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Abstract

Background Menstrual and parity history might impact the risk for breast cancer. Data on the impact of these factors on
other tumor characteristics are limited.

Methods A single center retrospective cohort study comprising all women with estrogen receptor (ER) positive, human
epidermal growth factor receptor 2 (HER2) negative, early breast cancer whose tumors were sent to OncotypeDX analy-
sis. The prespecified subgroups were investigated: age of menarche (< 12 vs. > 12 years), number of deliveries (0 vs. > 1
childbirth and > 5 childbirth vs. other), age of first delivery (= 30 years vs. younger age) and postmenopausal compared
to premenopausal. The impact of age of menopause was also assessed categorically, using early (<45 years) and late
age of menopause (> 55 years). Differences in tumor characteristics were evaluated using T-test or Mann Whitney for
continuous variables or Fisher’s exact test for categorical variables. Outcomes were assessed by Kaplan-Meier survival
analysis, with the log-rank test.

Results A total of 620 women were included. After median follow-up of 10.4 years, early menopause was associated with
significantly worse disease-free survival (HR=2.26, p=0.004) and overall-survival (HR=2.60, p=0.004), and multiparity
was associated with significant worse disease-free survival (HR=2.16, p=0.026). These differences remain significant
in multivariate analyses. Post-menopausal women were more likely to have stronger ER intensity (p=0.002) but pro-
gesterone receptor (PR) positivity was less frequent (p=0.009(. Early age of menarche was associated with PR positivity
(p=0.039). No other associations were found between the evaluated subgroups and tumor characteristics.

Conclusions The impact of endogenous estrogen exposure had little effect on breast cancer characteristics of early stage,
luminal disease. Early menopause and multiparity were associated with worse outcome.
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1 Introduction

Breast cancer accounts for 30% of all cancer diagnosed in women, with a lifetime risk of 12.4% [1]. Estrogen and its
metabolites have a role in breast cancer development. Exposure to high levels of either endogenous or exogenous
estrogen increase the risk of breast cancer, particularly estrogen receptor (ER) positive breast cancer [2], which is
overexpressed in approximately 75% of all breast cancers [3]. In contrast to exogenous estrogen exposure, which is
determined by treatment women might take during their life time such as oral contraceptive or hormone replace-
ment therapy, endogenous estrogen exposure is determined by events women are experiencing during their life
time, including duration of ovulations (i.e. time between menarche and menopause) and pregnancies.

Excess risk of breast cancer has been attributed to early menarche and late menopause, this is associated to length-
ening woman'’s reproductive years [4]. Compared to early menarche, late menarche is associated with decreased risk
for breast cancer which is more robust for ER positive disease than ER negative disease [5]. Late menopause inde-
pendently increases the risk for breast cancer, with a relative increase of 3% for every year older at menopause [4].

Parity also effects breast cancer risk through hormonal mechanisms. Nulliparity is related to an increase risk of
breast cancer, whereas multiparity has an overall protective effect, although there is an increased risk for breast cancer
during the first two decades after childbirth and then it gradually decreases [6, 7]. Age at first full-term pregnancy
is another factor related to breast cancer risk, with lower breast cancer risk in women with younger age of first birth
[8]. Obesity is a known risk factor for cancer, higher BMl increases the risk for ER positive breast cancer specifically in
postmenopausal women, possibly explained by higher estrogen levels resulting from the peripheral conversion of
estrogen precursors from adipose tissue [9, 10].

The impact of endogenous estrogen on breast cancer characteristics is less known. Earlier age at menarche and
older age of menopause are associated with more frequently lobular tumors [4]. Older age at menopause is associ-
ated with the development of ER positive tumors rather than to ER negative tumors [4]. An association between the
baseline levels of sex-hormone has also been described in postmenopausal women, with higher level of estradiol
and testosterone associated with increased risk of ER positive disease, but not with ER negative breast cancer [11, 12].

Breast cancer is a diversified disease, with different histopathological characteristics and molecular subtypes
that determine both treatment and prognosis [13]. ER positive, human epidermal growth factor receptor 2 (HER2)
negative-subtype represents approximately 65-70% of invasive breast cancer and compared to other subtypes have
a better prognosis [13]. Yet, the luminal-subtype has a spectrum of variables affecting its prognosis and treatment,
including the extent of the disease, grade, Ki67, intensity of ER and genomic risk [14-17]. One of the genomic assays
used in this population is the 21-gene recurrence-score assay (Oncotype DX, genomic Health) which provides both
predictive and prognostic information in early-stage luminal disease [18].

The aim of our study was to investigate the effect of endogenous estrogen on histological tumor characteristics
and on the genomic risk in early breast cancer women with ER positive, HER2 negative disease and to explore the
correlation of these exposures on outcomes.

2 Methods

This was a retrospective single center cohort study. All women who were treated in our institute between 2005 and
2012 with ER positive, HER2 negative, early breast cancer whose tumors were sent to Oncotype DX analysis were
included. As Oncotype DX was available and reimbursed in Israel since 2005, nearly all patients with luminal early
breast cancer who were medically fit for adjuvant chemotherapy were sent for Oncotype DX. The Clalit Heath Services
are the medical provider for the majority of the included patients in this cohort.

A detailed review of patients’ medical records and pathological reports was conducted. Data on demographics,
adjuvant therapy and pre-specified clinical-pathological parameters were extracted including: tumor size (categorized
asT<1cm,1<T<2cmandT>2 cm), nodal status (negative or positive, including both macro- and micrometasta-
ses), intensity of ER and progesterone receptor (PR) expression, grade, Ki67, lymphovascular and perineural invasion
and Oncotype DX recurrence score (RS). RS was categorized by the TailorX groups: low risk: RS <25 and high risk:
RS > 25 [20]. ER/PR staining report was based on the modified version of H-score method [21] [(1X % cells + 1) + (2%
% cells +2) + (3x % cells + 3)1/100, yielding a score, ranges from 0 to 3. The intensity of hormone receptor staining
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was classified into 3 categories: weak expression level is defined as—0 < ER/PR < 1, intermediate—1 < ER/PR< 2 and
strong—ER/PR> 2.

Data on endogenous estrogen exposure and parity were collected including: age of menarche, number of childbirth
and age of first delivery, menopausal status and age of menopause. Data on any loco-regional, distant recurrence and
death were also recorded. Data lock was in 18/06/2020.Time of recurrence was defined as the date of biopsy from site of
recurrence or the date of abnormal imaging suggestive for metastatic disease. Disease-free survival (DFS) was defined as
the time between breast surgery to an event (recurrence or death) or data lock. Duration of survival was defined as time
from initial breast cancer diagnosis to date of death or time of data lock. Patients’ vital status was ascertained through
Israel’s ministry of interior database.

The impact of endogenous estrogen exposure and parity on breast cancer characteristics and on outcomes was evalu-
ated. Comparisons were conducted for the pre-specified subgroups including: age of menarche (age <12 compared
to age = 12), nulliparity (yes compared to no), multiparity (women with 5 or more childbirths compared to less than 5
childbirths) and menopause (postmenopausal compared to premenopausal). For postmenopausal women comparisons
were done for early menopause (age <45 compared to menopause age > 45) and late menopause (age >55 compared to
menopause at the age <55). This discrimination was applied based to prior data suggesting differences in breast cancer
risks between these subgroups [22]. As data were analyzed anonymously, no consent was required. The study protocol
was approved by our institutional ethics committee.

2.1 Statistical analysis

Statistical analysis was generated using SAS Software, Version 9.4. Data were reported descriptively by each of the
pre-specified categories as described above. Categorical variables were presented by as proportions and continuous
variables were presented by mean and standard deviation (SD) or Median (Range) as appropriate. T-test for normally
distributed variables or Mann Whitney for non normal were used to compare the value of continuous variables between
study groups. Fisher’s exact test was used to compare the value of categorical variables between study groups.

The impact of age of menarche, menopause, age of menopause and parity on DFS and OS were assessed. Overall-
survival (OS) and DFS were assessed by Kaplan-Meier survival analysis, with the log-rank test. For significant differ-
ences in outcomes in univariate analyses, multivariate analysis for age, tumor size, nodal status, grade and Oncotype RS
were assessed by the Cox proportional hazards model. Two-sided p-values less than 0.05 were considered statistically
significant.

3 Results

We identified 705 patients with early breast cancer whose tumor were sent to Oncotype DX analysis at our institution
from 2005 to 2012. 85 patients were excluded, remaining 620 women who were included in the study cohort.

Median age was 61 years (range 34-85 years), 75% (464) women were postmenopausal, most of them 86% meno-
paused before the age of 55 and 14% had menopause before the age of 45. Median age of menarche was 13 years and
in 86% age of menarche was 12 and above. Median number of deliveries was 3 (range 0-14), 6% were multiparous and
10% were nullipara. Invasive ductal carcinoma (IDC) was the most common histology (81%), followed by invasive lobu-
lar carcinoma (ILC) (12%). Women were most likely to present with tumor size <2 cm (77%) and node negative disease
(82%). Grade was well, moderately and poorly differentiated in 17%, 66% and 17% of tumors, respectively with strong ER
intensity in 76% of women and negative PR in 14% of women. Ki67 was 20% or lower in 78% of tumors. Oncotype DX RS
was 25 or lower in 82%. Perineural and angiolymphatic invasion were uncommon presenting in 9% and 6% of tumors,
respectively. Overall, 77% of women with high genomic risk (RS > 25) were treated with adjuvant chemotherapy. 97.7%
women were treated with adjuvant endocrine therapy. The initial endocrine therapy was tamoxifen for 87% and aro-
matase inhibitors for 10.7%. The administration of aromatase inhibitors was more common in postmenopausal women
compared to pre-menopausal women (12.5% vs. 3.2%). In the other evaluated subgroups, the distribution of the initial
endocrine therapy was similar, see Supplementary Table 1.

Histo-pathological characteristics by the pre-specified subgroups are presented in Table 1. Post-menopausal women
were more likely to have stronger ER intensity (79% vs. 65%, p=0.002), but PR negativity was significantly more frequent
(16% vs. 7%, p=0.009). Early age of menarche was associated with PR positivity (94% vs. 85%, p=0.039). No other asso-
ciations were found between endogenous estrogen exposures and tumor characteristics.
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Table 2 DFS and OS and by estrogen exposure

Estimated 10 year OS (95% Cl)  OS—HR, 95% Cl, p value  Estimated DFS—HR, 95% Cl, p value

10 year DFS

(95% Cl)
All 90.2% (87.4-92.4%) 85.7% (82.6—

88.3%)

Menarche 90.7% 1.11 (0.48-2.56) 87.4% 0.92 (0.44-1.88)
Age<12(n=69) P=0.815 P=0.809
Menarche 90.5% 85.4%
Age=>12 (n=448)
Nulliparity—yes (n=62) 89.6% 0.89 (0.39-2.04) 86.5% 1.09 (0.53-2.22)
Nulliparity—no (n=543) 89.9% P=079 84.7% P=0.818
Multiparity’>—yes (n=36) 84.9% 1.74 (0.72-4.23) 73.9% 2.16 (1.10-4.25)
Multiparity—no (n=569) 90.2% P=022 85.6% P=0.026
Age of first delivery <30 (n=284)  90.7% 1.18(0.43-3.28) 86.0% 1.07 (0.49-2.37)
Age of first delivery>30 (n=58)  92.7% P=0.748 87.9% P=0.86
Menopause—yes (n=464) 88.5% 2.62 (1.08-6.38) 83.8% 1.69 (0.92-3.09)
Menopause—no (n=131) 95.8% P=0.034 90.1% P=0.09
Early menopause®—yes (n=65) 78.6% 2.60 (1.36-4.95) 71.3% 2.26 (1.30-3.93)
Early menopause—no (n=353) 90.4% P=0.004 86.1% P=0.004
Late menopause®—yes (n=17) 94.1% 0.80 (0.15-4.15) 82.4% 1.48 (0.50-4.38)
Late menopause®—no (n=401) 88.4% P=079 83.9% P=0478

Data on outcomes were not available: age of menarche—n =103, number of deliveries—n =15, age of first delivery—n =278, menopause—
n=25, age of menopause—n =202
Cl confidence interval, DFS disease free survival, HR hazard ratio, OS overall survival

#Definitions: multiparity—five or more childbirths, early menopause—menopause before the age of 45, late menopause- menopause older
the age of 55

The median duration of follow-up was 10.4 years. The results of DFS are presented in Table 2 and Fig. 1. Estimated 10-year
DFS was significantly worse for women with early menopause (71.3% vs. 86.3%), HR=2.26, 95% Cl 1.30-3.93, p=0.004) and
for multiparity (73.9% vs. 85.6%), HR=2.16, 95% 1.10-4.25, p =0.026. On multivariate analysis worse DFS remained to be sig-
nificantly worse for women with early menopause and multiparous women (p=0.004 and 0.01, respectively) together with
oncotype RS (p<0.001), see Table 3. Compared to premenopausal women, postmenopausal women had worse 10-year DFS
that approached significance (83.8% vs. 90.1%, HR=1.69, 95% 0.92-3.09, p=0.09). This difference did not remain significant
on multivariate analysis (p=0.289). DFS was comparable in the other evaluated subgroups.

The results of OS are presented in Table 2 and Fig. 2. Women with early menopause had worse 10-year OS compared to
women with menopause at later age (78.6% vs. 90.4%,), HR=2.60, 95% Cl 1.36-4.95, p=0.004. In multivariate analysis the
association between worse OS and early menopause remained significant (p=0.011), together with older age (p=0.011)
and higher oncotype RS (p=0.005). Compared to premenopausal women estimated 10-year overall survival was signifi-
cantly worse in post-menopausal women (88.5% vs. 95.8%), HR=2.62, 95% Cl 1.08-6.38, p=0.034. In multivariate analyses
the menopausal status did not remain associated with worse OS (p=0.553), Oncotype RS was the only variable that was
associated with worse OS (p <0.001), and the impact of older age on worse OS approached significance (p=0.063). Results
of the multivariate analyses are shown in Table 3. OS was comparable in the other evaluated subgroups. Of note, administra-
tion of chemotherapy for women in high genomic risk was significantly lower in post-menopausal women comparted to
pre-menopausal women (70% vs. 96%, p=0.006), but for early menopause and multipara women, rates of chemotherapy
administration were comparable to their control.
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Fig. 1 Disease free survival probabilities in a menopausal women, b early menopause (menopause before the age of 45), ¢ late menopause
(menopause older the age of 55), d early age at menarche (menarch before the age of 12), e nullipara, f number of deliveries (0-4 vs. 5 and
more), g age at first live birth (30 years and older vs. <30 years)
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Fig.1 (continued)

Table 3 Multivariate analysis for OS and DFS

Multivariate analysis OS Multivariate analysis DFS

Menopausal status P value Early menopause P value Menopausal status P value Early menopause P value

HR (95% Cl) HR (95% Cl) HR (95% Cl) HR (95% Cl)
Menopause
Yes vs. no 1.42 (0.45-4.48 0.553 - - 1.57 (0.68-3.65) 0.289 - -
Early menopause®
Yes vs. no - - 2.54(1.24-5.19)  0.011 - - 246 (1.34-4.52)  0.004
Age 1.04 (1.00-1.08) 0.063  1.05(1.00-1.10)  0.045 1.00(0.97-1.04) 0.809 1.01(0.97-1.05)  0.551
Tumor size

T>2vs.T<2cm 1.47 (0.76-2.86) 0.25 1.64 (0.78-3.42) 0.19 1.25(0.71-2.20) 0.441 1.27 (0.66-2.44) 0.484
Nodal status®

Positive vs. negative 1.55(0.76-3.17) 0.233 1.13 (0.48-2.66) 0.776 1.33(0.72-2.47) 0.366 1.27 (0.62-2.60 0.52
Grade

Grade 2 vs. 1 1.45 (0.50-4.18) 0493 1.09(0.37-3.23) 0.872  1.22(0.57-2.63) 0.609 1.01(0.44-2.30) 0.99

Grade 3 vs. 1 1.04 (0.30-3.62) 0.946 0.83(0.22-3.09) 0.781  0.88(0.34-2.26) 0791 0.89(0.32-2.48) 0.825
Oncotype

RS>25vs.RS<25 3.24(1.70-6.18) <0.001 2.85(1.37-5.96) 0.005 3.12(1.83-5.31) <0.001 3.05(1.64-5.67) <0.001
Multiparity?

Yes vs. no - - - - 2.67 (1.20-5.99) 0.017 3.17(1.31-7.66)  0.01

Cl confidence interval, DFS disease free survival, HR hazard ratio, OS overall survival, RS recurrence score
#Definitions: early menopause—menopause before the age of 45, multiparity—five or more childbirths
PNode positive—include both micrometastases and macrometastases

4 Discussion

Lifetime exposure to estrogen that is related to reproductive factors including early menarche, late menopause and
parity have a well-established impact on breast cancer risk [2]. While the increased risk is more prominent for ER posi-
tive disease rather than ER negative disease, few studies address the effect of reproductive factors on other tumor
characteristics and outcomes. Here, we investigated the influence of endogenous estrogen exposure on early-stage
luminal breast cancer characteristics including also the impact on genomic risk. Overall, the impact of the evalu-
ated endogenous exposures on breast cancer characteristics was relatively limited. Menopause was associated with
stronger ER intensity, but with PR negativity. Women with early menarche were more likely to have PR positive disease.
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Fig.2 Overall survival probabilities in @ menopausal women, b early menopause (menopause before the age of 45), ¢ late menopause
(menopause older the age of 55), d early age at menarche (menarche before the age of 12), e nullipara f number of deliveries (04 vs. 5 and
more), g age at first live birth (30 years and older vs. <30 years)

Oncotype RS, a well validated prognostic and predictive factor that is not a subject for inter-laboratory heterogeneity
[19], was comparable in all of the evaluated subgroups. No other associations between parity, age of first delivery
and age of menopause with tumor characteristics were identified.
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Fig.2 (continued)

Data suggest possible differential effect of reproductive risk factors and obesity according to breast cancer subtype,
with parity, age at menarche, age at first birth, breastfeeding and obesity demonstrating stronger associations with
luminal subtype compared to other subtypes [17, 20], however data on the effect of these factors of the intensity of ER
and PR staining are scarce. In our analysis an association between early menarche and PR positivity was identified. This
is in line with other studies showing a higher concordance of ER/PR positive breast cancer in women with early age of
menarche [20, 23, 24].

In this study, we reported on the influence of endogenous estrogen exposures on outcome with a follow-up duration
of more than 10 years. Interestingly, despite comparable tumor characteristics, early menopause and multiparity were
each independently associated with worse outcomes, and these differences remained significant in multivariate analysis.
Postmenopausal women also had worse OS compared to premenopausal women, but this difference did not remain
significant in multivariate analysis and can probably be attributed to non-breast cancer mortality in older population.

Our finding of adverse outcomes of women who menopaused before the age of 45 is meaningful and might have
important implication of treatment decisions. Menopause gives rise to cardiovascular morbidity and metabolic syn-
drome [25, 26]. Earlier age of menopause enhances the risk for cardiovascular morbidity and mortality [27-29]. Given
the excellent prognosis of women with luminal early breast cancer, the most common cause of death in this population
is cardiovascular disease [30, 31]. Adjuvant treatment for breast cancer might increase cardiovascular morbidity. Anthra-
cycline based adjuvant chemotherapy that are often recommended to women with high genomic risk or to women with
high clinical risk [18, 32], might cause cardiotoxicity. Adjuvant treatment with aromatase inhibitors, which are consider
the standard of care in all postmenopausal women [33] and can often be considered for higher risk premenopausal in
combination with ovarian function suppression [34], have increased odds for cardiovascular morbidity compared to both
tamoxifen or placebo [35, 36]. Adjuvant radiation that is given to the vast majority of women after breast conserving
surgery, is also associated with cardiovascular toxicity when treating left sided disease [37]. Tailoring treatment deci-
sions based on the individual risk of breast cancer recurrence and on other comorbidities including risk of cardiovascular
disease are required. Modifications to reduce treatment related cardiovascular toxicity, such as anthracyclines sparing
chemotherapy [38], shorter treatment with Als [35] and omission of radiation or partial breast irradiation [39, 40] should
be considered. Our findings demonstrated that age of menopause might also be an important factor when weighing
the risk and benefit balance of treatment options.

Multiparity was also associated with worse DFS. This finding is significant and is in line with previous publications [41,
42], however due to the low number of multiparous women, the conclusions that can be drawn are limited. Multiparity
might be associated with low socioeconomic status [43, 44], and hence lower adherence to treatment and higher risk of
comorbidities [45]. Multiparty is also an independent predictor for obesity [46, 47], which may also explain worse out-
come after breast cancer diagnosis, both due inferior specific breast cancer survival [48] and non-breast cancer mortality
[49]. These hypotheses might partially explain our finding, however, our data on weight and socioeconomic status were
insufficient. Larger scales studies are needed to elucidate the effect on multiparity on breast cancer outcome.

We acknowledge the limitations of a single-center retrospective cohort with inherent biases. The histopathological
variables were not re-evaluated for the study by central pathology. While data on adjuvant chemotherapy and on the
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initial adjuvant endocrine were collected, data on the duration of therapy, subsequent endocrine therapy (i.e., switch
from tamoxifen to aromatase inhibitors) and the addition of ovarian function suppression for premenopausal were not
available. Additionally, data on body mass index, an important variable that may affect breast cancer incidence and fea-
tures [50], were incomplete and therefore were not addressed in this study. On the other hand, considering the scarcity
of data on the effect of endogenous estrogen on breast cancer characteristics our cohort represents a large number of
patients with long duration of follow up. The effect on all known prognostic pathological characteristics were meticu-
lously collected and the assessment of endogenous estrogen impact on Oncotype DX score is novel.

In conclusion, our results suggest little impact of endogenous estrogen exposure on breast cancer characteristics
of early stage, luminal disease. Early menopause and multiparity were associated with worse outcome. These findings
might be related to other comorbidities or direct influence on breast cancer pathogenesis. Given the impact of early
menopause and multiparty on outcome, these variables should be taken into consideration in treatment decisions on
early-stage luminal breast cancer.
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