. In order to
demonstrate this occurrence, long-term follow-up studies are necessary. From several national registries
in Denmark, it is possible to link data from different sources and analyze this issue.
Methods: A study cohort of 68,842 breast cancer patients prospectively diagnosed and registered in
the Danish Breast Cancer Cooperative Group’s database during the period 1995–2012 formed the basis
of the analysis. These data were matched with data on all types of fractures from the Danish National
Patient Register and vital data from the Danish Civil Registration System.
Results: After data cleaning 66,502 patients were available for analysis and 16,360 of these had
incurred 20,341 fractures with 13,182 patients having just one fracture. These fractures were distributed
over 214 specific fracture sites. An extended multivariable Cox regression model revealed significant
association between the occurrence of fractures and age, menopause, Charlson comorbidity index
(CCI) and endocrine therapy such that late menopause and tamoxifen treatment were associated with
a lower occurrence and AI treatment, age and CCI were associated with a higher occurrence of
fractures.
Conclusion: Before advising adjuvant therapy with AIs fragile patients with chronic diseases should
receive special attention in order to reduce the incidence of fractures in this vulnerable group of
patients.
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Introduction

Breast cancer is the most common cancer among Danish
women with a steadily increasing incidence during the last
60 years. Breast cancer mortality has declined as a result of
successive improvements in loco-regional and systemic
treatment in the same period [1]. In estrogen receptor posi-
tive early breast cancer adjuvant endocrine therapy with
tamoxifen (TAM), an aromatase inhibitor (AI), or a sequence
of these two drugs for 5 to 10 years is considered standard
therapy [2]. These drugs inhibit the effects of estrogens on
breast tissue: TAM being a partial nonsteroidal estrogen
agonist and AIs significantly lowering the plasma estradiol
concentration [3,4]. Since the introduction of TAM and AIs
the treatment duration with these drugs has increased in
favor of their long-term antineoplastic effects, but at the
expense of potential long-term side effects, especially on
bone metabolism resulting in fractures, especially for the
AIs [5] as TAM seems to lower the risk of fractures [6].
Irrespectively of bone mineral density, the addition of adju-
vant bisphosphonate, 6-monthly zoledronic acid or daily
oral clodronate, prolongs disease-free survival in postmeno-
pausal patients [7].

The aim of this study was to investigate the occurrence of
fractures in a cohort of Danish breast cancer patients and
possible associations with some patient characteristics,
comorbidity and adjuvant, antineoplastic treatment in par-
ticular endocrine therapy before the general introduction of
adjuvant bisphosphonate treatment.

Methods

Study cohort

The study cohort originated from the Danish Breast Cancer
Cooperative Group (DBCG) register in which data on patient
and tumor characteristics are collected nationwide and pro-
spectively along with data on given therapy and disease
recurrence. Data from all patients registered during the
period 1 January 1995 to 31 December 2012 constitute the
basis for the present analysis. These data were supplemented
and combined with data from the Danish National Patient
Register (NPR) [8] and data from the Danish Civil Registration
System (CPS) [9]. Since 1995 the NPR contains all somatic
diagnoses from hospital admissions and outpatient contacts
for each patient together with dates on admission and
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discharge. Vital and emigration status for each patient were
collected from the CPS.

Fracture diagnoses

All fracture diagnoses registered in the NPR were collected
for the study cohort. No attempt was made to elucidate the
cause of the fractures, that is, whether caused by a high- or
low-energy impact. As the same diagnoses in the NPR may
be registered more than once only one fracture type was
allowed for each patient, that is, even if the same patient
had two femoral fractures registered three years apart only
the first fracture counted, but the patient could also have
had a distal radius fracture that was counted. If the patients
had fractures after recurrence of the breast cancer, these
fractures were not counted as they might have been patho-
logical and fractures before the breast cancer diagnosis were
also excluded.

Comorbidity

Information on comorbidity for each patient was extracted
from the NPR and used to construct the Charlson
Comorbidity Index (CCI) [10]. For the present study, the CCI
was obtained using ICD-8 and ICD-10 diagnoses up to 10
years before the date for the breast cancer diagnosis.

Statistical analyses

The cumulative incidence of new fractures after the breast
cancer diagnosis was estimated, considering recurrence and
deaths as competing events. Patients were censored (a) at
date of death, (b) at recurrence regardless of the location, (c)
at last registered visit date, or (d) when followed for the
whole observation period which ended 31 December 2016.

As many patients in the study cohort had several fractures
and because patients with a prior fracture are at an increased
risk of new fractures, the data were analyzed using regression
models for recurrent events [11]. The extended Cox regres-
sion model development followed the suggestions described
as the purposeful selection method along with the assess-
ment of model adequacy [12].

The following covariates were analyzed: age and meno-
pause (women >55 years at diagnosis and all patients

treated with AI alone were defined as postmenopausal), CCI,
chemotherapy and endocrine therapy. Antineoplastic treat-
ments were coded as categorical covariates, for example,
TAM: no/yes, without regard to the total treatment duration.

All analyses were done using R, version 3.4.1 [13] and the
survival package [14]. The study was given file number: 2012-
58-0004 by the Danish Data Protection Authority.

Results

The initial study cohort comprised 68,842 patients. These
patients have been described meticulously in a previous pub-
lication [1]. The number of patients with missing follow-up
dates was 2340 leaving 66,502 (96.6%) patients for the final
analyses. Of these 47,302 (71.1%), patients were classified as
postmenopausal. During the follow-up period, 27,561 (41.4%)
patients died. Median follow-up time was 5.9 years with an
interquartile range of 3.7–9.2 years and range 0.01–21.9
years. Table 1 shows information about the patients receiving
adjuvant endocrine therapy or no endocrine therapy.

The NPR contained 56,759 fracture codes corresponding
to the study cohort. After removal of patients with duplicated
identification number, contact date and coded diagnosis
20,651 different fracture diagnoses remained. Further 310
patients had a fracture diagnosis before the breast cancer
diagnosis leaving 20,341 fractures for analysis. These fractures
were distributed over 214 specific fracture sites as coded in
the NPR. Table 2 shows the number of fractures classified
in 10 major groups. It is seen that most fractures were
located at typical sites for osteoporotic fractures: femur, fore-
arm, and upper arm. Recurrent fractures were frequent: 2541
patients had two fractures, 504 patients had three, 119
patients had four, 13 patients had five and four patients had
six fractures.

During 564,977 person-years (p-y) of observation (range,
0.01 to 21.9 years per subject), 16,363 women experienced
20,341 different fractures (crude incidence, 36 fractures per
1000 p-y; 95% confidence interval, 34–39). In the premeno-
pausal group, 4513 fractures were observed compared to
15,624 fractures in postmenopausal women.

Figure 1 shows the cumulative fracture incidence curves
for patients receiving endocrine treatment or no endocrine
treatment. Initially, the curves follow each other closely, but
after about 5 years the curve for the AI-treated patients

Table 1. Baseline information on endocrine treatment, age and CCI.

Treatment None Tamoxifen and aromatase inhibitor Aromatase inhibitor Tamoxifen Other Total

Number of patients 36,412 11,454 9875 8466 295 66,502
Age (mean; sd) years 64.0; 14.3 59.57; 10.3 65.6; 9.0 55.1; 12.3 53.0; 10.3
CCI
0 27,655 9666 7388 7235 271 52,215
1 4683 1196 1519 781 20 8199
2 2420 419 591 287 3 3720
3þ 1654 173 377 163 1 2368

Table 2. The distribution of fractures in 10 major groups.

Location Face Cervical spine Thoracic spine Lumbar spine Upper arm Forearm Hand Femur Lower leg Foot Total

Num-ber of patients 557 99 625 1219 3059 5226 1825 4060 2212 1459 20341
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tends to increase above the non-treated patients. The curve
for the TAMþAI-treated patients coincides with the curve for
the TAM-treated patients until about 8 years when this curve
starts to increase and crosses the curve for non-treated
patients after about 12 years of observation. The curve for
the TAM-treated patients remains well below the non-treated
patients along with the curve for patients treated with other
endocrine modalities for the whole observation period.

The extended Cox model chosen was the Prentice,
Williams and Peterson (PWP) model which analyzes ordered
multiple events by stratification, based on the prior number
of events during the follow-up period [11], because it was
reasonable to assume that the occurrence of the first fracture
increases the likelihood of a new fracture [15].

Table 3 shows separate analyses for pre- and postmeno-
pausal women. In premenopausal women, only age and CCI
were significantly associated with fracture occurrence com-
pared to postmenopausal women where age, CCI and endo-
crine treatment were significantly associated with fracture
occurrence.

Analyzing all patients together the following covariates
remained in the final model: age, menopause, CCI, and endo-
crine therapy, (Table 4). Chemotherapy either coded as a
multinomial or dichotomized covariate was not associated
with the occurrence of fractures in any of the analyses.
Statistically the proportional hazards assumption was violated
for covariates age and endocrine therapy, specifically for
patients treated with AIs and for patients in the combined

group TAMþAI. This was also assumed from the cumulative
incidence plot. However, when assessed graphically the viola-
tions were not severe. As a consequence of this and due to
the very large sample size with many events, it was surmised

Figure 1. The cumulative fracture incidence curves for endocrine treated breast cancer patients.

Table 3. Summary of the multivariable PWP regression analyzes for pre- and
postmenopausal women.

Covariate Relative risk (95% confidence interval) p value

Premenopausal women (n¼ 19,200)
Age (years) 1.015 (1.010–1.021) <.0001
CCI

No comorbidity 1.0
Category 1 1.40 (1.25–1.56) <.0001
Category 2 1.45 (1.18–1.77) <.0001
Category 3þ 1.93 (1.46–2.56) <.0001

Endocrine therapy
None 1.0
TAMþ AI 1.00 (0.93–1.08) .99
TAM 0.95 (0.88–1.03) .22
Other 1.06 (0.86–1.31) .59

Postmenopausal women (n¼ 47,302)
Age (years) 1.031 (1.029–1.033) <.0001

CCI
No comorbidity 1.0
Category 1 1.25 (1.20–1.31) <.0001
Category 2 1.26 (1.18–1.34) <.0001
Category 3þ 1.49 (1.38–1.62) <.0001

Endocrine therapy
None 1.0
AI 1.07 (1.02–1.12) .0066
TAMþ AI 0.89 (0.85–0.93) <.0001
TAM 0.88 (0.83–0.93) <.0001
Other 0.72 (0.54–0.96) .025
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that the nonproportionality would make no difference to the
interpretation of the data [14].

Discussion

In a nationwide population-based study, we have demon-
strated a highly significant and clinically important associ-
ation between adjuvant AI treatment and an increased risk of
fractures. In contrast, the risk of fractures was decreased in
patients treated with TAM alone as compared to endocrine
untreated patients, suggesting a protective effect regarding
fractures. These results are in accordance with other studies
reporting on the occurrence of fractures in breast cancer
patients treated with adjuvant TAM and AIs [5,6,16,17].

The course for the TAMþAI-treated patients is particularly
interesting, because the patients in this group were first
treated with TAM for an intended 5-year period followed by
intended 5-year treatment with AI. This suggests an initial
osteoprotective effect of TAM that is later dissolved due to
the succeeding treatment with AI. The curve for the TAM-
treated patients suggests that TAM provides a long-lasting
effect on bone metabolism similar to the suggested long-
lasting antineoplastic effect [18]. The curve for the last ‘other’
group similarly suggests an osteoprotective effect. However,
the sample size for this group was small and so the curve
shape should be interpreted with caution. This reservation is
supported by the nonsignificant association in the multivari-
able model. Endocrine therapy was entered in the statistical
models as a categorical covariate. However, as the endocrine
therapy has been extended considerably during the study
period it would be highly relevant to include the treatment
duration as a covariate to clarify a possible dose response
association.

The incidence of osteoporosis and the risk of later frac-
tures increase with aging thus making age a known risk fac-
tor. In the present study, menopause at 55 years seemed to
have a protective potential. This complies with early meno-
pause being a known risk factor for osteoporosis, sustaining
fragility fractures and increased mortality [19]. A late meno-
pause postpones the period with accelerated bone loss asso-
ciated with the menopause preceding the unavoidable bone
loss associated with aging. An age of 55 years as a cut point

for menopause was selected for comparability with other
studies [20].

The study demonstrated a very strong association with
increasing comorbidity as assessed by the CCI. This empha-
sizes the importance of taking into consideration other
chronic diseases as for example diabetes mellitus [21] besides
the breast cancer when an adjuvant treatment is advised. As
an aid, an online service for health care professionals for cal-
culating a fracture risk score, FRAX exists [22]. However, only
some of the chronic disorders incorporated in CCI
are included in FRAX such as diseases causing secondary
osteoporosis.

Nevertheless, our study combined data from three regis-
ters and the available data were not intended for analyzing
the occurrence of fractures. Other limitations include lack of
reliable information on possibly important covariates like fall-
ing tendency, height, weight, smoking habits, alcohol use,
osteoporosis, drug use, vitamin D status and bone mineral
density. Other important confounders may not have been
identified, measured and registered and may thus have had
an unaccountable impact on the results.

It was not possible to clarify the causes of each fracture
due to the large number and some surely have been caused
by factors, for example, high-energy impact or focal bone
pathology unrelated to the main question in this study.
Fractures that occurred early in the study period were
counted. Some of these were probably also unrelated to the
main question in the study. On the other hand, it is well
known that many fractures in the spine are not diagnosed
[23], so the number of fractures may actually have been
larger. Fractures in the forearm, femur, upper arm, lower leg,
and hand were the most frequent in the study. These frac-
tures are likely to cause pain and disability necessitating pro-
fessional health care. For this reason, they are probably not
underdiagnosed to the same extent as vertebral fractures.
Counting just one different fracture location in each patient
may also have underestimated the true number of fractures
in the study cohort.

The concomitant use of antiosteoporotic treatment in the
study period may have had an impact on the number of reg-
istered fractures possibly lowering the occurrence. Even so, it
was already known during the study period that AIs had
unwanted side effects [24] and TAM had beneficial effects on
bone metabolism [25]. As a consequence, patients planed for
AI treatment are recommended a bone density measurement
as a routine. In light of such knowledge, one would expect
the AI-treated patients to be treated with anti-osteoporotic
drugs with a higher probability than TAM-treated patients
and this would tend to reduce the occurrence of fractures in
the AI-treated patients. However, judged by the study out-
come this does not seem to be the case thus favoring our
interpretation of the results.

In conclusion, our study supports previous studies that
treatment with AIs in postmenopausal women is accompa-
nied by an increased occurrence of fractures and that TAM
has an osteoprotective effect resulting in a decrease in frac-
ture occurrence in postmenopausal women. When advising
adjuvant therapy with AIs especially fragile patients with
chronic diseases should receive special attention including

Table 4. Summary of the final multivariable PWP regression analysis, all
patients (n¼ 66,502).

Covariate Relative risk (95% confidence interval) p value

Age (years) 1.031 (1.028–1.032) <.0001
Menopause
Premenopause 1.0
Postmenopause 0.82 (0.78–0.87) <.0001

CCI
No comorbidity 1.0
Category 1 1.28 (1.23–1.34) <.0001
Category 2 1.30 (1.22–1.37) <.0001
Category 3þ 1.55 (1.43–1.68) <.0001

Endocrine therapy
None 1.0
AI 1.10 (1.05–1.15) <.0001
TAMþ AI 0.90 (0.87–0.94) <.0001
TAM 0.88 (0.84–0.92) <.0001
Other 0.84 (0.70–1.01) .060
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regular bone density measurements in order to reduce the
occurrence of fractures in this particularly vulnerable group
of patients.
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ABSTRACT
Background: In recent years, the prognosis of metastatic breast cancer (MBC) has improved with more
effective therapies applicable to a wider range of patients. To many patients, a MBC diagnosis thus ini-
tiates a prolonged course of illness and treatment. This qualitative study aimed to explore the long-term
health-related quality of life (HRQoL) and support needs in MBC patients of all ages in the Danish context.
Material and methods: Eighteen MBC patients participated in five qualitative focus group interviews
that were analyzed using content analysis and a constructivist approach.
Results: The participants described how MBC severely reduced their physical and psychosocial func-
tioning and required a constant adaptation of their quality of life (QoL) standards in relation to their
changing life situation and disease progression. Overall, they felt medically well-treated but lacked a
multidisciplinary approach to care including psychological support, in particular, but also manual
physiotherapy, health care coordination and social counseling. The participants called for continuity of
care with the same health care professionals as this facilitated communication and flexibility in plan-
ning treatment and controls. They requested a reduction of precious time spend on treatment to
enable them to focus on their most meaningful relations and activities.
Conclusion: With the MBC diagnosis, the focus of treatment switches from disease eradication to pro-
longing survival, alleviating symptoms and improving QoL. To patients, MBC marks a shift in expecta-
tions from quantity to quality of life and a perpetual adaptation of their QoL standards. To sustain
patients’ HRQoL, it is important that along with improvements in life-prolonging treatment, compre-
hensive care also supports their main psycho-social needs. These patients needed support in maintain-
ing normality and role functioning enabling them to focus on living, not merely surviving, through this
prolonged disease phase.
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Introduction

Breast cancer (BC) is the most common cancer in women
worldwide. In developing countries it is the second cause of
death after lung cancer. The prevalence of distant metastasis
is high in patients with locally advanced cancer (LBC) includ-
ing those with large tumors (>5 cm) and noticeable nodal
disease (> 3 cm), even if asymptomatic [1]. About 5% of BC
patients in Western countries are diagnosed with LBC or
metastatic breast cancer (MBC) while around 30% of the
patients with early breast cancer (EBC) eventually develop
MBC [2–4]. While breast cancer mortality overall has
decreased as a result of earlier detection and adjuvant treat-
ment, only minor survival gains have been achieved in MBC
though individual patients may obtain prolonged survival,
predominantly following endocrine or HER2 targeted treat-
ment. With no cure yet available for MBC, palliation and pro-
longation of survival are the main treatment goals. Median
survival is 2–3 years but as long as 15 years in indolent

disease [2,5] implying that a diagnosis with MBC often ini-
tiates a prolonged course of illness and treatment rather
than immediate end-of-life care [6]. This augments the
importance of examining MBC patients’ health-related quality
of life (HRQoL), i.e. the disease’s impact on their physical and
psycho-social well-being and everyday lives, and needs to
provide optimal care and support in this phase of disease.

The complex nature of metastatic disease including the
patient’s subtype of BC, menopausal status, age, comorbidity
and previous treatment experiences must be taken into
account when discussing treatment options [3,7–9]. Emphasis
will predominantly be on molecular targets such as estrogen
receptor (ER) and human epidermal growth factor receptor 2
(HER2). Common side effects of treatment (targeted treat-
ment, chemo- and radiotherapy) are fatigue, nausea, vomit-
ing, hair loss, diarrhea, peripheral neuropathy, menopausal
symptoms, poor sleep and skin toxicity [3,10–15]. Palliation
may also include bone modifying agents, pain medication,
antidepressants or anti-emetics, for instance [7,10].
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MBC patients’ quality of life (QoL) has been shown to be
severely reduced with symptoms and side effects having a
detrimental impact on psychosocial and physical functioning,
working ability, family life and couple relations
[2,6,10–13,16–19]. Fatigue is dominant but depending on the
extension and localization of metastasis, physical symptoms
such as pain, dyspnea, and lymphedema are frequent.
Emotionally, MBC patients are much affected by treatment
response and recurrences, and uncertainty, grief, lack of con-
trol, fear of death and loss of identity and future life often
lead to depression and anxiety [2,10,11,16,20]. Physical and
psychological symptoms tend to exacerbate one another
[10,11,21]. It has been suggested that younger women and
mothers may have lower HRQoL and functioning as com-
pared to older women [6,12]. Despite such serious QoL
impairment, MBC patients often have an unmet need for
information about treatment options and prognosis, as well
as management of symptoms, side effects and psychological
problems [2,5,6,10,12,14,22].

While quantitative studies have described factors reducing
QoL in MBC, studies exploring the relations between these
issues, i.e. providing explanations of why certain symptoms are
important to patients and how they affect their QoL and sup-
port needs, are lacking. This is particularly the case in the pre-
sent context of improved treatment options and prolonged life
expectancy. As most QoL studies have been linked to clinical
trials, there is also shortage of studies examining HRQoL and
care needs in MBC patients >60 years of age albeit the median
age at BC diagnosis is above that [3,9]. To our knowledge, stud-
ies of Danish MBC patient perspectives are absent. The present
qualitative study therefore aimed to explore in depth the
HRQoL of Danish MBC patients of all ages and how this might
be related to their support needs.

Material and methods

An initial search for literature was carried out in PubMed,
Embase, PsycInfo and Artikelbasen yielding 635 abstracts of
articles published in English 2010–2015 of which 74 were
selected for full-text analysis. The literature study informed
the qualitative study design including a question guide used
in focus group interviews with 18 MBC patients. Focus
groups were chosen to elicit a broad variety of patient per-
spectives on the women’s experiences and needs.
Participants were invited by The Danish Breast Cancer
Organization (DBO) encouraging interested patients to con-
tact the researchers directly for further information and
screening. Eligible patients were diagnosed with estrogen
receptor-positive MBC, i.e. the most common type of BC, to
enhance comparability. Due to the focus on subjective
patient perspectives and experiences, no medical records
were collected. Informed written consent was obtained, par-
ticipation was anonymous and ethical committee approval
was therefore not required. Five small focus groups – repre-
senting all regions of Denmark – were held with 3–4 partici-
pants in each, to create confidential settings for discussions
among peers about their HRQoL and supporting care needs.

The focus groups were set in regional health centers or
conference rooms and lasted two hours. They were

moderated by G Lee Mortensen, assisted by IB Madsen.
When introducing the focus group discussions, the partici-
pants were told of the aim to explore all experiences and
encouraged to voice converging as well as diverging per-
spectives, provide examples and elaborate on their own and
others’ experiences and expressed needs. The questions in
the semi-structured interview guide were open-ended [23,24]
and began with questions to the participants’ disease trajec-
tory: time of first diagnosis with BC, time of diagnosis with
MBC, subsequent disease development and current disease
status. The women then described their reactions to the MBC
diagnosis followed by its physical, cognitive, psychosocial
and professional impact on their QoL and functioning. They
then described their treatment experiences, and finally, their
medical and non-medical care needs (Supplementary file:
Question guide).

The interviews were transcribed verbatim and analyzed
using Nvivo 8 software (QSR International) and a combination
of inductive content analysis and a constructivist approach,
i.e. focusing on how the language used in the focus groups
unveiled how patterns of meaning were created in social
interaction among peers and in relation to each patients’ per-
sonal situation [25,26]. First, the transcripts were read
through numerous times (independently, by three research-
ers) to get familiar with the data. Second, the data was
coded (categorized) into moderator- and participant-gener-
ated topics that were raised during the discussions. Third,
main themes within each topic were identified, and finally,
recurrent connections between topics and themes were ana-
lyzed. This generated a pattern of the relative significance
that the topics and themes had for the participants, i.e. the
main QoL impact of MBC and the participants’ most import-
ant care needs. All methodological and analytical steps were
discussed among GLM, IBM and an independent qualitative
researcher (SLM) until agreement was reached.

Results

The participants resided in 17 different towns and attended
11 hospitals across Denmark; they were aged between 41
and 72 years old, and had been diagnosed with MBC for
1–11 years. At the time of MBC diagnosis they were aged
between 35 and 65 years reflecting great variation of life
situations with respect to family, e.g. age of children, and
work status. 16 participants had been well for 2–16 years fol-
lowing treatment of EBC; two had MBC at diagnosis
(Supplementary file: Table 1).

Two main topics were discussed in the focus groups: The
quality of life impact of living with MBC and patient needs
for treatment and care, both including a number of sub-
themes to be described below (Supplementary file: Figure 1).

Quality of life impact of metastatic breast cancer

The first main topic included several subthemes: (a) reactions
to the MBC diagnosis, (b) cognitive, (c) physical, (d) psycho-
logical, and (e) social/relational QoL aspects of MBC, and (f)
strategies to cope with MBC.
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(a) The participants described reacting to the MBC diagno-
sis with shock and fear of imminent death. This was aggra-
vated by hearing that only ‘life-prolonging treatment’
remained which they interpreted as implying very short life
expectancy. Once new treatments were initiated, the
women’s anxiety was somewhat reduced by learning that
they might have more treatment options and time than
expected. Still, the MBC diagnosis was depicted as marking
an end to ‘ordinary everyday life’ with family life, work, social
and leisure activities.

(b) Many participants described cognitive problems with
memory and concentration but none felt this significantly
reduced their QoL. (c) More importantly, their physical QoL
and functioning was severely impaired by symptoms such as
pain, gastrointestinal upsets, flu symptoms, nausea, cardio-
vascular dysfunction, edema, stomatitis, neuropathy, stiffness
of muscles and joints, dyspnea, dizziness, problems with
sleep and gait, hair loss and menopausal symptoms. Fatigue
was particularly limiting the women’s role functioning and
participation in activities bringing meaning and joy to life. (d)
Yet the main hardship of MBC was said to be emotional.
Most participants had recurrent spurs of depression and anx-
iety, especially when feeling particularly poorly and with the
occurrence of new metastases. Metastasis to vital organs and
the brain were the most dreaded sites. Living on borrowed
time was stressful and included alertness to possible symp-
toms of relapse, hypersensitivity or propensity to anger in
some.

When I relapsed, I just sat down in my couch for half a year and
thought “this is the end” because he said it was life-prolonging
treatment now. It was extremely stressful. You never know how
long “life-prolonging” is, they cannot tell you that. But just when
you hear it, you think it’s half a year… It is so stressful not
knowing if you’re here in half a year. For instance, when my
daughter said she was getting married in a year. In one year?! If
only she had said “next week”! As it turns out, that’s a year ago
now, but you don’t know that (FG2B).

That’s right, you always feel the guillotine hanging above your
neck (FG2A).

(e) Regarding the women’s relational QoL, children’s wel-
fare was the main concern, especially to mothers of young
children. Some had written letters or speeches for children’s
future communions and weddings or recorded stories from
their own lives for them. The women had become acutely
aware of prioritizing meaningful activities and relations.
Overall, they tired easily with many people and those with
children tended to focus on the close family, while older
patients were more active, socially and with leisure activities.
Having a supporting partner and family was crucial to cope
with the disease, but MBC was a heavy burden on partner
relations and spouses who often reacted with depression and
anxiety. While most felt their marriages had been strength-
ened after the MBC diagnosis, four had chosen to divorce
despite the solitude of missing intimacy and daily support.

(f) Finally, the participants described their strategies to
cope with living with MBC. Although distressing, many found
that ‘getting things sorted’ – e.g. making arrangements for
the funeral – enabled a feeling of control and to focus on

living: ‘It allowed me to put the disease on a separate shelf
and then live life on the other shelves’ (FG2B). Coping with
MBC required a constant adaptation of individual QoL stand-
ards and changed roles vis-�a-vis the patients’ self-perceptions
and social relations. For instance, ‘while you have children at
home it is either sink or swim; when they are fledged and
move out, you have to adapt to a new situation’ (FG4D).
Maintaining normality – especially upholding one’s role func-
tioning as a mother, grandmother, partner or professional –
was of major importance. Half of the women found that
even a few hours of work per week allowed them to still feel
useful, to get out of the house and keep their minds busy ‘to
stay sane’. Others felt that stopping work had been a great
loss. Setting milestones like turning 40 years old or attending
a baptism, was described as a crucial means to stay strong.
Fortunately, many milestones were reached and new ones
set along the way. Many expressed surprise at how long they
had survived with MBC and that the disease course had not
merely been downhill.

Treatment and support needs

The second major topic concerning the participants’ treat-
ment and supporting care needs included the subthemes: (a)
treatment needs, (b) worries related to treatment and con-
trols, (c) minimizing time spend on treatment, (d) socio-eco-
nomical clarification, (e) psychological counseling, and (f)
information needs.

(a) The women mostly felt they received adequate symp-
tom treatment but some called for improved options of
receiving manual physiotherapy to alleviate the physical pain
and discomfort. Although dealing with symptoms and treat-
ments was challenging, they ‘grew with the task’ and would
accept almost any medication that might keep them alive.

(b) Controls and waiting for test results tended to reacti-
vate concerns about whether the cancer had spread, about
running out of treatment options and the QoL impact of the
next treatment.

I’m thinking more and more about how long this treatment will
work. How long will my luck last? It won’t last forever, you know?
I have lasted ten years now, but it is getting increasingly difficult
to get through those scans (FG1B).

The main concern is whether the treatment you are receiving
continues to work and if the side effects are getting worse. The
worries arise: ‘what if you have to stop this, what will you then
have to go through? Do they have more options in store – and
for how long do they have more? And will the side effects be
worse than the ones I have now?’ (FG1A).

(c) The limited time perspective was closely related to the
women’s care needs. They felt that treatment and controls
were time consuming and requested short waiting times for
test results at all hospitals and the assemblage of as many
medical issues as possible at the specialized clinic. Acting
themselves as coordinators between health professionals –
some seemingly unfamiliar with MBC related issues – was
challenging. All preferred seeing the same or very few oncol-
ogists as this ensured a feeling of continuity and confidence.
This again facilitated flexibility in planning treatment and
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discussing test results or concerns over the telephone – all
with an end to minimize the disruption of everyday life.

After the examination of my stomach – cause that’s where they
thought something was wrong – the doctor said ’there is some
cancer going on in L2’. I asked what would happen next. ’Why,
he didn’t know that; he didn’t even know if there was anything
that could be done at all’. So I asked for my medical record so
that I could go see an oncologist and ask myself. Then he told
me to take it easy. I became so angry and said that he shouldn’t
bloody hell tell me to take it easy! ‘I have two small children. I do
not have time for this nonsense! (FG2D).

Our time is important. That is the thing with all the waiting, well,
‘I have a job for God’s sake, I could have worked during those
hours’! … It’s like, when you’re a patient, that’s all you are, and
you’re available when they have time. That needs to be turned
around (FG4A).

(d) The participants called for a more comprehensive
approach to MBC care including professional social support.
Women with cognitive problems particularly wished for a
health care coordinator helping with the various medical and
social aspects of living with MBC, e.g. getting rapid clarifica-
tion of their financial support options.

I really appreciate the ‘stand-by plan’ according to which they
[the job centre] don’t have to follow up on you all the time…
Because I just try to live my life every single day without the
disease taking up too much space and that is such a struggle if
social workers call you up constantly to ask how you’re doing…
And then you get to sit there afterwards and think ‘God, yes, I do
actually feel awful and there are all these things I can’t do’. The
option of staying on sickness benefit [with a flex job in this case]
rather than receiving disability pension is really good’ (FG4D).

I’ve tried to get that but, unfortunately, I didn’t succeed yet. It
would give me some peace of mind (FG4A).

(e) Lacking psychological support was the greatest unmet
need. Participants attending one hospital much appreciated
being offered psychological counseling at the hospital; all
strongly believed this should be offered everywhere.

When I was told there was nothing they could do, that it had
spread so much, I thought to myself ‘when is a psychologist
entering that door?’ It seemed absolutely insane that this doctor
and nurse just sat there – and they do say things quite directly
when something’s wrong. After that, you are supposed to just…
go home? You are devastated. They should have offered
something there… They should ask if you need to talk to
someone. You can always say no. They do ask you how you’re
doing and if you have any questions, so I guess you could bring
it up yourself. But I’ve got the impression that it’s easier to get
morphine than a psychologist (FG5B).

Yes, and a crisis can also appear later on, when you get home
and it starts to dawn on you. Then too it would be nice if you
could contact someone. I’ve heard of many who get a depression
when they’re actually over it [the first shock], after half a year.
Surely, they must know that out there … and be able to tell you
(FG5D).

Participants living alone particularly needed professional
psychological support to cope with MBC being ‘like a
rollercoaster switching between anxiety and relief’ (FG4D).

(f) The final needs-related subtheme pertained to the par-
ticipants’ information needs. One hospital was commended
for offering patient education courses for new MBC patients,

including information on treatment, physical and emotional
disease aspects and a visit to relevant hospital departments.
This too was requested at all hospitals. While most felt
adequately informed about standard treatment options, a
few called for early genomic testing to prepare for targeted
or experimental treatment and information about treatment
options abroad. Others requested independent professional
advice regarding non-medical options of symptom manage-
ment and fortification, issues that are much discussed in
patient networks. The Danish Cancer Society and DBO organ-
izes highly valued services such as meetings, mindfulness
courses and support groups for children. An unmet need was
expressed for individual counseling of spouses who were
often severely troubled but uneasy with group support.

Just as importantly – and reflecting the prolonged life
expectancy in MBC – some participants underlined a need to
hear more ‘good stories’ about MBC patients. They had heard
much about the hardships of MBC and prepared themselves
for dying, but had lacked complementary help to focus on
living – on ‘how to grab life’ (FG4A). Especially at the time of
diagnosis, the patients needed stories about how women live
with MBC and may indeed lead good lives for several years.
This prospect led some to prefer coining MBC as a ‘chronic’
disease while cringing at terms like ‘incurable’ cancer and
‘life-prolonging treatment’.

Discussion

Improved treatment options imply that, today, a MBC diag-
nosis often marks the beginning of a prolonged course of ill-
ness and treatment with ensuring optimal QoL being a major
aim. The present study explored how Danish MBC patients’
QoL was related to their main support needs during this par-
ticular disease phase.

Patient experiences with disease are related to their socio-
cultural context. Our participants’ expectations, needs and
priorities were based on their personal situation as well as a
societal context with public health care and various financial
support options. Danish MBC patients are thus not represen-
tative of MBC patients worldwide. A selection bias should
also be considered as our participants were relatively high-
functioning MBC patients that may not reflect the experien-
ces or lower functioning patients. We believe, however, that
the care needs expressed by our participants may well be
even more pronounced in patients with poorer function and
caregiver support. With these reservations, our qualitative
methodology allowed for an in-depth understanding of MBC
patient perspectives, i.e. analytical generalization, but they do
not support statistical generalization. Our analysis, however,
has the strength of representing patient perspectives unre-
lated to a clinical trial.

MBC severely reduced the participants’ HRQoL and func-
tioning. This was one of the two main topics and the
women’s descriptions of its various subthemes revealed that
despite substantial physical symptoms, the psychological bur-
den was the hardest and socio-relational QoL aspects of key
importance. This ordering of QoL aspects is likely affected by
the participants’ satisfaction with medical treatment as well
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as a health care system providing financial security. The par-
ticipants described a dynamic perception of their QoL as
requiring constant adjustment to their changing circumstan-
ces and disease progression. For instance, the younger
women focused much on their children’s present and future
welfare and struggled with maternal role functioning. Many
also felt a loss of feminine and professional identity. Such
altered roles are well-known to challenge patients and their
relations [2,6,11,13,15]. Yet while patients’ physical well-being
has been shown to decrease with older age, social and func-
tional well-being tends to increase [6]. In our analysis, this
may be due to impaired physical functioning interfering rela-
tively less with the roles, self-perception and expectations of
older women. Still, they too prioritized the potential benefits
of treatment over the risk of side effects and would accept
almost any treatment giving them extra time – a priority
that has previously been shown in younger MBC patients
[3,5,18,19,27].

Others have shown that goal adjustment is indeed crucial
to coping, i.e. disengaging from unattainable goals and reen-
gaging in more attainable goals that are often more immedi-
ately rewarding and emotionally meaningful [28]. Our
participants had become keenly aware of prioritizing mean-
ingful relations and activities and set milestones for events
they hoped to live to experience. They described their course
of disease as fluctuating between periods of relative well-
being and tougher patches – ‘a rollercoaster’ – which is in
line with what Sarenmalm et al. described as a dialectal pro-
cess of suffering and easing distress and constantly ‘making
sense of living under the shadow of death’ [11]. Following
the improved life expectancy, some of our participants pre-
ferred coining MBC as a chronic condition and called for an
increased support in how to continue life rather than ending
it. They especially needed support in upholding identity and
normality with respect to work and role functioning as much
as possible. Continuity was thus a key aspect of their QoL
priorities and coping with MBC.

Following these main QoL concerns with psychosocial
issues being vital, and pertaining to the second main topic,
the participants requested a more comprehensive approach
to the care of MBC patients. This supports that, seen from a
patient perspective, cancer is a biopsychosocial illness, yet
cancer care is mostly bio-medically focused [11]. Our partici-
pants lacked a multidisciplinary approach to care, primarily
including ongoing management of psychological issues, pos-
sibly intensified at diagnosis, in patients living alone and
with the occurrence of new metastases. Psychological sup-
port of spouses, who can be principal sources of support but
are often destabilized by anxiety and depression [17], also
appeared lacking. Finally, our participants requested manual
physiotherapy, health care coordination and social counseling
to clarify their options of financial support and perhaps main-
tain some professional activity, e.g. via a flexible work pos-
ition. Our study supports previous findings that work
and keeping busy are crucial to maintain normality and
QoL [13,16].

Living a medicalised lifestyle is stressful and time consum-
ing [19]. To MBC patients, time is sparse and precious. The
less time spend on treatment related activities, the more

time for meaningful activities – i.e. living. Minimising medical
disruptions of everyday life, e.g. by reducing waiting times
and pooling medical issues, are thus ways to maintain nor-
mality and support QoL as conveyed by the patients.
Continuity of care with the same health care professionals
enabled this and was thus of great importance to our partici-
pants. Overall, they felt adequately informed, but just like
other MBC patients, some requested more knowledge about
clinical trials, treatment options abroad and non-medical
symptom alleviation and fortification [5].

With the MBC diagnosis, the focus of treatment switches
from disease eradication to prolonging survival, alleviating
symptoms and improving QoL [2,5]. To patients, MBC marks
a shift in expectations from quantity to quality of life and a
perpetual adaptation of their QoL standards. To enhance
patients’ QoL, it is important that along with improvements
in life-prolonging treatment, comprehensive care supports
their changing physical and psycho-social support needs.
Finally, we suggest that more attention should be paid to
the needs of older women who also want a full life as long
as possible but have received less attention despite constitut-
ing the majority of MBC patients [8].
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LETTER TO THE EDITOR

Breast cancer patient advocacy in Denmark

Eva Bundesen

Danish Breast Cancer Organisation, Hesselager, Denmark

Introduction

A woman diagnosed with breast cancer (BC) is receiving
good and professional treatment in Denmark. Every health
care professional is doing their best to give as much informa-
tion as possible. Family and friends try to give help and to
be understanding and caring. Shared decision making is
regarded an important issue, to ensure that the women feel
acknowledged and understood. But even though we receive
a lot of oral information and printed information materials, it
feels like being sucked into a vacuum, where everything is
decided from the ‘cancer point of view’ – an expression often
heard when talking to BC survivors. Survival is the first and
foremost purpose.

After completing the treatment and an endless number
of visits to the hospital, the BC patient is expected to
return to being the same person as before treatment.
Often with a box of medicine to be taken daily for the
next 5–10 years. This is where the realization process takes
its beginning and where we, as a patient organization, has
our primary purpose. This is where patient advocacy
begins, this is where our members contact us, this is
where they join in and begin the journey of learning to
live with the fact that cancer hit me this time – and
not my neighbor. The current paper addresses the work
we do in DBO, the Danish Breast Cancer Organization
(www.brystkraeft.dk), and the importance of participating in
different national and international fora.

The journey into patient advocacy in Denmark normally
takes its beginning with a breast cancer diagnosis and treat-
ment. According to DBCG’s annual report more than 46,000
Danish women were diagnosed with BC in 2014, and sadly
1115 women died from BC. The same year my own journey
into the BC world took its beginning. Many of us, treated for
BC, are living with the results of surgery and side effects of
systemic treatments and radiotherapy. We feel the need to
understand what has happened, why we never will be the
same person again and how to cope with the risk of relapse.
Hence, we look for information and participate in meetings
and discussions with other BC survivors to get knowledge
and learn to understand. As a consequence, some of us
became volunteers. Often, in The Danish Cancer Society or as
a member of our organization for BC women, Danish Breast
Cancer Organization (DBO).

The Danish Breast Cancer Organization (DBO)

DBO was established in January 1999 as a nonprofit organiza-
tion founded and run by volunteers. Presently DBO has 2500
members, all being breast cancer patients, organized in eight
groups working all around Denmark. DBO is supported by
The Danish Cancer Society. The members pay a moderate
annual fee. In addition, DBO applies for financial support
from a broad range of foundations.

The main goals of DBO are

� To increase the knowledge of breast cancer through infor-
mation and education to our members

� To work towards a uniform and optimal BC treatment in
Denmark

� To support local activities in the groups
� To give guidance and support to BC patients

Organization and activities

DBO organizes a general assembly and an annual member
meeting. At the meeting, a variety of presentations are given,
mainly regarding BC treatment and survivorship manage-
ment. Especially the interest in the latter has increased, partly
due to more survivors with long term adverse events from
treatment.

The DBO groups are spread all over Denmark. In each
group, there are normally 3–7 active members, who take
responsibility to arrange local meetings and other events.
These members meet once a year with the board to discuss
past events, information and news, and share ideas for the
upcoming period. The groups are the ones talking to mem-
bers and they know what the important issues are.

Our main and most important work is to share informa-
tion and support. This happens through seminars and meet-
ings all over the country. Mostly organized by the local
groups alone or in cooperation with the board.

Another important task for the board is the contact to
health care professionals, journalists, politicians, etc. We
attend meetings, seminars, and conferences, both in
Denmark and in Europe. In this way, we meet with professio-
nals as well as other BC organizations, and are kept up to
date regarding new treatments and other relevant issues for
our members.

CONTACT Eva Bundesen eva.bundesen@brystkraeft.dk Danish Breast Cancer Organisation, Degnelodden 3, 5874 Hesselager, Denmark
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DBO has an active homepage and distribute a magazine
to our members 3–4 times a year. It is delivered to many
hospitals as well. The board members take care of the daily
work in the organization, from registering new members, tak-
ing telephone calls, e-mail correspondence, bookkeeping,
planning of seminars, and events, to keeping contact to the
groups and participating in relevant meetings in Denmark
and abroad. This work is time consuming, but also very giv-
ing and inspiring.

Seminars and events planned by board members, alone or
together with the groups include: seminars for the groups;
the annual meeting; seminars for women with metastatic BC;
seminars for young women with breast cancer; and seminar
for women with side effects from treatment. The typical
themes for the seminars range from new cancer treatments,
physiotherapy methods, lymphoedema care, and treatment,
to presentations from BC survivors on how to cope or other
survivorship issues. The seminars are well attended, and we
have waiting lists every time. The women appreciate the
information they get, and enjoy being with other with BC
diagnosis. The women enjoy being with other BC survivors and
feel the information they get, both regarding treatment and
survivorship are important for their wellbeing and help them
to cope with their situation.

The local groups organize approximately each eight
arrangements yearly amounting to a total of approximately
60–65 arrangements a year. This include informative meet-
ings, evenings where they meet and talk, dance events, walks
in nature, Pink Saturday arrangements, information about
breast reconstruction or lymphoedema, training events, and
many more.

BC survivors often feel the need to talking to others and
to exchange knowledge around survivorship in every aspect
of the word. Personally, DBO provided me with the main
tools for understanding and knowledge of my own situation.
Especially, the area of side effects is on a short and long
term an issue amongst us and something we discuss at
almost every meeting.

To deal with some of these issues in practical terms, the
volunteers also produce and distribute ‘heart pillows’ (heart
formed pillows to protect the axilla after surgery). The heart
pillow is for instance supportive when traveling, knitting,
sleeping, or just when we need to rest.

National and international collaboration

At the national level, the collaboration with The Danish
Cancer Society and Danish Breast Cancer Cooperative Group
(DBCG) is very important. It supplies us with relevant

information, help, and support. As an example of collabor-
ation with the health authorities, DBO participated as patient
representatives in the review of the National Cancer Plan IV
and is currently involved in work to prevent bad practice in
the screening programs.

Internationally DBO participates in the Nordic coalition of
BC organizations which every 2 years organize a Nordic con-
ference. In 2016, DBO joined the Europe Donna network as
the Danish representative. Europe Donna is a European net-
work with national groups in 47 countries and is our door to
collaborate on an international level. We work together to
increase the awareness of BC, including better treatment,
early detection, acknowledgement of good practice in the
health care system, and many other issues. We get advocacy
training in Milan on such topics as BC screening, diagnosis,
surgery, adjuvant therapy, as well as advocacy training to
learn to talk to politicians, media, health care professionals
and so forth.

In summary, the advocacy work by DBO is important to
our members. We collect and spread information, who
help BC survivors to get a better knowledge of different
aspects of diagnosis, treatment and follow-up of breast
cancer.

Our members are often told ‘you are cured’ and ‘your
risk of relapse is very low’. They hear the words – but the
understanding takes time. Due to the fact, that many of
our members must go to screening or must visit the hos-
pital for follow-up, they meet the cancer fear repeatedly
for the rest of their life. That is where advocacy matters.
They find comfort in the talk over a cup of coffee, listen-
ing to the story of others, talk about side effects of the
‘little pill that keeps me safe’ and how to cope for 5–10
years with it. Our seminars are important as well. Both the
ones held for our members and the board participate in.
We enjoy every presentation given by health care profes-
sionals. It is giving us and our members so much know-
ledge and understanding.

Although my journey into the breast cancer world closed
some doors, it also opened many new ones. Especially, the
advocacy work has grown into being one of the most
important things I do. Even though I must live with side
effects for the rest of my life I can say the very important
sentence. ‘I am alive, I am scarred but I am not scared’ and
as many of our members I can thank the health care profes-
sionals that helped saving us.

Disclosure statement

No potential conflict of interest was reported by the author.
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LETTER TO THE EDITOR

Provision of data from the clinical database and of biological material from the
tumor bank of the Danish Breast Cancer Cooperative Group 2008–2017

Henning Mouridsena, Peer Christiansenb, Maj-Britt Jensena, Anne-Vibeke Laenkholmc, Henrik Flygerd ,
Birgitte Offersene, Ilse Vejborgf and Bent Ejlertsena

aDanish Breast Cancer Cooperative Group (DBCG) Secretariat and Statistical Office, Copenhagen University Hospital, Rigshospitalet,
Copenhagen, Denmark; bBreast Unit, Aarhus University Hospital/Randers Regional Hospital, Aarhus, Denmark; cDepartment of surgical
pathology, Sjaelland University Hospital, Slagelse, Denmark; dDepartment Breast Surgery, Herlev University Hospital, Herlev, Denmark;
eDepartment of oncology, Aarhus University Hospital, Aarhus, Denmark; fDepartment of Radiology, Copenhagen University Hospital,
Copenhagen, Denmark

Introduction

The capability to link health care information across various
health care providers (institutions, clinics and professions) is
increasingly recognized as an important source for clinical
decision making and improved patient care [1]. A multi-insti-
tutional and -disciplinary records linkage system will poten-
tially make information on treatments and events available
to treating physicians and reduce repeat testing [2]. A com-
prehensive linkage of medical records also allows to access
patient outcomes individually and for quality assurance and
research if applied to a sufficiently large group over
extended time. A clinical database becomes particularly
informative if it is population-based, e.g., covers all residents
in a well-defined area. The ability to improve quality of care
will further increase when data in multiple databases can be
coupled on an individual patient level, and in Denmark this
is enabled by the unique civic registration number assigned
to all inhabitants. Finally, the research opportunities will
expand considerably by access to tumor tissue if linked to
clinical data.

The clinical database of the Danish Breast Cancer
Cooperative Group (DBCG) was established in 1977 in con-
junction with the foundation of the multidisciplinary group
[3]. Since then relevant data of diagnostic aspects, of
loco-regional and systemic therapies and follow-up has been
collected nationwide by the DBCG from all women newly
diagnosed in Denmark with breast cancer [4]. The clinical
database has collected data from about 130,000 breast can-
cer cases and the database has provided an instrument for
monitoring community breast cancer standards and for the
conduct of large series of randomized trials [5], and data
from these trials have successively modified the current
guidelines. These initiatives have significantly contributed to
an improvement in the prognosis of breast cancer [6,7].

This paper will provide information on how data from the
clinical database and of how biological material from the
DBCG tumor bank has been utilized for correlative research
studies.

The DBCG clinical database and access to the data

All Danish units involved in the diagnosis, treatment, and fol-
low-up of breast cancer patients have contributed to the
database in reporting data of histopathology, treatment, and
follow-up [8]. Data from a total number of about 130,000
women have now been reported . A total of about 30,000
patients are currently in treatment or in follow-up, and
65,000 are still alive. Early on the data was reported by paper
forms to the secretariat with subsequent transfer of data to
the database, but from 2007 a web system was developed to
enable on-line reporting from the departments.

From 2006 data concerning demographics, diagnostics,
surgery, and oncologic treatment strategies, defined as qual-
ity data, have been extracted from the database to be used
for the DBCG quality indicators [www.dbcg.dk/kvalitetsdata-
base] according to the program of the Danish Clinical
Registries (RKKP) [www.rkkp.dk].

The data of the database are unique. They are individual
based, and longitudinal with successive dates of therapeutic
interventions and events. And the database, following
improvement over time, is now close to have a complete
coverage of the Danish breast cancer population. This has
been achieved by the development of an effective system of
reminders, based partly on identification of gabs in the
reporting and by linkage to the Danish Pathology Registry,
which registers data from every pathology report performed
by the Danish departments of pathology. Thus patients not
registered from the departments can be identified and enqui-
ries sent to the departments. And finally, the database is con-
structed to give advice to the clinicians, based on the
reported data of the clinical, histopathological and genetic
characteristics about the recommended oncological treat-
ment according to current evidence based guidelines.

In addition link to other public registries by use of the
unique 10-digit Danish Civil Registration Number (CPR),
assigned to all Danish residents, offers an excellent possibility
to run comparative research studies such as link to The
Danish National Board of Health Registry (LPR) which

CONTACT Henning Mouridsen mou@dbcg.dk DBCG, Copenhagen University Hospital, Rigshospitalet, 9, Blegdamsvej, DK-2100 Copenhagen, Denmark
Supplemental data for this article can be accessed here.
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registers all diagnoses from admission to hospital, such as
other diseases, co-morbidity and long-term adverse events,
link to the Danish National Prescription Registry which regis-
ters drugs prescribed, link to the Cancer Registry for other
malignant diseases and link to the CPR for vital status.

Access of data from the database to be used for research
by members of the DBCG-organization or by other groups or
institutions with expertise in breast cancer research required
an application sent to the DBCG secretariat and to be eval-
uated by members of the DBCG executive committee, pos-
sibly following advice from one of the relevant scientific
committees [3]. The applications are approved provided cer-
tain scientific criteria, if necessary following correspondence
with the applicant, and current legal requirements are met.

The DBCG tumor bank and access to biological
material

The biological material from Danish breast cancer patients is
stored at three locations. In the departments of pathology
responsible for the diagnostic procedures as well as the
molecular biological analyses required for allocation of the
patient to the proper treatment. The material is stored as
paraffin-embedded tissue, fresh frozen tissue and to a lesser
extent extracted RNA/DNA. Since 2009 all Danish cancer
patients have been asked for permission to collect biological
material including paraffin embedded tissue and fresh frozen
tissue, when available, as well as a blood sample to the
Danish Cancer Biobank [www.cancerbiobank.dk]. Finally in
the DBCG tumor bank, which was established in 1991, in
connection with the initiation of the centralized biochemical
ER analysis. Since then the DBCG tumor bank has stored bio-
logical material as paraffin-embedded tissue, fresh frozen tis-
sue and extracted RNA/DNA, and excess TMA’s collected in
relation to translational research projects.

Access to biological material requires approval of the pro-
ject by the DBCG executive committee as described for
access to clinical data complemented by a Material Transfer
Agreement signed by the medical leader of the DBCG secre-
tariat and the chairman of the project in question. If the
material is used to produce TMA’s the residuals are to be
returned to the DBCG tumor bank while residual RNA/DNA
can be stored with the pathologist responsible for the spe-
cific study. The residual TMA’s or RNA/DNA is registered for
potential future studies.

Requests for access to data from the clinical
database

Since the establishment of the database DBCG has received
350 requests for extracts from the database to be used in
research studies. This analysis covers the time since January
2008 during that period DBCG received 167 requests.
These are summarized in Supplementary Table 1. Applications
concerning update of previously accepted studies are not
included in the table. As it appears the topics cover almost all
aspects of breast cancer: diagnostic aspects, including mam-
mography, histopathology including potential prognostic and

predictive factors, surgery, radiotherapy, systemic therapy, epi-
demiology, adverse events, importance of concomitant drug
administration, genetics, and rehabilitation.

Since mid-2013, we prospectively recorded certain charac-
teristics of the research projects (n¼ 82). During this period
16 of the studies was run as single institution studies but 64
(78%) were multicenter or nation-wide studies. In 24 of the
cases the requested data included quality data only, but the
majority of cases (70%) requested additional data from the
database. Access to biological material, this was requested in
13 (¼16%) of the applications.

Publications from these studies are included in the DBCG
bibliography which as of ultimo 2016 counts 452 peer
reviewed publications [www.dbcg.dk/publications].

Discussion

The data presented demonstrate how a well-organized clin-
ical database in conjunction with a multidisciplinary organiza-
tion can be efficiently utilized to answer a large variety of
research questions related to the total course of the disease.

Several factors have probably been important in making
the clinical database of the DBCG a major research resource.
First, for 40 years DBCG has provided easily accessible appli-
cation forms and guidelines for requesting data and the
board of directors, the responsible authority, is appointed by
the scientific societies. Second, the clinical database contains
four decades of comprehensive and population-based data on
breast cancer patients in Denmark. Third, linkage to information
from a variety of other database has been possible on an indi-
vidual patient basis. Finally, tumor-tissue has been available on
around 80% of patients enabling biological research.
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Introduction

Among patients with breast cancer, 20–25% will develop
metastatic disease, and the treatment will be palliative [1]. In
this situation, the purpose of treatment will be to ease symp-
toms in order to maintain or improve quality of life and if
possible, to prolong life [2,3].

When the disease no longer respond to standard treat-
ment regimes, the patient is either treated symptomatic or
with experimental chemotherapy. The optimal cytostatic
treatment of heavily pretreated breast cancer patients is not
standardized, often of low efficacy, and limited by comorbid-
ity and performance status. As the treatment is palliative, the
benefits of tumor response and improvement in disease-
related symptoms as a result of chemotherapy must be
weighed against treatment-induced toxicity and its impact
on quality of life [4]. Still more patients are receiving chemo-
therapy near end of life [5]. This is due to constant improve-
ment in breast cancer treatment and an increasing patient
wish for further treatment [6]. For several patients, even the
smallest possibility of benefit appears to be worth fighting
for and they prefer to do something actively [6,7].

Carboplatin has been proved effective in the treatment of
early-stage breast cancer, both as monotherapy [8,9] and as
combination therapy [10–12]. The efficacy of carboplatin in
the treatment of pretreated metastatic breast cancer is more
equivocal [13–19]. Furthermore, the efficacy in treating heav-
ily pretreated metastatic breast cancer is still debatable and
only few studies exist [20,21]. Recent studies have indicated
effect of platinum-containing regimes in treatment of triple
negative breast cancer [14,20,22,23], and international guide-
lines have included platinum-containing regimes in the treat-
ment of BRCA1/2 associated triple-negative metastatic breast
cancer [2]. Most of the studies involving carboplatin, show an
advantageous side effect profile [8,9,15–17], making the drug

suitable for palliative care. The aim of the current study was
to evaluate whether a carboplatin regime could be suitable
for late line treatment of heavily pretreated patients with
disseminated breast cancer, and to evaluate whether a carbo-
platin regime could be an option for those patients, who
desire additional treatment, but with a reasonable balance
between chance of effect and amount of side effects.

Patients and treatments

The study was performed at two oncological departments in
Denmark, Aarhus (cohort 1) and Odense (cohort 2). The data-
bases were searched to find all patients ever treated with a
carboplatin regime. All files were accessible from October
1990, where the first patient, later treated with carboplatin,
was diagnosed with breast cancer.

The patients included women with advanced breast can-
cer, treated with a carboplatin regime between July 2004
and February 2012. Inclusion criteria for this retrospective
study were histological verified breast cancer, advanced dis-
ease proven by biopsy or radiological investigations, and a
minimum of one treatment course with a carboplatin-regime.
In addition, the patients should not have been exposed to
carboplatin (cohorts 1 and 2) or gemcitabine (cohort 2) as
part of prior treatment. As carboplatin was not a part of the
standard treatment, the use of carboplatin was different in
the two hospitals.

Treatments

In cohort 1, the treatment consisted of carboplatin AUC 5
monotherapy or carboplatin and trastuzumab 6mg/kg (load-
ing dose 8mg/kg) in case of HER2-positive disease. Both
treatments were given on day 1 in a 3 week cycle. In cohort

CONTACT Lena H. Rosvig lenahede@rm.dk Department of Oncology, Aarhus University Hospital, Nørrebrogade 44, Bld. 5, DK-8000 Aarhus C, Denmark
Supplemental data for this article can be accessed here.
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2, the treatment regime was carboplatin AUC 5 on day 1
plus gemcitabine 1000mg/m2 on day 1þ 8 in a 3-week cycle.
Before every treatment, side effects were evaluated. The
treatment was continued until disease progression or
unacceptable side effects. Dose reduction or postponement
of treatment followed local instructions. Evaluation of treat-
ment efficiency and side effects was performed at every third
treatment cycle and included CT- and/or MRI scans, biochem-
istry, and physical examination.

Data collection and statistical analysis

Data were collected through patient records, treatment charts,
laboratory rapports, imaging examination, and pathology
reports. Baseline was first treatment day with carboplatin.

Performance status (PS) was evaluated according to WHO
score, based on medical records. The side effect profile of
carboplatin was evaluated by biochemical markers and the
patient's subjective perception according to CTCAE 3.0 (GFR
and creatinine from MedDRA Version 12.0, SPSS Inc., Chicago,
IL, USA), need for hospital admissions and dose reduction, as
well as postponement of treatment due to side effects.
Tumor response was evaluated according to RECIST criteria
(version 1.0/1.1) based on CT and MRI. In addition, the
response was based on the clinical examinations described in
the medical record. Stable disease was defined as no change
for a minimum of 3 months.

The primary endpoint was time to progression (TTP). TTP
takes stable disease (SD) into account, which is a desirable and
achievable goal in palliation. Secondary end-points included
side effect profile, objective response rate (ORR), clinical bene-
fit rate, time to response, and time to death (TTD). Hypothesis
generating analysis was performed to identify possible sub-
groups (hormone receptor (HR)-positive, HER2-positive and tri-
ple negative status) with different responses to treatment. All
descriptive statistics and analytical statistics were performed in
Stata/IC 12.0 (StataCorp LLC, College Station, TX, USA).
Estimates for time-to-event data with censoring, were deter-
mined from Kaplan–Meier curves. Due to the number of
patients in the study, hypothesis generating analysis of time-
to-event data were performed as differences in median TTP.

Results

The patient population initially consisted of 27 women in
cohort 1 and 26 women in cohort 2. One patient in cohort 1
was excluded from the study because of possible primary
lung cancer. Five patients in cohort 2 were excluded, because
carboplatin was given as neoadjuvant/adjuvant therapy. For
final analysis, in cohort 1, 12 women were treated with
carboplatin monotherapy and 14 women were treated with
carboplatin and trastuzumab. In cohort 2, 21 women were
treated with carboplatin-gemcitabine combination therapy
(Supplementary material). Trastuzumab was available in the
entire period. Patient characterization and previous courses
of treatment are summarized in Table 1.

The median number of treatments was 4 series with a
range of 1–21 series. In 40 (85%) women, termination of

treatment was due to disease progression and only in three
(6%) women treatment terminated was due to side effects
(Supplementary material).

The response to carboplatin containing-treatment is sum-
marized in Table 2. A separate analysis was made for the
most heavily pretreated women, i.e., those treated with 5–7
lines and 8–10 lines of systemic antineoplastic treatment
respectively (Table 2).

Exploratory analysis showed no correlation between TTP
and ER status (difference in TTP �1.0; 95% CI �2.5 to 0.5;
p¼ .2 for cohort 1 and 0.7; 95% CI �2.7 to 4.1; p¼ .7 for
cohort 2), HER2 status (difference in TTP �0.4; 95% CI �1.7
to 1.0; p¼ .6 for cohort 1 and �0.1; 95% CI �4.0 to 3.8;
p¼ 1.0 for cohort 2) or those described as triple negative
(difference in TTP 0.5; 95% CI �2.0 to 3.0; p¼ .7 for cohort 1
and 0.4; 95% CI �3.6 to 4.4; p¼ .8 for cohort 2).

The main reason for termination of treatment was progres-
sive disease. Side effects resulted only in few dose reductions,
treatment postponements, hospitalizations, and/or cessations
of treatments. The dominant side effects were hematological

Table 1. Patient characterization.

Cohort 1 Cohort 2 All p Value

Number of patients, n 26 21 47
Age (year) .9

Median 49 48 47
Range 31–63 31–66 31–66

Histopathology .1
Ductal 19 (73)a 18 (86) 37 (79)
Lobular 3 (12) 1 (5) 4 (9)
Other 4 (15) 0 (0) 4 (9)
Unknown 0 (0) 2 (9) 2 (4)

ER status .2
Pos 10 (38) 12 (57) 22 (47)
Neg 16 (62) 9 (43) 25 (53)

HER-2 status .02
Normal 11 (42) 16 (76) 27 (58)
Pos 14 (54) 3 (14) 17 (36)
Unknown 1 (4) 2 (10) 3 (6)

Triple negative status .6
Yes 7 (27) 7 (33) 14 (30)
No 19 (73) 14 (67) 33 (70)

Grade of anaplasia .4
1 3 (12) 1 (5) 4 (9)
2 4 (15) 7 (33) 11 (23)
3 14 (54) 8 (38) 22 (47)
Unknown 5 (19) 5 (24) 10 (21)

Lines of palliative treatments .2
0–1 2 (8) 5 (24) 7 (15)
2–4 13 (50) 12 (57) 25 (53)
5–7 7 (27) 2 (10) 9 (19)
8–10 4 (15) 2 (10) 6 (13)

Overall relapse duration (month) .01
Median (CI) 28.3 (18.4;43.7) 9.5 (4.2;21.4) 17.4 (11.2;27.2)
Range 0.9–129.2 0.3–114.8 0.3–129.2

PS (WHO) .1
0 12 (46) 6 (29) 18 (38)
1–2 12 (46) 15 (71) 27 (58)
3–4 2 (8) 0 (0) 2 (4)

Metastatic sites .8
1 1(4) 2 (10) 3 (6)
2–3 15 (58) 12 (57) 27 (58)
4–5 10 (38) 7 (33) 17 (36)

Age (year): age at the time of primary diagnosis. Lines of previous treatments:
the number of lines of systemic antineoplastic treatment (chemotherapy and/
or anti-hormonal therapy) the patient has been exposed to before carboplatin
treatment. Overall relapse duration (month): describes the patients’ overall
duration of time of the disease from first relapse to the start of carboplatin
treatment. PS: Performance status at the start of carboplatin treatment.
Metastatic sites: metastatic sites at the start of carboplatin treatment.
aPercent values in brackets.
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or nausea/vomiting and fatigue. Myelosuppression, in particu-
lar neutropenia and thrombocytopenia was of medium sever-
ity, with only few grades 3 and 4 events. Non-hematologic
side effects were generally mild and mainly of grads 0–2 and
with only one grade 3 event in fatigue and non-grade 4
events at all (Supplementary material).

Discussion

The study included women treated with several lines of
antineoplastic treatments prior to the carboplatin contai-
ning-regimes. Despite this, the women in general had a good
PS prior to initiation of treatment, meaning that their quality
of life could make additional treatment relevant.

The carboplatin regimes in our study were administered
considerably later in the disease course than in the previ-
ously mentioned studies. Nevertheless, the treatment effect
was comparable with what has been observed in previous
studies [8,9,12–21,23]. Our study demonstrates that carbopla-
tin regimes were effective in treatment of heavily pretreated
patients with up to ten lines of previous treatments, and
both as monotherapy and combination therapy with trastu-
zumab or gemcitabine. Despite being heavily pretreated the
women in our study showed a TTP of 2.3–4.1 months, and a
relatively high ORR of 26.9–38.1%. The response to carbopla-
tin containing treatment was independent of the number of
previous lines of relapse treatments. Neither did our results
indicate a difference in treatment response depending on
tumor subgroups and triple negative status. However, the
number of patients was small and the results of the
subgroup analysis should, therefore, be taken with caution.

As the study is retrospective, there is a risk of selection
bias, such as the fact that the women in our study in general

responded well to previous treatment lines (data not
showed), which could indicate a population with more
chemo-sensitive disease compared to the average patient.

The treatment was generally well tolerated. Still the
degree of myelosuppression was not insignificant. Especially,
neutropenia was frequent and of higher grades, but only few
cases of hospitalization due to febrile neutropenia were
recorded. The women treated with carboplatin-gemcitabine
combination therapy showed a tendency towards more
severe myelosuppression, indicating a more burdensome
treatment.

The extend of side effects was consistent with what has
been observed in previous studies of carboplatin monother-
apy [8,9,15,16] and in studies of carboplatin in combination
with gemcitabine [13,14,19,21], and less than in some studies
where more frequent and treatment limiting side effects
have been observed [12,17,18].

Cytostatic treatment of heavily pretreated patients with
metastatic breast cancer near the end of life should be con-
sidered carefully [24]. Often patients and their families want
to continue anti-neoplastic therapy and value even small
benefits greatly, and consider side effects as less important
[5]. Thus, a number of studies have shown that chemother-
apy can improve the quality of life of cancer patients and
result in better performance status, despite low objective
responses [3,4,24].

In conclusion, treatments with carboplatin regimes
showed an encouraging effect and were well tolerated and
may be candidates for late line treatment of heavily pre-
treated patients with metastatic breast cancer, where the pri-
mary treatment goal is to minimize the negative impact from
the disease upon the quality of life of the patient. However,

Table 2. Response to therapy.

Cohort 1 Cohort 2 All

Time to progression (month)
All

Median (CI) 2.3 (1.7;3.2) 4.1 (2.4;4.7) 2.8 (1.9;3.9)
Range 0.4–19.3 1.2–14.5 0.4–19.3
5–7 lines
Median (CI) 3.1 (1.9;9.6) 5.0 (5.0; .) 4.4 (1.9;9.6)
Range 1.9;19.3 5.0;9.1 1.9;19.3
8–10 lines
Median (CI) 7.0(1.8; .) 2.8(2.8; .) 4.4(1.8; .)
Range 1.8;8.5 2.8;4.4 1.8;8.5

Time to response (weeks)
Median (CI) 6.1 (3.0;7.6) 8.9 (6.1;11.6) 7.6 (4.1;8.9)
Range 3.0–8.4 6.1–12.9 3.0–12.9

Best tumor response, n (%)
CR 1 (4)a 2 (10) 3 (6)
PR 6 (23) 6 (29) 12 (26)
SD 5 (19) 4 (19) 9 (19)
PD 11 (42) 7 (33) 18 (38)
Unknown 3 (12) 2 (10) 5 (11)

Objective response rate % (CI)
All 26.9 (11.6;47.8) 38.1 (18.1;61.6) 31.9 (19.1;47.1)
5–7 lines 28.6 (3.7;71.0) 50.0 (1.3;98.7) 33.3 (7.5;70.1)
8–10 lines 50.0(6.8;93.2) 0.0(0.0;84.2) 33.3 (4.3;77.7)

Clinical benefit rate % (CI) 46.2 (26.6;66.6) 57.1 (34.0;78.2) 51.1 (36.1;65.9)
Time to death (month)

Median (CI) 8.8 (5.3;13.7) 8.2 (6.2;13.4) 8.8 (6.8;11.0)
Range 0.4–54.2 1.7–26.0 0.4–54.2

5–7 lines: women pretreated with 5–7 lines of systemic antineoplastic treatment.
8–10 lines: women pretreated with 8–10 lines of systemic antineoplastic treatment.
aPercent values in brackets.
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it is also clear that more studies concerning treatment in
heavily pretreated patients are needed.
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Introduction

With the technological development for sequencing and
automation of sample handling, interpretation of data
and classification of variants are becoming the more labor
intensive part of genetic screening. By 2008, 107 unique
pathogenic BRCA1/2 variants had been identified in Danish
hereditary breast and/or ovarian cancer families [1].
Identification of pathogenic BRCA variants affects not only
choice of preventive measures but also affects the effect of
treatment in cancer patients. The latter has most recently
been shown in a Danish cohort of breast cancer BRCA carriers
[2]. Since then, the number of identified pathogenic variants
has almost tripled. All though the methods for variant classi-
fication have improved, the number of variants of unknown
clinical significance has increased even more rapidly.

The five tier International Agency for Research on Cancer
(IARC) classification system [3] is the classification system
generally used in Denmark. All three participating laborato-
ries (Rigshospitalet, Odense and Aalborg University Hospital)
are longstanding members of Evidenced-based Network for
the Interpretation of Germline Mutant Alleles (ENIGMA) [4]
actively working towards classification of BRCA variants using
a multifactorial likelihood model first described in 2004 [5]
and subsequently revised and refined by incorporation of
additional data [6–11]. Current ENIGMA classification rules
can be found at https://enigmaconsortium.org/library/gen-
eral-documents/.

For counseling and clinical decision-making, individuals
with C5 (definitely pathogenic) and C4 (likely pathogenic)
variants are treated equally and offered full high-risk sur-
veillance programs. Likewise individuals with C1 (not
pathogenic/low clinical significance) and C2 (likely not
pathogenic/little clinical significance) variants are counseled
based on family history and other risk factors and treated
as ‘no pathogenic BRCA variant detected’. Hence, misclassi-
fication between groups C1/C2 or C4/C5 will not have any
clinical consequences, whereas misclassification between
the group with no/little clinical significance (C1/C2) and
the group of likely/definitely pathogenic variants (C4/C5)
obviously would be severe. C3 is the group in between,
representing variants of uncertain significance. This is a
large group of variants with a probability of pathogenicity
of 5–95%. However, an overly conservative and cautious
approach leading to an overuse of C3 classifications could
also be problematic and cause an unclear risk prediction.
Thereby, leading to subjectivity in conveying and perceiv-
ing cancer risk.

Variant classification is not static. Obviously, reclassification
of C3 variants is a natural consequence of growing

information from new variant carriers, segregation and/or
functional analyses. However, with the continuous gain of
knowledge of protein function and particularly importance of
naturally occurring isoforms there are examples of variant
reclassification from C4/C5 to C1/C2. The most well-known
example is BRCA1, LRG292t1:c.594-2A>C originally consid-
ered pathogenic due to exon10 skipping. However, further
analysis showed when this variant occurs in cis with
LRG292t1:c.641A>G it also produces 20–30% in-frame natur-
ally occurring isoform D9,10 which retains the tumor sup-
pressive function of BRCA1 [12]. In addition, there are reports
of synonymous variants and deep-intronic variants originally
deemed benign or likely benign subsequently showing an
effect on splicing [13].

Here we present the concerted effort of our national
Danish breast cancer variant classification group (DBKG) on
streamlining BRCA variant classification.

Material and methods

Mutation screening of the BRCA1 and BRCA2 genes and vari-
ant classification were performed in three different laborato-
ries (Rigshospitalet, Odense and Aalborg University Hospital).
Variant lists from the three laboratories were collated from
the uptake of BRCA screening (1999 Rigshospitalet, 2000
Odense and 2003 Aalborg) until the end of 2016.
Nomenclature was revised according to current HGVS guide-
lines [14] and checked for consistency using https://muta-
lyzer.nl/.

Classification was updated using a batch search for
ENIGMA approved classifications in ClinVar [15] on the 16
August 2017. Remaining variants were classified according to
current ENIGMA rules by the representatives from the three
laboratories. In addition, information on mRNA splicing analy-
ses and functional studies previously published or carried out
in the participating laboratories were taken into account.

Design of splicing assays is based on recommendations
from ENIGMA [16] and when possible allele-specific in nature.

Results

A total of 945 unique variants have been detected by the
three Danish laboratories carrying out BRCA1 and BRCA2
screening in a diagnostic setting (Supplementary Table 1).
Searching ClinVar for ENIGMA validated variant classification
164, 61, and 199 variants classified as C1, C2, and C5, respect-
ively, resulting in 521 unclassified variants (Table 1). After
classifying the remaining variants according to ENIGMA

Table 1. Proportion of variant classes.

Variant classification
ClinVar (ENIGMA) DBKG

Number Percentage Number Percentage

C1-benign 164 17% 167 18%
C2-likely benign 61 6.5% 211 22%
C3-uncertain significance – – 268 28%
C4-likely pathogenic – – 17 1.8%
C5-likely pathogenic 199 21% 282 30%
Not Classified by ENIGMA by 29 June 2017. 521 55% – –
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recommendations and based on additional available data
167, 211, 17, and 282 variants were classified as C1, C2, C4,
and C5, respectively (Table 1), reducing the number of C3 to
268.

Examples of mRNA splicing assays with information on
allelic usage, as recommended by ENIGMA are shown in
Figure 1. Variants with equal contribution to assumed full-
length transcript from both alleles and no usage of cryptic
splice sites are considered likely benign (C2) if they do not
cause direct changes to the protein sequence. Therefore, the
intronic mutation in BRCA2, LRG293t1:c.8632þ 15A>G
(Figure 1(B)) is classified C2, whereas BRCA1 LRG292t1:c.
4679G> T, although not causing aberrant splicing, is classi-
fied C3 because of the resulting rare missense variant
p.(Gly1560Val). Variants producing no full-length transcript or
no naturally occurring isoforms from the variant allele are
deemed likely pathogenic (C4).

Discussion

As evident from the collection of variants classified across
Denmark, a large proportion of variants detected in a routine
diagnostic setting have not been formally classified by
ENIGMA in ClinVar. Additional variants may be classified by
searching the literature or carrying out functional and splic-
ing assays. However, to ensure consistency in variant classifi-
cation the efforts must be concerted, which is a major
priority of the national initiative DBKG.

The example in Figure 1 illustrates the results of splicing
assays performed according to ENIGMA’s rules. BRCA2,
LRG293t1:c.8632þ 15A>G is classified as C2 by splice assay.

In order to reach a final classification as C1, support from
multifactorial analysis using co-segregation, pathology infor-
mation etc. is necessary. Likewise, the C3 variant BRCA1,
LRG292t1:c.4679G> T requires multifactorial analysis possibly
supported by functional data to be classified further. This
calls for a collaborative approach among clinicians and
molecular genetic laboratories. This approach have already
been applied for many variants in ENIGMA and a large num-
ber of additional variants, likely counting the variants pre-
sented here, will be included in coming analyses.

The classification of variants collected for this study is
updated and presented in the Supplementary material.
However, classifications are not static and therefore the listed
results should not be used for clinical purposes in the current
form. DBKG will ensure continuous revision of classifications
kept in an updated national database and eventually upon
formal ENIGMA validation will be posted in ClinVar.
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20–21 junction. Based on this c.8633þ 15A>G is classified as C2.
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Introduction

Staging of axillary lymph nodes in women with breast cancer
is an important guide for treatment decisions. For decades,
axillary lymph node dissection (ALND) was the standard pro-
cedure in staging the axilla, but today, sentinel lymph node
biopsy (SLNB) is the standard of care in clinically node nega-
tive women.

In Denmark, patients suspicious of breast cancer are
referred for a triple test assessment which consists of clinical
examination, mammography, whole-breast ultrasonography
(US) and needle biopsy of suspicious lesions. The preopera-
tive examination also includes US of the axillary lymph nodes
and fine needle aspiration cytology (FNAC) if enlarged or sus-
picious lymph nodes are present [1]. This examination is an
important tool in the preoperative staging of patients with
primary breast cancer [2,3].

Patients are classified as clinically node negative if no sus-
picious axillary lymph nodes are seen on US. These patients
will be offered a SLNB, followed by ALND if macrometastases
(tumor deposits >2mm) are found in the sentinel lymph
node(s). SLNB was completely implemented in Denmark by
the end of 2004 [4].

Patients with preoperatively verified axillary metastases
will have ALND performed immediately or receive neoadju-
vant treatment. Accurate preoperative axillary lymph node
status can reduce the numbers of patients having unneces-
sary SLNB performed. This reduces the time of the surgical
procedure and it has been shown to lower healthcare
costs [5,6].

The sensitivity of the preoperative staging of the axilla has
been shown to vary between studies from [2,5]. In the meta-
analysis by Diepstraten et al. [5] the sensitivity were found to
be 50%.
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The primary aim of this study was to evaluate the accur-
acy of preoperative staging of axillary lymph node involve-
ment in patients with primary breast cancer based on
preoperative US with or without FNAC. It was done in a large
population-based Danish breast cancer cohort in a period
with routine use of diagnostic procedures and mammo-
graphic screening.

Material and methods

The patient cohort was retrieved from the Danish Breast
Cancer Group (DBCG) database. All departments in Denmark
involved in the treatment of breast cancer report information
regarding diagnosis, individual patient data, type of surgery,
and adjuvant treatment to the DBCG database [7].

Study design and study population

The study is a retrospective register-based study which
includes women diagnosed with unilateral primary breast
cancer between 1 January 2010 and 31 December 2015. Only
patients, in whom staging of the axillary lymph nodes was
performed, were included. The exclusion criteria were
patients treated with neoadjuvant therapy, patients not
receiving any surgical treatment, patients with previous sur-
gery in the breast or axillary region and patients with occult
breast cancer. Furthermore, patients with inflammatory,
multifocal or ulcerating breast cancer were excluded since
ALND was standard of care in these patients regardless of
the result of the axillary US. Patients with lymph node meta-
stases found using other imaging methods, such as MRI and
PET scanning were excluded.

More than 2500 patients were manually cross checked
using the Danish Pathology Data Bank, due to missing data,
and were either excluded or included according to listed cri-
teria. See flowcart and Appendix I.

The study was approved the Danish Data Protection
Agency and the Danish Patient Safety Authority.

Specificity and sensitivity

The proportion of patients who were preoperatively clinically
node-negative and subsequently had macrometastases iden-
tified on SLNB were calculated. Additionally, we identified
the number of patients with preoperatively verified axillary
involvement on US and FNAC and afterwards confirmed on
ALND. Sensitivity of US and FNAC was defined as the total
number of patients with a positive preoperative USþ FNAC
examination among the patients with macrometastases in
the axilla. Furthermore, we looked at the specificity, defined
as the number of patients with a negative US and FNAC
examination among the patients without macrometastases in
the axilla. The positive predictive value (PPV) for predicting
the risk of having axillary macrometastases with a positive
USþ FNAC, and the negative predictive value (NPV) for pre-
dicting the probability of not having axillary macrometastases
with a negative USþ FNAC was calculated. The sensitivity

and specificity of preoperative axillary US and FNAC was cal-
culated accordingly.

The difference between the mean numbers of macrometa-
stases in the SLNB group compared to the group who had
ALND performed initially was tested with a Wilcoxon rank
test. p< .05 was considered statistically significant. A Chi-
squared test was used to test whether histologic subtype
was a risk of overseeing macrometastases on the preopera-
tive examination. Odds ratios (OR) with 95% confidence inter-
vals (CI) were calculated. All statistical analyzes were
performed using SAS statistical software, version 5.1 (SAS
Institute Inc., Cary, NC).

Results

A total of 20,498 patients were retrieved from the DBCG
database during the 5-year study period. After exclusion
according to the listed criteria 18,968 patients remained for
further analysis (Figure 1).

The prevalence of macrometastases in the axillary lymph
nodes in the present study cohort was 29.1% (Table 1). Of
these, 17,265 (91.0%) were clinically node negative and had
SLNB performed. The remaining 1703 patients (9%) did not
have SLNB performed as a consequence of a positive pre-
operative US and FNAC. A positive preoperative examination
was defined as a suspicious US and malignant cells or cells
suspicious of malignancy in the axillary lymph nodes on
FNAC leading to an immediate ALND. In a few patients,
ALND was performed based only on a suspicious US without
FNAC.

In all, 13,469 patients (78%) did not have macrometastases
in the sentinel node, but 194 of these patients had macrome-
tastases in non-sentinel nodes, and 242 patients had non-
detection of SN and had ALND performed. Out of these, 150
did not have any macrometastases. In total, 13,425 patients
did not have macrometastases and were defined as true
node-negative. Of the 17,265 clinically node negative
patients, 3554 patients had macrometastases in the sentinel
node, 194 patients had macrometastases in non-sentinel
nodes and 92 patients in the non-detection group had mac-
rometastases on the subsequent ALND (Figure 1). This
resulted in 3840 (22.2%) patients who were false negative on
the preoperative examination.

Out of the 1703 patients who did not have a SNLB per-
formed, 1691 patients had macrometastases on ALND and
were true positive. The remaining 21 patients did not have
macrometastases on ALND, but eight of the patients had
micrometastases and one patient had isolated tumor cells.
These nine patients were not considered false positive. In
total, 12 patients did not have any malignant cells on ALND
and were defined as false positive. These 12 patients had
suspicious malignant cells on FNAC (n¼ 10) or a suspicious
US (n¼ 2).

The sensitivity of the combined preoperative examination
including US and FNAC was 30.6%. The risk of overlooking
macrometastases on the preoperative examination was associ-
ated to lobular histologic subtype compared to ductal histo-
logic subtype, OR¼ 2.54 (95% CI: 2.03–3.17). There was a
significant difference between the mean number of
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macrometastases in the group who has SLNB performed (2.8)
compared to those who have ALND performed initially (5.8),
p< .0001. The specificity of the combined preoperative exam-
ination was 99.9%. PPV was 99.3% based on the 1691 patients
who were true positive and the total number of lymph node
positive patients. Hence, the NPV was 77.8%, calculated from
the number of 13,425 patients being true negative and the
total number of negative (13,425þ 3840 patients).

Discussion

The implementation of SLNB is the largest breakthrough in
breast cancer surgery since the introduction of breast con-
serving surgery in the eighties. Today, about 65% of breast

cancer patients are spared an ALND without impairment of
prognosis and local control, but gaining much less arm mor-
bidity and increasing quality of life [8]. However, as long as
ALND is the standard of care in patients with positive SN, the
SLNB is basically, in case of macrometastatic spread, only
waste of time, money and induction of false hope for the
patient.

The present study indicates that only about one-third of
women with macrometastases are identified prior to surgery.
Not surprisingly the chance of finding metastatic lymph
nodes preoperatively was associated with high metastatic
burden in the axilla. During recent years, international
randomized trials have indicated that that omission of ALND
is safe in women with minor spread to the axillary lymph
nodes [9,10]. This increases the need for a precise
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Figure 1. Flowchart 20,498 Danish womem with primary breast cancer treated 2010–2015. Macromet: Macrometastasis; LN: Lymphnode.
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preoperative staging of the axilla in order to identify patients
with major metastatic spread, where ALND may still be
indicated.

An increasing proportion of patients with verified metasta-
ses in the axilla by axillary US and FNAC are offered neoadju-
vant treatment. Around 30% of these patients experience
pathologic complete response (PCR) in the axilla [11,12].
Recent studies have shown that ALND can safely be omitted
in patients with PCR if no metastases or even isolated tumor
cells are found in the SN or in a FNAC proven metastatic
lymph node, marked before treatment [13,14]. Again, this
increases the need for a more accurate preoperative staging
of the axilla.

The study shows that the Danish diagnostic set-up is very
predictive concerning positive axillary status since only on
average two women in Denmark of the about 4700 new cases
of breast cancer every year, undergo direct ALND based on a
false-positive preoperative diagnosis of axillary spread.
However, two-thirds of the patients with macroscopic positive
lymph nodes were diagnosed on SLNB, which prolonged the
surgical procedure, and excluded axillary status as indication
for neoadjuvant treatment. Data from DBCG shows that the
sensitivity varies from 24 to 48% between the different centers
in Denmark [15]. Hence, it is possible to optimize the present
technology. The need for new diagnostic tools to identify
nodal status in women with breast cancer is obvious. At pre-
sent a new PET-tracer is tested at Rigshospitalet with particu-
lar focus on sensitivity of axillary status.
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Appendix 1: Postop. axilstatus.

Reasons for exclusion of patients:

– Neoadjuvant treatment (n¼ 1201)
– No surgical treatment (n¼ 120)
– No axillary dissection (n¼ 60)
– Multifocal or ulcerating tumor (primary ALND) (n¼ 27)
– Relapse of previous cancer or DCIS (n¼ 25)
– DCIS=LCIS (n¼ 23)
– Primary ALND with no reason noted (n¼ 16)
– Previous surgery in breast=axil, therefore no SLNB (primary ALND)

(n¼ 14)

Table 1. Distribution according to histologic subtype of 5496 Danish women
with primary breast cancer and macrometastasis in axillary lymph nodes
treated in the period of 2010–2015.

Procedure Procedure
SLNB ALND Total

Diagnosis
Ductal 3126 (82.0%) 1479 (87.9%) 4605
Lobular 536 (14.1%) 100 (6.0%) 636
Other 152 (4.0%) 103 (6.1%) 255

Total 3814 1682 5496

ACTA ONCOLOGICA 165

D
ow

nl
oa

de
d 

by
 [S

ta
ts

bi
bl

io
te

ke
t T

id
ss

kr
ift

af
de

lin
g]

 a
t 1

2:
37

 0
6 

Ja
nu

ar
y 

20
18

 



– Diagnostic excision biopsy or excision of DCIS which proved cancer,
therefore primary ALND (n¼ 12)

– Occult breast cancer (n¼ 5)
– LN found with other imaging modality than US (n¼ 5)
– Inflammatory breast cancer (primary ALND) (n¼ 4)
– Other cancer in same breast=axil (n¼ 4)
– Clinical metastasis to axil, nothing noted about US (n¼ 4)
– Breast cancer found in relation to breast reducing surgery (n¼ 2)
– No SLNB because of breast implants (primary ALND) (n¼ 1)

– 2 macrometastases found in lumpectomy, nothing noted about SLNB
(n¼ 1)

– Patient from Greenland, no SLNB (n¼ 1)
– Normal axil at time of diagnosis, alternative treatment for 1 year, clin-

ical metastases at time of operation (n¼ 1)
– Patient refrains from SLNB (primary ALND) (n¼ 1)
– Tumor excision in other department showed breast cancer, hereafter

unsuccessful fine needle aspiration x 2, primary ALND (n¼ 1)
– Patient diagnosed in 2007, surgery in 2012 for unknown reasons

(n¼ 1)
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Introduction

Axillary lymph node status has for long been the most
important prognostic factor in patients with primary breast
cancer [1]. Axillary lymph node dissection (ALND) provides
the most accurate staging of axillary lymph nodes and the
primary objective of ALND is, besides staging, local disease
control [2]. Furthermore, axillary lymph node status deter-
mines adjuvant treatment protocols based on the number of
macro metastases in the axillary lymph nodes, and survival is
improved and recurrence reduced when patients receive
adjuvant treatment corresponding to their axillary status
[2,3]. Advancements in adjuvant systemic therapy and radio-
therapy have improved loco-regional control of breast cancer
and the therapeutic value of axillary surgery has been dimin-
ished as well [4]. Besides this an increasing number of
patients are treated with neoadjuvant therapy, which may
result in complete pathologic response with remission of axil-
lary metastases in about 30% of patients [5–8]. Thus, axillary
dissection can be spared in these patients.

In Denmark, breast cancer patients are treated according
to national guidelines from the DBCG. The preoperative
examination includes ultrasonography (US) of the axillary
lymph nodes and fine needle aspiration if suspicious lymph
nodes are present. A systematic review and meta-analysis
from 2014 found that 50% of women with axillary involve-
ment can be identified preoperatively by axillary US-guided
biopsy [9]. Staging of patients who are clinically node nega-
tive on US is done by sentinel lymph node biopsy (SLNB).

SLNB is followed by ALND if metastases are found in the sen-
tinel node (SN). In 2013, ALND was restricted to patient with
macro metastases (>2mm) [10].

ALND can cause significant morbidity such as impaired
arm-/shoulder mobility, sensory disturbances, lymphedema
and persistent pain. The prevalence of sequelae is influenced
by the extent of the axillary surgery. ALND is associated with
an increased prevalence and intensity of pain as well as an
increased number and sensory disturbances compared with
SLNB [11–13].

In a randomized trial (ACOSOG Z0011), the American
College of Surgeons Oncology Group studied disease-free
survival and mortality in selected patients with positive SNs
treated with or without ALND [14]. The trial showed that
ALND can be omitted in a patient group with one or two
positive SNs, treated with breast conserving surgery (BCS)
and adjuvant radiotherapy without compromising loco-
regional control or survival. However this study did not reach
planned inclusion of patients and more than hundred institu-
tions contributed some of which only included few patients.
Surgical treatment of the axilla is still the gold standard in
patients with extensive nodal involvement. It is therefore
important to identify patients with a high risk of extensive
axillary involvement besides SN.

The aim of this study is to further characterize patients
with extensive nodal involvement among women with early
stage breast cancer, who are preoperatively clinically node
negative, based on preoperative US with or without fine
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needle aspiration cytology, who were found with macro
metastases in SN. The results may be used to select high-risk
patients who might benefit from axillary surgery or maybe
neoadjuvant treatment for down-staging the axilla. We chose
to include patients treated after the implementation nation-
wide mammography screening in 2010 in order to base the
study on a data material where clinical practice is similar of
today.

Material and methods

Patients

Data on patients diagnosed with primary unilateral breast
cancer, in 2010 and through 2015, were retrieved from the
DBCG database. In Denmark, clinical and histopathological
data and information on treatment and follow-up status on
patients with breast cancer are registered in the DBCG
national database, which was established in 1977. Data are
prospectively entered into the database from all Danish
departments involved in the diagnosis and treatment of
breast cancer. The database is considered to have a close to
complete reporting of all cases [15]. Missing data were
obtained from the Danish Pathology Data Bank.

In the analysis, we included patients who were preopera-
tively clinically node negative but were found to have macro
metastases on SLNB. The exclusion criteria were age �80
years and, neoadjuvant treatment. Patients who did not
receive SLNB were not included in the analysis, as well as
patients who did not receive ALND after SLNB with macro
metastases. We set a minimum of 10 lymph nodes as stand-
ard for a sufficient ALND and excluded women with <10
lymph nodes removed.

Statistical analysis

Univariate and multivariate logistic regression were used to
estimate odds ratios (OR) with 95% confidence intervals (CI)
for ten or more nodes with macrometastases, and a supple-
mentary analysis considering 4þmacrometastases an event.
The Wald test was used to test hypotheses on parameters.
Included in the models were age, histological type and
grade, tumor size, ER and HER2 status. Unknowns were
included in largest categories. P< .05 was considered statis-
tically significant. All statistical analyses were performed
using SAS statistical software, version 5.1 (SAS Institute Inc,
NC, USA).

Results

A total of 20498 patients were included in the study. Based
on the listed criteria 1530 patients were excluded due to
neoadjuvant treatment, misclassification and diagnosis with
only DCIS/LCIS after reexamination of the pathology reports
or because they met other exclusion criteria (Supplementary
material). Of the remaining patients 1,703 did not have SLNB
performed as they immediately underwent ALND because of
axillary metastases found by US with or without US-guided

fine needle aspiration. The remaining 17265 patients were
clinically node negative and underwent SLNB. A total of 3554
patients had macro metastases in one or more SN and 3,541
subsequently had ALND. In 13,469 patients, no macro meta-
stases were found in SN but 194 patients had macro meta-
stases in non SNs removed during the SLNB procedure. No
matter of the macro metastases were identified as a radio-
active lymph node, a blue dye–stained lymph node or
another lymph node resected during the SLNB procedure
they were considered SN positive. A total of 181 of them
went on to have an ALND. In 242 cases SN could not be
identified and these patients were treated with ALND.
Among these, 92 patients had macro metastases.

Altogether 3814 clinically node negative patients had
macrometastases in the axilla and an ALND. 126 were
excluded because less than 10 lymph nodes had been
removed during SLNB and ALND. The final cohort consisted
of 3,688 patients of which only 6% (215 patients) had �10
lymph nodes with macrometastases (Table 1). The majority
(3473 patients) had �9 lymph nodes with macrometastases
and among these, 2946 (80%) had only 1–3 macrometastasis.
(Table 2).

Age more than 50 years, lobular subtype, increasing tumor
size and histologic grade IIþ III, were significantly associated
with more than 10 positive nodes, when adjusting for age,
histological type, tumor size, grade, ER and HER2 status
(Table 2). The most profound risk factors was lobular subtype
compared to ductal subtype (OR: 3.09; 95% CI: 2.20–4.34)
and tumor size >50mm. compared to size 11–20mm. (OR:
6.47; 3.97–10.5).

We subsequently performed an exploratory analysis with a
cutpoint of four or more positive nodes revealing similar
results as mentioned above (data not shown).

Discussion

This large population-based study based on close to 4000
women with macrometastases in SN showed that only 15%
harbor in all more than three macrometastases in the rest of
the axilla. Currently, it is standard treatment to perform com-
pletion ALND removing on average more than 15 lymph
nodes in patients with macrometastases in the SN, which
means that many lymph nodes are unnecessarily removed,
with increasing risk of arm morbidity but without therapeutic
gain [16,17]. It is obvious that adherence to this guideline
often leads to overtreatment.

Of the 17,265 clinically node negative patients, 3688 had
macrometastases at SLNB and/or ALND, which equals 21.4%.
Of these patients 215 (1.3%) had �10 lymph nodes with
macrometastases.

The role of ALND in the treatment of SN-positive patients
is currently being questioned and the ACOZOG Z0011 study
by Guiliano et. al. argues that in a group of women ALND
can be omitted when only 1 or 2 SN are with macrometasta-
ses [14]. Currently, the SENOMAC trial is including patients
with macrometastases in 1-2 SN for randomization to either
ALND or no ALND [18]. However, as the trend of de-escal-
ation of axillary surgery becomes more widely implemented,
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it may be important to identify women who have a high risk
of having many axillary metastases since this group could be
at increased risk of axillary relapse if not treated with ALND.
Furthermore, these women may befit from neoadjuvant ther-
apy with chance of complete pathologic response in the
axilla and hence omission of ALND.

Several other studies have previously tried to identify clin-
ical and pathological characteristics of the primary tumor and
SN significant for metastatic spread to other axillary lymph
nodes, but these studies have not focused on the extent of
metastatic spread [17,19]. Studies on prediction of extensive

Table 1. Characteristics of 3688 Danish women where macrometastases were found in SLNB and subsequent ALND subdivided according
to the number of macrometastases.

Total (3688) 1–3 Macro (2946) 4–9 Macro (527) �10 Macro (215)
No (%) No (%) No (%) No (%)

Age, y
<50 963 (26.1) 785 (26.6) 139 (26.4) 39 (18.1)
50–59 1095 (29.7) 869 (29.5) 163 (30.9) 63 (29.3)
60–69 1242 (33.7) 994 (33.7) 162 (30.7) 86 (40.0)
70–79 388 (10.5) 298 (10.1) 63 (12.0) 27 (12.6)

Diagnosis
Ductal 3016 (81.8) 2473 (83.9) 407 (77.2) 136 (63.3)
Lobular 526 (14.3) 355 (12.1) 97 (18.4) 74 (34.4)
Other 146 (4,0) 118 (4.0) 23 (4.4) 5 (2.3)

Tumor size, mm
�10 390 (10.6) 355 (12.1) 24 (4.6) 11 (5.1)
11–20 1686 (45.7) 1417 (48.1) 207 (39.3) 62 (28.8)
21–50 1462 (39.6) 1093 (37.1) 261 (49.5) 108 (50.2)
>50 145 (3.9) 76 (2.6) 35 (6.6) 34 (15.8)
Unknown 5 (0.1) 5 (0.2) 0 (0.0) 0 (0.0)

Grade
I 857 (23.2) 738 (25.1) 96 (18.2) 23 (10.7)
II 1784 (48.4) 1384 (47.0) 275 (52.2) 125 (58.1)
III 872 (23.6) 682 (23.2) 130 (24.7) 60 (27.9)
Unknown 175 (4.7) 142 (4.8) 26 (4.9) 7 (3.3)

ER status
Positive 3324 (90.1) 2658 (90.2) 471 (89.4) 195 (90.7)
Negative 350 (9.5) 275 (9.3) 55 (10.4) 20 (9.3)
Unknown 14 (0.4) 13 (0.4) 1 (0.2) 0 (0.0)

HER2 status
Normal 3113 (84.4) 2523 (85.6) 420 (79.7) 170 (79.1)
Positive 499 (13.5) 367 (12.5) 95 (18.0) 37 (17.2)
Unknown 76 (2.1) 56 (1.9) 12 (2.3) 8 (3.7)

Table 2. Univariate and multivariable analysis of risk for �10 macrometastases compared to 1–9 macrometastases
in the 3688 Danish patients with macrometastases SLNB and subsequent ALND.

Unadjusted OR (95%CI) p value Adjusted OR (95%CI) p value

Age, y .029 .0031
<50 1.00 (ref) 1.00 (ref)
50–59 1.45 (0.96–2.18) 1.86 (1.222.86)
60–69 1.76 (1.20–2.60) 2.14 (1.42–3.21)
�70 1.77 (1.07–2.94) 2.06 (1.22–3.47)

Diagnosis <.0001 <.0001
Ductal 1.00 (ref) 1.00 (ref)
Lobular 3.47 (2.57–4.68) 3.09 (2.20–4.34)
Other 0.75 (0.30–1.86) 1.46 (0.53–3.57)

Tumor size, mm <.0001 <.0001
�10 0.76 (0.40–1.46) 0.84 (0.44–1.63)
11–20 1.00 (ref) 1.00 (ref)
21–50 2.10 (1.52–2.89) 1.78 (1.29–2.50)
>50 8.05 (5.08–12.8) 6.47(3.97–10.5)

Gradea <.0001 .0005
I 1.00 (ref) 1.00 (ref)
II 2.73 (1.74–4.29) 2.24 (1.41–3.57)
III 2.68 (1.64–4.37) 2.85 (1.66–4.89)

ER status 0.91 0.81
Positive 1.00 (ref) 1.00 (ref)
Negative 0.97 (0.61–1.56) 0.94 (0.56–1.58)
HER2 status .083 0.06
Normal 1.00 (ref) 1.00 (ref)
Positive 1.39 (0.96–2.01) 1.47 (0.98–2.21)

aIf diagnosis is not ductal or lobular the reference is ductal grade I.
CI: Confidence interval; OR: odds ratio.
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nodal involvement in the axilla exist but most of these studies
include patients diagnosed as node positive on axillary US
[20,21]. One previous European multicenter study has tried to
identify risk factors for four or more positive axillary lymph
nodes [22]. Like us, this study identified size of the primary
tumor as a risk factor, as well as extracapsular extension
and number of positive SN. To our knowledge, no previous
study has focused on the risk of more than 10 positive
axillary lymph nodes. In our study, only 6% of the SN-positive
patients had metastases in >10 axillary nodes. These patients
are rather candidates for neoadjuvant treatment than primary
surgery.

The omission of ALND in SN-positive patients represents a
shift in approach for surgical practice as this leaves a group
of patients with residual disease in the axilla to be targeted
by adjuvant therapy. This changing approach to patients
with a positive SN will benefit women with limited axillary
involvement as morbidity following axillary surgery will be
reduced. It has been showed that ALND is associated with a
higher prevalence of persistent pain, lymphedema and sen-
sory disturbances than SLNB. It is out most important to con-
tinue to limit the number of women undergoing ALND
without therapeutic benefit, but on the other hand not with-
hold ALND among women with high risk of axillary
recurrence.
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Introduction

In Denmark, the risk of developing invasive breast cancer
before the age of 75 is 11% [1]. Screening for breast cancer
is offered routinely from age 50-69 [2]. Patients undergoing
breast reduction are in risk of having occult invasive breast
cancer or ductal carcinoma in situ at the time of surgery.
Detection of such malignancies can be made pre- or postop-
eratively. In order to detect malignancies preoperatively the
Danish guidelines suggest that women 40þ years of age
ought to have a clinical mammography prior to breast reduc-
tion surgery [3].

Postoperative diagnosis can be verified at the pathologic
examination. Two different principles in this exist: (1) consist-
ent microscopic examination of all specimens or (2) macro-
scopic examination, only followed by microscopy in case of
focal abnormalities.

This study aimed to evaluate if macroscopic examination
of breast reduction specimens is a sufficient procedure for
detection of cancer. Second, we intended to map the meth-
ods for specimen examination in Denmark.

Method

Two sub-studies were undertaken:

1. A study regarding quality of specimen examination
method.
Here we quantified the subsequent occurrence of breast
cancer in women who had earlier had breast reduction
surgery. Furthermore, every cancer case was thoroughly
evaluated in order to decide if the cancer might have
been present and overlooked at the time of breast
reduction surgery.

2. A mapping of current specimen examination method
used in Departments of Pathology in Denmark.

Study 1 – quality of specimen examination method

Study population and data processing
The Danish National Pathology Register comprises informa-
tion on all pathoanatomical analysis of specimens performed
by Danish pathology departments. Information regarding all
tissue specimens is registered with the international coding

system “Systematized Nomenclature of Medicine” (SNOMED)
[4]. Using this register it was possible to identify 1120
women who have had breast reduction surgery at Odense
University Hospital from January 2005 until December 2010.
Of these 363 fulfilled the inclusion criteria; female sex, bilat-
eral breast reduction surgery and no previous breast cancer.

All specimens from the included 363 women were examined
at the Pathology department at Odense University Hospital. At
this department macroscopic examination is manual slicing of
the tissue and examination of the tissue slices by palpation and
vision. Microscopic examination is only performed when suspi-
cious areas with focal abnormalities are found.

Information on possible diagnoses of invasive breast can-
cer and ductal carcinoma in situ registered after breast
reduction surgery were ascertained from the Danish National
Pathology Register by searching for relevant SNOMED codes.

The follow-up period was calculated from the day of
breast reduction surgery until a registered diagnosis of breast
cancer, death or September 1. 2015 occurred. Histological
details for women diagnosed with invasive breast cancer or
ductal carcinoma in situ can be seen in Table 1.

Data on expected numbers of invasive breast cancers was
obtained from NORDCAN. NORDCAN comprise information
on incidence, mortality, prevalence and survival statistics on
more than 50 major cancers in the Nordic countries [1]. No
information on ductal carcinoma in situ is retrievable from
this database. In order to calculate the expected number of
breast cancers in our population, data for age specific inci-
dence rates from 2006 to 2014 from NORDCAN was used.

Statistics
Statistical calculations were made using Stata 14. Statistical
significance was defined as a two-sided p-value <.05. Risk
ratio for the examination procedures was calculated using
Fishers exact test.

Study 2 – mapping of specimen examination method
in Denmark

Information on clinical practice regarding examination
method of tissue from breast reduction surgery was obtained
through e-mails to all 12 Departments of Pathology in
Denmark.

CONTACT Lotte Meyer ceautiful@hotmail.com University of Southern Denmark, Odense, Denmark
Supplemental data for this article can be accessed here.

� 2017 Acta Oncologica Foundation
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Results

Study 1 – quality of specimen examination method

For 84.3% (n¼ 306) of the women, only macroscopic examin-
ation was found to be relevant. Further microscopic examin-
ation was performed in the remaining 15.7% (n¼ 57) of the
women. In two of the 306 and three of the 57 women breast
cancer was found. One case was identified during the surgery
and was excluded. The others were identified during the fol-
low-up period.

Risk ratio for being diagnosed with breast cancer in the
follow-up period showed a significantly increased risk for
women whose tissue was initially examined microscopically.
Risk ratio was 0.12 (95%CI 0.03–0.55), p¼ .0292.

Prevalence of invasive breast cancer was 0.3% (n¼ 4) and
the incidence rate was 1.1% per 2868 person years. One
patient was diagnosed solely with ductal carcinoma in situ.
Incidence rate of ductal carcinoma in situ was 0.3% (n¼ 1)
per 2868 person years. Mean follow-up was 7.9 years (95%CI
7.7–8.1).

The expected number of invasive breast cancers in the
population at 8 years of follow-up was 3.47. No statistical sig-
nificant difference between observed and expected incidence
rates was found. Rate ratio was 1.17 (p¼ .734, 95%CI
.28–7.04). The average age of the women were 38.8 years
(95%CI 37.4–40.1).

We found no statistical significant difference in incidence
rate of breast cancers based on the examination method
(p¼ .1147).

Study 2 – mapping of specimen examination method
in Denmark

The response rate was 83%, as 10 out of 12 departments
answered the questionnaire. One of these did not received
breast reduction specimens and was excluded. Six depart-
ments systematically conducted a microscopic examination
of their specimens. The remaining three performed a micro-
scopic examination only when considered relevant after the
macroscopic examination.

Discussion

Our data suggest that the risk of missing a cancer at the
examination of breast reduction specimens by macroscopic
examination is low. The prevalence of invasive breast cancer
in our study was in line with previous reported prevalence
ranging from 0% to 0.99% [5–14]. Overlooked breast cancer
is therefore very rare in breast reduction specimens. Invasive
breast cancer is even rarer in studies that, like ours,
subtracted data for women with prior breast cancer
[5,7,8,10,11,14].

A former Danish autopsy study of 110 younger to middle
aged women found a much higher prevalence of invasive
breast cancer (2%) and ductal carcinoma in situ (14%). A total
of 275 tissue samples were here thoroughly microscopically
examined suggesting a correlation between the number of

tissue samples and probability of finding histologic abnor-
malities on a microscopic level.

Many international studies recommend consistent micro-
scopic examination based on findings of high abnormality
prevalence in breast reduction specimens alone [6,10,11,14].
Detection of other abnormalities than invasive breast cancer
or ductal carcinoma in situ do not have the same clinical
consequences in Denmark, therefore these recommendations
cannot be applied uncritically. Lobular carcinoma in situ for
example is still regarded an incidental finding, although
increasing the subsequent risk of carcinoma [15]. Comparison
with international studies and application of their recommen-
dations are therefore difficult.

Women with benign breast abnormalities, typically found
in breast reduction specimens, generally have more precursor
prone tissue that can lead to breast cancer [6,14]. Second,
invasive breast cancer found at the time of operation imme-
diately gets histologically diagnosed by microscopic analysis.
Excluding the one case in our study that was diagnosed at
the time of the operation from the statistical analysis results
in no difference between the incidence rates of breast can-
cers based on the examination method.

We can’t exclude that a small breast cancer has been
removed at the breast reduction without diagnosing it in the
subsequent pathology examination. A further limitation is
the relatively few numbers of women with invasive breast
cancer and ductal carcinoma in situ in this study. Several
large international retrospective studies have found fewer
observed invasive breast cancer than expected in cohorts
of women who underwent breast reduction surgery
[13,16,17].

Identified cases

Evaluation of each identified breast cancer case is shown in
Table 2. The timespan between the operations and the suc-
ceeding cancers, combined with tumor characteristics and
clinic, makes it unlikely that any of the breast cancers were
overlooked at the initial pathology examination
(Supplementary material).

Evaluating the examination method

The examination procedure chosen by pathology depart-
ments should represent a method not only oncological safe
but also one that makes economic sense.

The pathologists in this study found macroscopic abnor-
malities in 16% of the specimens, which is high when com-
pared to Cook et al. [12]. This could reflect that macroscopic
examination is performed more thoroughly when subsequent
microscopic examination is not standard procedure. Despite
this, breast tissue initially not considered suspicious of occult
cancer by macroscopic examination can contain abnormal-
ities [7,12,18].

Conclusion

Breast carcinoma is rare in specimens from breast reduction
surgery. This study examined the quality of a time-efficient
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method where microscopic examination was only done when
macroscopically suspect areas were found. We did not find
evidence of undiagnosed breast cancers at the time of sur-
gery. Therefore, the method seems appropriate. The method
is, however, dependent on a careful macroscopic examin-
ation and we encourage the results to be replicated in other

populations so national guidelines for macroscopic examin-
ation can be established.

Disclosure statement

The authors report no conflicts of interest

Table 1. Flowchart of selection of the study population.

�Specimens from patients were registered and examined at the Department of Clinical Pathology (DCP), Odense University Hospital (OUH). Patients were identi-
fied in Patobank using the following codes: T04030, T04020, T04800, T04010 and T04000 from January 1. 2005 to December 31. 2010. Exclusion by the follow-
ing codes: P306Y3, P306X4, P30990, P32940 and P31060.��Unilateral removal of a lipoma in two patients, a fibroadenoma in one patient, an abscess in two patients, a fistula in one patient and a nonosseous extrame-
dullary plasmacytoma in one patient.���except malignant melanoma.

Table 2. Characteristics of the 5 cases of invasive breast cancer (IBC) and ductal carcinoma in situ (DCIS) in the cohort.

Patient (age at surgery)
Follow-up
(years) Diagnosis Tumour characteristics

Pathology examination
method

1 (38,5) 0 Multifocal invasive ductal carcin-
oma, DCIS AL metastasis: 1/13

19mm diameter (29mm including
DCIS areas) Grade II. ER pos,
PR neg, HER2 normal

Macro and Micro

2 (43,5) 3,6 Invasive ductal carcinoma.
AL metastasis: 1/17

63 mm diameter Grade II. ER pos,
HER2 normal.

Macro and Micro

3 (38,8) 4,9 Invasive ductal carcinoma with sat-
ellites, DCIS. AL metastasis: 0/15

30mm diameter Grade III. ER pos,
HER2 normal, Ki67-PI >80%

Macro

4 (48,4) 5,2 Invasive ductal carcinoma, DCIS AL
metastasis: 9/15

35mm diameter Grade III. ER neg,
HER2 normal Ki67-PI¼ 70%

Macro and Micro

5 (44,3) 7,0 DCIS. Sentinel node: 0/2 Area >60mm diameter Van Nuys
group 2

Macro

AL: axillary lymph node; ER: estrogen receptor; PR: progesterone receptor; HER2: HER2 receptor expression; Ki67-PI: Ki67 proliferation index.
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Trial registration/ethics

This study was approved by the Danish Data Protection Agency and
Danish Patient Safety Authority.
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