Breast Cancer Res Treat (2012) 135:885-892
DOI 10.1007/s10549-012-2221-3

EPIDEMIOLOGY

Association of mammographic density with the proliferation
marker Ki-67 in a cohort of patients with invasive breast cancer
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Abstract There is growing evidence that certain breast
cancer (BC) risk factors specifically increase the risk for
specific molecular tumor subtypes. Different molecular
subtypes of BC can partly be described by analyzing pro-
liferation in tumors. Very few data are available regarding
the association of mammographic density (MD), as a BC
risk factor, with proliferation. The aim of this study was to
analyze the association between Ki-67 expression in BCs
and MD. In this case-only study, data on BC risk factors,
hormone receptor expression, and MD were available for
1,975 patients with incident BC. MD was assessed as
percentage mammographic density (PMD) using a semi-
automated method by two readers for every patient. The
association of the Ki-67 proliferation index and PMD was
studied using multifactorial analyses of covariance
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(ANCOVA), with PMD as the target variable and including
well-known factors that are also associated with MD such
as age, parity, use of hormone replacement therapy (HRT),
and body mass index (BMI). There were no significant
differences in PMD between women with BC who had low
and high Ki-67 values (P = 0.31). However, there were
relevant differences in women with low BMI (P = 0.07),
and in women using postmenopausal HRT (P = 0.06) as
well as in women with low PR values (P = 0.07). In these
subgroups, the Ki-67 expression index increased with
decreasing PMD. Likewise PMD is correlated with BMI,
parity status, and menopausal status stronger in patients
with low proliferating tumors, and with progesterone
receptor expression in patients with high proliferating
tumors. MD correlates inversely with Ki-67 proliferation in
BC tumors only in some subgroups of BC patients, defined
by commonly known BC risk factors that are usually
associated with MD as well.
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Introduction

The molecular diversity of breast cancer (BC) is thought to
be responsible for inter-individual differences in the
prognosis and therapy response. The discovery of the
molecular pathways that are involved in the pathogenesis
of BC and therapy resistance not only helped to improve
the ability to predict the prognosis and therapy response but
also helped in developing new anticancer drugs [1]. Efforts
to predict the risk of BC are increasingly focusing on
identifying specific molecular subtypes of breast cancer [2]
that may have implications for the development of new
preventive drugs.

In relation to molecular characteristics and therapy
decisions for BC patients, some parameters are already
taken into consideration for stratifying the patients. These
include the estrogen receptor (ER), progesterone receptor
(PR), and HER2/neu receptor (HER2). Additionally,
grading also reflects some molecular characteristics, such
as proliferation. It has been debated in recent years whether
the proliferation marker Ki-67 should be taken into account
routinely in treatment decisions [3]. A high Ki-67 prolif-
eration index has generally been described as a parameter
associated with an unfavorable prognosis [4-6]. Ki-67 is
helpful for categorizing hormone receptor-positive breast
cancers further into subgroups that are similar to the
molecular types luminal A and luminal B [7, 8] and for
stratifying triple-negative and ER-positive BC into lesions
that respond to chemotherapy and those that do not [9].

With regard to molecular characteristics and BC risk
prediction, there have been studies in which specific risk
factors were associated with molecular tumor characteris-
tics. For example, nulliparity was found to be associated
with a reduced risk for triple-negative breast cancers
(TNBCs) and an increased risk for ER-positive BC [10].
Other reports have linked early age at menarche, nulli-
parity, and late age at first full-term pregnancy with an
increased risk of ER-positive, but not ER-negative BC
[11]. With regard to genetic risk factors, some variants
have been associated with the risk for ER-positive BC,
while others are specifically associated with ER-negative
BC [12-19]. Some loci have even been associated with the
risk for TNBC [19-22].

Mammographic density is one of the most important risk
factors for breast cancer. The risk may be increased by a
factor of five in women with a mammographically dense
breast [23-25]. However, the available data on the asso-
ciation between MD and specific tumor characteristics are
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limited. MD appears to be associated with an increased risk
for ER-negative cancer, rather than ER-positive cancer
[26]. Our group has previously reported on an inverse
association between MD and ER expression and a positive
correlation with PR expression [27]. To the best of our
knowledge, there have only been two negative reports that
investigated MD and proliferation in tumors [28, 29] and
only one study that has looked at MD and differential BC
risk with regard to grading [26]. The latter study found that
MD had a greater effect on the risk for higher-grade
tumors.

The aim of the present study was therefore to investigate
the association between MD and proliferation as assessed
by Ki-67 immunohistochemistry in patients with invasive
BC, in a large consecutive cohort of breast cancer patients,
stratified for the main molecular subtypes: TNBC, HER2-
overexpressing BC, and ER/PR-expressing BC.

Patients and methods

The patients were selected from the BC database at the
University Breast Center for Franconia. A total of 5,110
patients with invasive BC are documented in the database
for the period 1995-2008. In the analysis presented here,
patients were excluded in the following hierarchical order:
no mammogram performed at the University Breast Center
at the time of the primary diagnosis or bilateral synchro-
nous breast cancer (excluding 1,989 patients, 485 of whom
had prevalent cases); unknown ER or unknown PR status
(excluding 711 patients); and unknown Ki-67 status
(excluding 435 patients). The final study population con-
sisted of 1,975 patients with incident, unilateral, invasive
BC.

Data collection and follow-up

All patient characteristics and tumor characteristics were
documented as part of the certification processes required
by the German Cancer Society (Deutsche Krebsgesells-
chaff) and by the German Society for Breast Diseases
(Deutsche Gesellschaft fur Senologie) [30]. Certification
requires tumor characteristics, treatment data, some epi-
demiological data, histopathological characteristics, tumor
treatments, and follow-up to be documented and audited
annually. Information about HRT usage in the patient’s
history was collected from the patients’ charts at the time
of the primary diagnosis. BMI at the time of diagnosis was
obtained from measurements in the hospital, which were
carried out during treatment planning (i.e., before surgery
or chemotherapy).
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Mammographic density

The quantitative computer-based threshold density assess-
ments and breast area measurements were made by two
different readers with explicit training in the method used.
Each mammogram was read by both readers independent
of each other. The assessment method has been described
and validated previously elsewhere [31].

Briefly, the images (analog images and printouts of
processed digital images) were digitized using the CAD
PRO Advantage® film digitizer (VIDAR®, Herndon, Vir-
ginia, USA), and for assessment of the density fraction, the
reader used the Madena software program, Version X (Eye
Physics, LLC, Los Alamitos, California, USA) [31]. All
mammograms were read in random order by two different
observers, who were unaware of any previous classifica-
tions or pathological findings. The average of the two
observers’ values for percentage mammographic density
(PMD) was used for this analysis, into which only mea-
surements of contralateral cranio-caudal (CC) images were
included.

Pathology

In the course of routine patient care, dedicated breast
pathologists at the University Breast Center for Franconia
examined pathologic specimens from all of the patients
included in this study. The histological type, grade,
resection status, and TNM stage were determined, and
expression of ER, PR, and HER2 was analyzed immuno-
histochemically in accordance with the standard practice in
certified breast centers in Europe [32]. ER and PR status
are based on estimates of the percentage of clearly positive-
stained nuclei of cancer cells (from 0 to 100 %). Ki-67
staining was performed with the MIB1 clone, yielding the
percentage of positive nuclei of tumor cells (from O to
100 %). HER?2 testing was performed with the DAKO test
(Dako, Denmark). Information about tumor characteristics
was subsequently transferred from the histopathological
reports into our clinical database.

Statistical methods

The association between mammographic density and var-
ious patient and tumor characteristics was analyzed using
linear models. Simple linear regression analyses were used
for the ordinal predictors pT, grading, ER, and PR. Qua-
dratic regression analyses were used for age at diagnosis
and BMI, since a preliminary analysis had shown that
models with age squared or BMI squared as additional
predictor fitted better. The predictor Ki-67 was grouped
into two categories (<14 and >14), where the median
Ki-67 value was used as the cut-off point. Ki-67 was

categorized to simplify the interpretation of the multifac-
torial analyses introduced below. One-way analysis of
variance (ANOVA) were used for the categorical predic-
tors menopausal and HRT status, nodal status, HER2 sta-
tus, and histology, each categorized as in Table 1. Mean
PMDs with 95 % confidence intervals and the P-values of
F-tests are shown.

The association between Ki-67 and mammographic
density, taking into account the well-known predictors
mentioned above, was studied using multifactorial analysis
of covariance (ANCOVA) with PMD as the target variable.
Initially, an ANCOVA with all predictors except Ki-67 was
fitted. The predictors were used in the same way—i.e.,
categorical, linear, or quadratic, as above. Backward step-
wise variable selection was then carried out to obtain the
best model in accordance with the Akaike information
criterion (final model without Ki-67). Next, another
ANCOVA was fitted containing Ki-67, the predictors from
the final model without Ki-67, and the interactions of Ki-67
with these predictors. The variable selection procedure
described above was carried out again, but with the con-
dition that the selected predictors from the final model
without Ki-67 were kept. The resulting model (final model
with Ki-67) was compared with the final model without Ki-
67 using the likelihood ratio test. A significant test result
means that Ki-67 has predictive value independent of the
well-established predictors considered. P-values of F-tests
(type III analysis) and P-values of linear contrasts of the
final model with Ki-67 and adjusted mean PMD values
with 95 % confidence intervals were shown.

The model selection procedure described above was
evaluated by tenfold cross-validation with 20 replications.
The mean R* statistic for the final models with Ki-67
constructed with training data sets and applied to validation
data sets was shown.

Similar analyses were carried out for the subgroup of
patients with triple-negative tumors (ER <10, PR <10, and
HER2-negative), the subgroup of hormone receptor-posi-
tive (ER >10 or PR >10) and HER2-negative patients, and
also the subgroup of HER2-positive patients. Obviously,
ER, PR, and HER2 were not used as predictors.

All of the tests were two-sided, and a P-value <0.05 was
regarded as statistically significant. Calculations were
carried out using the SAS software package (version 9.2,
SAS Institute Inc., Cary, North Carolina, USA) and the R
system for statistical computing (version 2.13.1; R Devel-
opment Core Team, Vienna, Austria, 2011).

Results

At least PMD, Ki-67, and one of the additional patient and
tumor characteristics were available for a total of 1,975
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Table 1 Patient and tumor characteristics, showing mean and standard deviation for age and BMI, median and interquartile range for ER and

PR,* and frequency and percentage for all other data

Characteristic All patients Ki-67 low Ki-67 high
Mean or n or  SD or % or Mean or n or  SD or % or Mean or n or  SD or % or
median interquartile range median interquartile range median interquartile range

Age 59.3 12.8 60.6 12.1 583 13.2
BMI 26.2 4.8 26.0 4.5 26.3 5.0
PMD 36 19 36 19 36 19
Parous

No 308 100 119 38.6 189 614

Yes 1,667 100 751 45.1 916 54.9
Menopausal and HRT status

Pre-/perimenopausal 455 100 170 374 285 62.6

Postmenopausal and no 929 100 404 43.5 525 56.5

HRT use

Postmenopausal and 496 100 254 51.2 242 48.8

HRT use
pT

T1 1,070 100 561 524 509 47.6

T2 688 100 243 353 445 64.7

T3 79 100 31 39.2 48 60.8

T4 96 100 27 28.1 69 71.9
Nodal status

Negative 1,212 100 592 48.8 620 51.2

Positive 703 100 255 36.3 448 63.7
Grading

Gl 236 100 193 81.8 43 18.2

G2 1,256 100 608 48.4 648 51.6

G3 403 100 45 11.2 358 88.8
ER 70 (10, 80) 70 (40, 90) 50 (0, 80)
PR 30 (0, 70) 50 (10, 80) 10 (0, 60)
HER2

Negative 1,511 100 736 48.7 775 51.3

Positive 281 100 68 242 213 75.8
Histology

Ductal 1,302 100 471 36.2 831 63.8

Lobular 397 100 237 59.7 160 40.3

Others 274 100 162 59.1 112 40.9

* Medians are shown, as ER and PR are not normally distributed

BMI body mass index, ER estrogen receptor, HRT hormone replacement therapy, PMD percentage mammographic density, PR progesterone

receptor, SD standard deviation

patients. The patients’ mean age was 59.3 years (£12.8
years) and their mean BMI was 26.2 kg/m? (+4.8 kg/m?).
PMD was measured on average as a percentage of 36 %
(£19 %). The study included 455 premenopausal or peri-
menopausal women (24.2 %), 1,425 postmenopausal patients
(75.8 %), and 95 women with unknown menopausal status.
The patients’ characteristics are shown in Table 1.

With regard to tumor characteristics, most of the
patients had a pT1 tumor (n = 1,070, 55.4 %) and were
node-negative (n = 1,212, 63.3 %). Most of the tumors
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were ER-positive and PR-positive, with medians of posi-
tively stained tumor cells at 70 and 30 %, respectively.
HER?2 status was available for 1,792 patients, and 281 were
HER2-positive (15.7 %). The patient group was dichoto-
mized into those with tumors in which more than 14 % of
the tumor cells stained positive for Ki-67 and those in
which <14 % of tumor cells stained positively.

The initial analysis of covariance, which did not include
Ki-67, identified age, BMI, parity, menopausal and HRT
status, pT, grading, and histology as relevant predictors of
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PMD. Nodal status and HER2 status were dropped during
the variable selection process; that is, their predictive value
appeared to be irrelevant, or was already explained by the
other selected variables.

The ultimate analysis of covariance, taking into account
the relevant predictors described above and also Ki-67 and
its interactions with those predictors, showed that predic-
tion of PMD can be improved overall by taking Ki-67 into
account (P < 0.01, likelihood ratio test). In particular,
interactions of Ki-67 with PR (P = 0.03, F test), BMI
(P <0.01, F-test), menopausal status and HRT usage
(P = 0.02, F-test), and parity (P = 0.11, F test) improved
the prediction. The other interaction terms were dropped
during the variable selection process. The cross-validated
R* was 0.39. Adjusted PMDs based on this final model are
shown in Table 2.

Overall, there were no significant differences in adjusted
PMD between women with low Ki-67 indices (PMD = 36;
95 % CI 34-38) and high Ki-67 indices (PMD = 35; 95 %
CI 33-37). More precisely, however, there were relevant
differences in women with a low BMI (P = 0.07), and in
postmenopausal women using HRT (P = 0.06), as well as
in women with low PR values (P = 0.07). In these three
subgroups, PMD decreased with increasing Ki-67 indices.

As in the unadjusted analysis, the adjusted PMD is
inversely associated with age (P < 0.00001) and ER
(P < 0.01). BMI and PMD are also inversely associated;
the differences are slightly larger in women who have
developed a tumor with a low Ki-67 index than in women
who have developed a tumor with a high Ki-67 index.
Significant differences in PMD between women with and
without children were detected in women with tumors with
a low Ki-67 index (P < 0.01), but not in women who
developed a tumor with a high Ki-67 index (P = 0.08).

PR expression was higher in women with a higher PMD
in the subgroup of patients who developed a BC with a
high Ki-67 index (P < 0.01), but there were no differences
in PMD with regard to PR expression in women who
developed a BC with a low Ki-67 index (P = 0.92).

All of the above analyses were repeated for clinically
relevant molecular subgroups—TNBC/(ER-positive or PR-
positive) and HER2-negative/HER2-positive—but Ki-67
did not improve the prediction of PMD in the subgroup of
triple-negative patients (n = 243; P = 0.12, likelihood
ratio test) or in the subgroup of HER2-positive patients
(n = 280; P = 0.13, likelihood ratio test).

Ki-67 improved the prediction of PMD in the subgroup
of hormone receptor-positive and HER2-negative patients
(n = 1,262; P = 0.03, likelihood ratio test). As in the main
analyses, the interactions of Ki-67 with BMI and parity
status were preserved in the final prediction model. The
associations with PMD are the same as in the main
analysis.

Discussion

This retrospective case-only study did not demonstrate a
general association between tumor proliferation, as assessed
by Ki-67 immunohistochemistry, and MD, measured as
PMD. However, it does show that the commonly reported
associations between PMD and BMI, menopausal and HRT
status, as well as parity and PR expression, differ in patients
with high-proliferation or low-proliferation tumors.

A few other case-only studies have also reported on the
association of Ki-67 and MD. Two studies using the
American College of Radiology (ACR) categories for MD
assessment and with sample sizes of 546 and 434,
respectively, found no association between MD and Ki-67
indices [28, 29]. A more recent study looked for associa-
tions between PMD and dense area and Ki-67 staining in
159 women with BC from the multiethnic cohort in
Hawaii, and did not find any associations either [33]. The
present generally negative findings are therefore also con-
sistent with the findings of these published studies.

No Ki-67 staining was reported in a larger case—control
study that analyzed associations between breast density and
subsequent breast cancer, stratified by tumor characteris-
tics. In women with higher PMD values, Yaghjyan et al.
[26] reported a higher risk for tumors with a higher grading
than for tumors with a lower grading. In comparison with
women with a PMD <10 %, women with a PMD >50 %
had an OR of 1.25 (95 % CI 0.6-2.6) for grade 1 tumors,
an OR of 3.0 (95 % CI 1.8-5.1) for grade 2 tumors, and an
OR of 5.3 (95 % CI 2.8-10.1) for grade 3 tumors. Although
grading represents not only proliferation but also archi-
tectural and cytological characteristics, grading and the
Ki-67 index are regularly strongly correlated with each
other. The present study did not show any association
between PMD and grading, nor did two of the above-
mentioned case-only studies [28, 29]. In contrast to the
correlation between PMD and grading reported by Yaghj-
yan et al., however, Aiello et al. [28] described a weak
inverse association between MD and grading in a subgroup
of BC patients in whom the disease was not detected during
screening (i.e., interval cancers). The present study mainly
included patients who were not taking part in a screening
program, and the patients can therefore not be divided into
these two groups.

The new finding in the present study is the interaction of
the association between commonly reported factors influ-
encing MD and Ki-67 expression in BC. This might shed
some light on the way in which known risk factors for BC
such as BMI, parity, and HRT use interact with MD with
regard to molecular characteristics of the tumor—i.e.,
proliferation as assessed by Ki-67 in the present study.

The association between BMI, parity, and HRT use
among postmenopausal women and PMD was stronger in
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Table 2 Percentage mammographic density (PMD) in relation to patient characteristics, showing mean PMD with 95 % confidence interval in
brackets and P-values are shown

Characteristic Value PMD unadjusted®  PMD adjusted®  PMD adjusted ~ PMD adjusted  P-value
all patients all patients Ki67 low Ki67 high
Age Low (49.7 years) 41 (40, 42) 40 (39, 42) 41 (39, 43) 40 (38, 41) 0.31
High (68.1 years) 29 (28, 30) 33 (31, 34) 33 (31, 36) 32 (30, 34) 0.31
P value <0.000001 <0.000001 <0.000001 <0.000001
BMI Low (22.8 kg/m?) 42 (42, 43) 42 (40, 43) 42 (40, 44) 40 (38, 42) 0.07
High (28.9 kg/m?) 28 (27, 29) 30 (28, 32) 31 (29, 33) 29 (27, 31) 0.36
P-value <0.000001 <0.000001 <0.000001 <0.000001
Parous No 42 (40, 44) 37 (35, 40) 39 (36, 42) 36 (33, 39) 0.20
Yes 35 (34, 35) 34 (32, 35) 34 (32, 36) 34 (32, 36) 0.91
P-value <0.000001 <0.001 <0.01 0.08
Menopausal and  Pre- and perimenopausal 49 (47, 50) 38 (35, 41) 39 (36, 42) 37 (34, 40) 0.30
HRT status Postmenopausal and no HRT use 29 (28, 30) 33 (31, 35) 32 (30, 35) 34 (32, 36) 0.33
Postmenopausal and HRT use 36 (34, 37) 36 (34, 38) 37 (35, 40) 34 (32, 37) 0.06
P-value <0.000001 <0.001 <0.0001 0.13
pT Low (T1) 36 (35, 37) 36 (34, 37) 37 (34, 38) 35 (33, 37) 0.31
High (T2) 35 (34, 36) 36 (35, 38) 37 (35, 39) 36 (33, 38) 0.31
P-value 0.18 0.19 0.19 0.19
Nodal Status Negative 36 (35, 37) € - -
Positive 35 (33, 36) - - -
P-value 0.12 - - -
Grading Low (G2) 36 (35, 37) 36 (34, 37) 36 (34, 38) 35 (33, 37) 0.31
High (G3) 35 (34, 37) 35 (33, 37) 36 (33, 38) 34 (32, 37) 0.31
P-value 0.51 0.32 0.32 0.32
ER Low (10) 38 (37, 40) 38 (36, 40) 39 (36, 41) 37 (35, 39) 0.31
High (80) 34 (33, 35) 35 (34, 37) 36 (34, 38) 35 (33, 37) 0.31
P-value <0.000001 <0.01 <0.01 <0.01
PR Low (0) 35 (33, 36) 35 (33, 37) 37 (34, 39) 33 (31, 38) 0.07
High (70) 37 (35, 38) 37 (35, 38) 36 (34, 38) 37 (35, 39) 0.53
P-value 0.03 0.03 0.92 <0.01 -
HER2neu Negative 35 (34, 36) - - - -
Positive 37 (34, 39) - - - -
P-value 0.26 - - - -
Histology Ductal 35 (34, 36) 34 (33, 36) 35 (33, 37) 34 (32, 36) 0.31
Lobular 38 (36, 40) 38 (36, 40) 39 (36, 41) 37 (35, 40) 0.31
Others 36 (34, 38) 35 (32, 37) 35 (33, 38) 34 (31, 37) 0.31
P-value 0.03 <0.001 <0.001 <0.001
Overall 36 (35, 37) 36 (34, 37) 36 (34, 38) 35 (33, 37) 0.31

Ordinal characteristics were evaluated at the first quartile (“low” value) and third quartile (“high” value)

BMI body mass index, ER estrogen receptor, HRT hormone replacement therapy, PMD percentage mammographic density, PR progesterone
receptor

# PMD estimated with simple linear models; one model per predictor
® PMD estimated by a multiple ANCOVA (final model with KI-67). Mean PMD values are adjusted for all other predictors
¢ Nodal status was dropped during the variable selection process

9 Her2neu status was dropped during the variable selection process

patients who developed a tumor with a low Ki-67 index. It [7, 8, 34]. It helps classify hormone receptor-positive and
is known that analyzing proliferation helps classify tumors ~ luminal breast cancers into so-called luminal A breast
with regard to the molecular subtypes of breast cancer  cancers, which have a good prognosis, and luminal B
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breast cancers, which have a more unfavorable prognosis.
Among the triple-negatives, Ki-67 is able to differentiate
between tumors with a good response to chemotherapy and
tumors that are treatment-resistant [9]. The subgroup
analysis according to these molecular subtypes in this study
confirmed the findings of the total study population only in
the subgroup of patients with hormone receptor-positive/
HER2-negative (luminal-type) BC. No associations were
found in triple-negative BC or HER2-positive BC. How-
ever, the sample sizes of the two latter groups were only
243 and 280, so that this negative finding might be due to
weak statistical power.

With regard to the findings concerning PR and Ki-67, our
group previously reported a positive association between PR
expression and PMD [27]. The analysis presented here pro-
vides some evidence that this association is stronger in
patients who developed a tumor with a high Ki-67 index,
whereas the association is not present in patients who
developed a low-proliferation tumor.

The strengths of the present study are the large sample
size and the fact that all of the mammograms were assessed
by two independent readers who were not aware of the
other reader’s findings. Another aspect implies advantages
and disadvantages. On the one hand, the methods of Ki-67
staining and evaluation used are part of routine clinical
practice. The staining and assessment of whole sections
may be a strength, as most published studies use tissue
microarrays and are unable to account for heterogeneously
expressed Ki-67 in a whole slide section. In addition, the
fixation and staining procedures were carried out directly
after the fixation and embedding of the specimens into
paraffin. This may have reduced the potential for vari-
ability in studies using paraffin blocks of different ages,
ranging up to decades. On the other hand, routine clinical
assessment means that different batches of chemicals and
antibodies are used, and also that there are different
observers involved. Another weakness is the design as a
case-only study, as this means that no—or only very lim-
ited—interpretations with regard to breast cancer risk and
the characteristics analyzed can be made. It has to be
mentioned that both, analog films and printouts of pro-
cessed, digital images were used and this might have an
influence on the analyses, however including the type of
mammogram (analog vs. digital printouts) into our pre-
diction models and rerunning the analyses did not yield any
evidence, that the correlation of PMD and Ki-67 is influ-
enced by type of mammogram.

In conclusion, this study found evidence that the asso-
ciations between MD and the commonly described BC risk
factors BMI, HRT use, and parity differ in patients with
high-proliferation and low-proliferation breast cancer
tumors. Likewise this effect was seen as well concerning
PR status. As breast cancer risk research has developed not

only to describe the pure BC risk, but also to take molec-
ular characteristics into account, Ki-67 appears to be a
perfect candidate for inclusion in this type of research.
Whether the associations described here have any impact
on the risk associations of specific molecular subtypes of
breast cancer will need to be investigated in further large
case—control studies.
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