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ABSTRACT 
 

Parity is associated with a short-term increase in breast cancer (BC) risk followed by 

a long-term decrease in risk. BC diagnosed 5-7 years after a completed pregnancy is 

associated with worse outcomes. BC is not a single disease. The dual effect of pregnancy 

could account for the BC characteristics at presentation (i.e. younger age and more 

advanced disease) and worse outcomes observed among Hispanics, relative to Non-

Hispanic Whites. The purpose of this study was to investigate the association of 

reproductive characteristics by tumor subtype in a case series of women of Mexican-

descent. Cases diagnosed ≤10 years following a birth had nearly 3 times the odds of a 

diagnosis with HER2+ tumors, relative to ER+/PR+ tumors. HER2+ tumors are 

associated with reduced survival compared to ER+/PR+ tumors. Diagnosis within a 

recent pregnancy may contribute to the aggressiveness of BC observed among women of 

Mexican descent ≤50 years of age. 
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INTRODUCTION 
 

Breast cancer incidence and mortality among Mexican women 
 

Hispanics in the United States (U.S.) have lower incidence and mortality rates of 

breast cancer compared to Non-Hispanic White (NHW) women, 123.5 vs. 90.2 and 23.9 

vs. 15.5 per 100,000 respectively [1]. According to Surveillance Epidemiology and End 

Results (SEER) data, Hispanics are on average diagnosed six years younger compared to 

NHWs (56 vs. 62 years) [2]. The proportion of women diagnosed under the age of 50 is 

38.1% for Hispanics in contrast to 22.5% among NHWs [2]. Age-specific breast cancer 

incidence rates for Hispanics <50 years are 42.0, 84.0, and 125.9 per 100,000 for age 

groups 35-39, 40-44, 45-49, respectively; corresponding rates for NHWs are 65.2, 131.0, 

and 205.8 per 100,000 (SEER 17, 2000-2008). Hispanic ethnicity encompasses many 

nationalities of origin and diverse groups with differing risk factors.  According to the 

U.S. Census, the majority (64%) of Hispanics are of Mexican origin. Based on SEER 

data, Hispanics of Mexican origin have 2.7 the odds of being diagnosed at Stage III 

relative to NHWs in estimates adjusted for age at diagnosis, year of diagnosis and SEER 

registry[2].  

Data from Mexico corroborate observations in the United States. Despite lower rates 

relative to the U.S. and Western Europe, breast cancer has become a major public health 

concern in Mexico [3]. The mean age at breast cancer diagnosis in Mexico is 50.1 years 

of age and 45.5% of cases diagnosed are under the age of 50 [4]. In 2006, breast cancer 

became the second leading cause of mortality for women aged 34-54 [5]. Furthermore, 
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breast cancer mortality disproportionately affects younger women, with 60% of all deaths 

occurring in women 30-59 [5]. It is estimated that diagnosis at more advanced stages 

ranges between 35-50% of all cases [4]. The disproportionate effect on young women 

requires further investigation into the causes and treatment of breast cancer among 

Mexican women. 

 

Breast cancer risk factors 
 

Consistently across populations, reproductive characteristics are among the best-

established risk factors for breast cancer, possibly due to their impact on hormonal 

mechanisms. Higher parity, early age at first pregnancy, and breastfeeding are associated 

with decreased risk of breast cancer [6-9], while younger age at menarche and late age at 

menopause are associated with an increase in breast cancer risk [10]. According to these 

findings, lower incidence of breast cancer among Mexican women might partially be 

attributed to a favorable reproductive profile. The Multiethnic Cohort (MEC) found that 

in U.S.-born postmenopausal Hispanics, 95% of the observed reduction in breast cancer 

risk relative to NHW women, was explained by the “known” risk factors – i.e. 

reproductive factors, exogenous hormone use and alcohol intake [11]. In a comparison of 

Hispanic and NHW women from the Southwestern United States, Hispanic women had a 

risk factor profile associated with reduced risk of breast cancer [12].  

An intriguing additional epidemiologic finding related to pregnancy is its “dual” 

effect on the risk of breast cancer. Consistent evidence suggests that pregnancy increases 

the risk of breast cancer in the short-term and confers protection in the long-term [6, 13-
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18]. Rosner and Colditz have modified Pike’s breast tissue age model and have adapted it 

to include multiparity [19]. The adapted model of the cumulative incidence of breast 

cancer shows an overall protective effect of pregnancy compared to no pregnancy, 

preceded by an increase in risk following the first pregnancy [19]. A review of findings 

pertaining to the dual effect of pregnancy as it relates to time since last birth is presented 

in the following section. 

 

Time since pregnancy and risk of breast cancer 
 

A. Methodological challenges 

 
Methodological challenges confront the study of the effect of time since last 

pregnancy on breast cancer risk. One question pertains to the association between age, 

age at last pregnancy, and time since last pregnancy. Breast cancer risk increases with 

age. The probability of breast cancer diagnosis among women of average risk in the U.S. 

is 1/233 between the ages of 30-39, 1/69 between 40-49 and 1/42 for women 50-59 years 

of age [20]. Additionally, studies considering the effect of age at the last pregnancy have 

found evidence of a positive association with breast cancer risk [21, 22]. Time since last 

birth is associated with both age and age at last birth; thus it would seem necessary to 

adjust for both variables. Time since last birth is the interval between the age at the last 

birth and attained age. Discussions on the methodology of estimating the effect of time 

since last birth on breast cancer risk have addressed the potential problem of collinearity 

if all three variables (attained age, age at last birth, and time since last birth) are modeled 
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together [23]. A simulation study assessing bias in regards to this problem concluded that 

inclusion of time since last pregnancy and age at last pregnancy, resulted in less biased 

estimates compared to separate age-adjusted analyses [24]. One common method to 

address this challenge in the literature has been to restrict analyses to women with only 

one birth and compare them to nulliparous women. 

Analyses restricted to uniparous and nulliparous women have been useful to 

investigate if risk is associated with having a pregnancy per se, compared to not having a 

pregnancy at all [13, 15, 16, 25]. This type of analysis has been instrumental in 

establishing the “dual” effect of pregnancy. As a number of authors have pointed out, this 

approach assumes that age has the same effect on risk among nulliparous as it does 

among uniparous women [13, 24, 26]. Analyses of the effect of parity in a multiparous 

scenario would follow similar logic by comparing the risk of women with N pregnancies 

to women with N-1 pregnancies. Consequently, investigators have compared women with 

exactly two pregnancies to women with one pregnancy to assess the effect of increasing 

parity [13, 15, 16]. 

Another challenge pertains to the evaluation of the association with time since last 

birth together with the effect of age at first pregnancy. Age at first birth has consistently 

been associated with the risk of breast cancer [6-9]. Investigators have taken a couple of 

approaches to address this problem. One is to restrict analyses to women with two or 

more births [14, 27-30]. The other approach is to consider an interaction between age and 

age at birth in models restricted to uniparous and nulliparous women, since age at birth is 

equivalent to age at last birth [15, 23]. Although Albrektsen et al. did not find a 
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statistically significant interaction between the two terms, the authors chose to present the 

predicted incidence rate of breast cancer according to time since birth stratified on age at 

first birth to illustrate its effect [23]. Given the complexity related to the analyses of these 

variables, it is important to understand the rationale behind the analytical approach 

utilized in the study of the relationship between time since last pregnancy and breast 

cancer risk, since these attempt to answer slightly different questions.  Table 1 

summarizes the literature on time since last birth and the risk of breast cancer. 
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Table 1 Effect of time since last pregnancy on breast cancer risk 

Reference Study Methods Findings 

Cohort studies   

Albrektsen 
et al., 1995 
[18] 

The short-term and 
long-term effect of a 
pregnancy on breast 
cancer risk: a 
prospective study of 
802,457 parous 
Norwegian women 

Population-based 
cohort study in 
Norway. 802,457 
parous women aged 
20-56, 4,787 
diagnosed with breast 
cancer. Nulliparous 
women included as 
the referent group. 

Highest risk observed between 3-4 
years after birth compared to 20+ 
years (IRR=1.99; 95% CI, 1.70-2.33). 
Stratified analyses by parity show that 
for women with 2 pregnancies peaked 
at 3-4 year and earlier among women 
with higher parity. 

Albrektsen 
et al., 2005 
[23] 

Breast cancer risk by 
age at birth, time since 
birth and time intervals 
between births: 
exploring interaction 
effects 

Population-based 
cohort study in 
Norway. 1,691,555 
women aged 20-74. 
23,890 women of 
parity ≤5 diagnosed 
with breast cancer.  

 
Short-term increase in risk after 
pregnancy followed by long-term 
protection. Strongest risk observed 
after 1st birth, peaking at 6.5 years, 5 
years after 2nd birth and up to 10 years 
after 3rd-4th birth. Maternal age at birth 
and number of births impacted risk.  
Age at birth and birth spacing 
important for the magnitude of the 
effect. An earlier birth did not protect 
against increase in risk in subsequent 
late age pregnancies. A short interval 
between 1st-2nd pregnancy (<1 yr) 
associated with increased risk. 
 

Albrektsen 
et al., 2006 
[31] 

Family history of 
breast cancer and 
short-term effects of 
childbirths on breast 
cancer risk 

Population-based 
cohort study in 
Norway. 1,067,289 
million women aged 
20-74. 7,377 women 
with breast cancer 
and 828 with a 
mother or sister with 
BC.  

 
Family history of BC in mother or 
sister IRR=2.14; 95% CI, 1.99-2.30, 
compared to no family history. Risk 
higher if relative diagnosed at <50 
years. Transient increase observed 
among women with a family history 
of BC <50 even among young age of 
FTP. Risk is prolonged with family 
history, especially if  <50. Decrease in 
risk with increasing parity in all 
groups. 
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Table 1 Effect of time since last pregnancy on breast cancer risk - Continued 

Reference Study Methods Findings 

Palmer et 
al., 
2003[30] 

Dual effect of parity 
on breast cancer risk in 
African-American 
women 

Prospective cohort 
study of AA women: 
56,725 women 
followed for 214,862 
person-years. 349 
breast cancer cases 
reported: 128 among 
<45 years and 221 
45-70 years.  

 
Analysis for time since last birth 
restricted to women with 2+ births. In 
age-adjusted model, 50% increase in 
risk observed <5 and 5-9 years relative 
to ≥15 years. In multivariable adjusted 
models, no increase in risk among 
women <45 and recent childbirth. 
Among women ≥45 a birth within 10 
years vs. 25+ years IRR=2.4 and in 
multivariable adjusted IRR=2.0; 95% 
CI, 0.6-6.3. 

Rosner et 
al., 1994 
[19] 

Reproductive risk 
factors in a prospective 
study of breast cancer: 
the Nurses' Health 
Study 

Cohort of 91,523 
nurses in USA 
followed for 14 years 
with 2,341 incident 
BC cases. 

Greater incidence among parous 
women for 20-30 years after birth vs. 
nulliparous women. Crossover in risk 
for uniparous vs. nulliparous women 
with AFB 20 predicted at age 55 and 
up to age 65 for AFB 35. Predicted 
crossover ~10 years earlier in women 
with 2 births. 

Vatten and 
Kvinnsland, 
1992 [32] 

Pregnancy-related 
factors and risk of 
breast cancer in a 
prospective study of 
29,981 Norwegian 
women 

 
Population-based 
cohort in Norway 
with nested case-
control for time since 
last birth analysis. 
29,981 women. 340 
BC cases and 3,400 
controls. 

A non-significant increase was 
observed in 0-5 years since last birth 
(OR=1.2; 95% CI, 0.9-1.5) vs. 11-15 
years. Model adjusted for parity, AFB. 

Case Control Studies   

Adami et 
al., 1990 
[33] 

Absence of association 
between reproductive 
variables and the risk 
of breast cancer in 
young women in 
Sweden and Norway 

Population-based 
case control study 
from Sweden and 
Norway. 422 cases 
and 527 controls. 
Restricted to women 
<45 years. 

No associations observed with 
reproductive factors including time 
since last pregnancy, in reference to 
nulliparous women. Compared to 
nulliparous women, multivariable 
adjusted RR=0.9; 95% CI, 0.4-2.0 for 
last birth within 1-4 years. 
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Table 1 Effect of time since last pregnancy on breast cancer risk - Continued 

Reference Study Methods Findings 

Bruzzi et 
al., 1988 
[27] 

Short term increase in 
risk of breast cancer 
after full term 
pregnancy 

Hospital-based case 
control in Italy: 573 
cases, 570 controls. 
Analysis restricted to 
women <50 years, 2+ 
FTPs.  

 
Short-term increased risk of BC 
observed after pregnancy among 
women at 3 years after the last birth 
vs. 10+ years (RR=2.66; 95% CI, 
1.31-5.39). Effect stronger for women 
40-49 years old vs. <40. Increased risk 
associated with greater number of 
births but only among women <40. 

Cummings 
et al., 1994 
[34] 

Risk of breast cancer 
in relation to the 
interval since last full 
term pregnancy 

Population-based 
case control study 
from the USA: cases 
2,279, controls 2,357 
that were multiparous 
and aged 25-49. 

Nulliparous and uniparous women 
excluded. NS elevated risk since last 
pregnancy observed in <3 years and 3-
6 years since last pregnancy relative to 
10+ years OR=1.16; 95% CI, 0.84-
1.59 and OR=1.21; 95% CI, 0.95-1.54 
respectively. 

Hsieh et al., 
1994 [16] 

Dual effect of parity 
on breast cancer risk 

Hospital-based 
international case 
control study: 1,688 
cases 4,157 controls 
who were nulliparous 
or uniparous by 5-yr 
categories of age at 
interview. 
 

 
Compared to nulliparous women, 
uniparous women with AFB 30-34 
with birth 0-9 years OR=2.26; 95% 
CI, 1.43-3.56 and OR=1.54; 95% CI, 
0.91-2.61 for AFB 35-39. Risk 
remained elevated in the 6-15 year 
after birth category OR=1.20; 95% CI, 
0.67-2.14 and OR=1.56; 95% CI, 
0.72-3.40 for same AFB categories as 
above.  
 

Kauppila et 
al., 2009 
[35] 

Birth intervals and 
breast cancer risk 

 
Population-based 
case control nested in 
cohort of 29,488 
women with ≥5 births 
in Finland. 628 breast 
cancer cases, 50 
controls per case 
randomly selected 
from cohort.  
 

 
BC RR=2.36; 95% CI, 1.31-4.27 for 
women <3 years since last birth vs. 
15+. For women diagnosed age <50, 
RR=3.27; 95% CI, 1.42-7.51. Short 
interval (<1 yr) between 1st and 2nd 
pregnancy, RR=2.03; 95% CI, 1.08-
3.83 vs. long interval (3+ years). Risk 
of ductal BC with regional or distant 
metastasis greater for women with a 
short vs. long interval, RR=5.29; 95% 
CI, 2.00-14.0. 
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Table 1 Effect of time since last pregnancy on breast cancer risk - Continued 

Reference Study Methods Findings 

Lambe et 
al., 1994 
[15] 

Transient increase in 
the risk of breast 
cancer after giving 
birth 

Population-based 
case control study 
nested in nationwide 
Swedish cohort. 
12,666 cases and 
62,121 age-matched 
controls. Mean age 
44.4 years, range 16-
59. 

Increase in risk following a first 
pregnancy vs. nulliparous women 
observed for up to 15 years. 
Interaction between age and age at 
delivery significant for first but not 
second birth. Increased parity 
attenuated risk following a pregnancy. 
Highest risk in uniparous women ≥35 
years at birth, OR=1.26; 95% CI, 
1.10-1.44 at 5 years post-partum. 
 

Leon et al., 
1995 [14] 

Breast cancer in 
Swedish women 
before age 50: 
evidence of a dual 
effect of completed 
pregnancy 

Population-based 
case control in 
Sweden: 3,439 cases 
and 25,140 age-
matched controls 
under age 50. 
Restricted to women 
with 2+ births. 

A short three-year transient increase in 
risk of breast cancer was observed 
after a completed pregnancy vs. 
women whose last birth was ≥10 
years, OR=1.21; 95% CI, 1.02-1.44. 
The effect of FTP is partly due to time 
since last pregnancy. Risk declines 
with increasing parity. For women 
≥35 AFB, OR=1.72; 95% CI, 1.14-
2.58 and OR=1.36; 95% CI, 0.88-2.09 
for women with AFB <20 years. 

Liu et al., 
2002 [13] 

Transient increase in 
the risk of breast 
cancer after giving 
birth: postpartum 
period with the highest 
risk (Sweden) 

 
Population-based 
case control study 
nested within the 
Swedish fertility 
registry. Total of 
34,018 cases and 
170,001 controls. 
Analysis made 
comparing uniparous 
vs. nulliparous and 
biparous to uniparous 
women. 

 
Comparing uniparous vs. nulliparous 
women, post-partum risk peaked at 5 -
7 years. Greatest risk at 5 years after 
delivery, OR=1.49, 95% CI, 1.01-2.20 
and gradually declined afterwards. NS 
increase in risk up to 15 years. 
Comparing biparous to uniparous 
women, risk peaked at 3 years after 
birth, OR=1.22; 95% CI, 0.87-1.72. 
NS interaction between time since 
birth and age at first or second birth. 

Negri et al., 
1990 [29] 

Age at first and second 
births and breast 
cancer risk in biparous 
women 

Pooled hospital-based 
case control studies 
in Italy: 1,200 cases 
and 987 controls 
restricted to biparous 
women. 

Among women <50 years, increased 
risk observed if <5 years since last 
pregnancy relative to 10+ years: <3 vs 
10+, OR=1.4; 95% CI, 0.6-3.7 and 3-5 
vs. 10+, OR=2.5; 95% CI, 1.6-3.9.  
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Table 1 Effect of time since last pregnancy on breast cancer risk - Continued 

Reference Study Methods Findings 

Peterson et 
al., 2008 
[36] 

Childbearing recency 
and modifiers of 
premenopausal breast 
cancer risk 

 
 
Population-based 
case control study 
from the USA: 1,706 
cases 1,756 controls 
restricted to 
premenopausal 
women, <50 years. 

Relative to nulliparous women, cases 
had an increased OR=1.35; 95% CI, 
0.90-2.02 if they had a birth in ≤5 
years. Neither breastfeeding duration 
after the last pregnancy or % weight 
change during pregnancy modified the 
association. 

Robertson et 
al., 1997 
[25] 

Effect of parity and 
age at delivery on 
breast cancer risk in 
Slovenian women aged 
25-54 years 

Population-based 
case control study 
from Slovenia: 624 
cases and 624 
controls aged 25-54. 

 
Increase in risk of BC among 
uniparous women compared to 
nulliparous women in 0-10 years after 
delivery. Women with AFB 25-29, 
OR=1.56; 95% CI, 0.45-5.35. Women 
with AFB 30-41, OR=1.39; 95% CI, 
0.46-4.20. Risk seen 11-20 years after 
delivery among women with AFB 30-
41, OR=1.51; 95% CI, 0.70-3.25. 

 
Sweeney et 
al., 2008 
[37] 

 
Reproductive history 
in relation to breast 
cancer risk among 
Hispanic and non-
Hispanic white women 

 
Population-based 
case control study in 
SW USA: 796 
Hispanic cases, 919 
controls; 1,525 NHW 
cases and 1,596 
controls. 

 
Parous Hispanics with ≤5 years vs. 
16-25 years since last birth, OR= 2.62; 
95% CI, 1.44-4.78. NHW OR=1.07; 
95% CI, 0.65-1.75. Elevated risk 
among Hispanics also observed 6-15 
years but not NHW women, Hispanics 
OR=1.31; 95% CI, 0.93-1.85.  

Williams et 
al., 1990 
[28] 

Short term increase in 
risk of breast cancer 
associated with full 
term pregnancy 

Hospital-based case 
control:  422 cases 
and 422 controls aged 
<50 with 2+ births. 

 
Significant increase in risk observed 
in women with a diagnosis <3 years 
since their last pregnancy vs. ≥10, 
OR= 2.92; 95% CI, 1.32-6.49. NS 
increase in women 3-6 years, 
OR=1.44; 95% CI, 0.80-2.61. Similar 
pattern in women <40 and 40-49 
years; effect stronger for women 40-
49 years. 

 
Abbreviations: IRR= incidence rate ratio; OR= odds ratio; RR= risk ratio; BC= breast cancer; FTP= full-
term pregnancy; AFB= age at first birth; NS= non-significant; NHW= Non Hispanic White.
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B. Estimated magnitude of increased risk of breast cancer according to the length 
of time elapsed since the last birth 

The magnitude of the increase in breast cancer risk associated with a recent birth 

depends on a number of factors and this ranges from ~20%-250%. Results of four 

hospital-based case control studies show higher risk estimates compared to population-

based case control or cohort studies. Three of the four hospital-based studies restricted 

their study to women with two or more pregnancies [27-29] and the fourth [16], only 

included nulliparous and uniparous women. The earliest study, by Bruzzi et al., compared 

women <50 years of age with two or more pregnancies in a hospital-based case control 

study from Italy. Cases had a 2.66 increase in the odds of having a diagnosis within 3 

years of pregnancy compared to ≥10 years.[27] Similar estimates were reported in 

another Italian study as well as a British study. [28, 29] In contrast, population-based case 

control studies reported much lower risk. Leon et al. reported a 20% increase in risk in 

the 3 years after a completed pregnancy [14]. The analysis was limited to women with 

two or more births, similar to Bruzzi’s. Age at first birth modified the effect of time since 

last birth, with an increase in risk of breast cancer observed among women with a late age 

at first birth (≥35 years). 

In studies that compared uniparous women to nulliparous women, the magnitude of 

the effect of time since birth on breast cancer risk varied depending on study type, time 

since birth categorization, choice of time period used for comparison, restriction in 

attained age of participants and adjustment for covariates such as age at first birth. A 

hospital-based case control study by Hsieh et al., reported an increase in risk in women 
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with a late age at first pregnancy in the period of 0-9 years after birth compared to 

nulliparous women, (OR= 2.26; 95% CI, 1.43-3.56) [16]. Population-based case control 

studies reported lower risks. Similar to Hsieh, Lambe et al. found that risk was highest 5 

years after pregnancy among women with a late-age birth (OR=1.26; 95% CI, 1.10-1.44) 

[15]. A large Scandinavian study found that risk peaked 5-7 years post-partum, with the 

highest risk observed at 5 years after birth (OR=1.49; 95% CI, 1.01-2.20) [13]. A similar 

short-term increase in breast cancer risk was observed comparing women with one birth 

to women with two births but the magnitude of the increase in risk was lower [13]. 

Findings based on uniparous and nulliparous women were relatively consistent with a 

Norwegian study of 802,457 parous women that included 4,787 breast cancer cases. 

Albrektsen’s 1995 study found that risk was highest at 3-4 years post-partum relative to 

women who had a birth 7-9 years before, IRR=1.33; 95% CI, 0.95-1.88 [18]. In a case 

control study of Hispanic and NHW women, Hispanic women with a recent birth had 

over twice the odds of a breast cancer diagnosis compared to women with a more distant 

birth (≤5 years vs. 16-25 years OR= 2.62; 95% CI, 1.44-4.78) [37]. Analyses were 

adjusted for a number of factors including age, family history and number of births. 

Interestingly, no association between breast cancer and time since birth was found among 

NHW women. Five other studies reported no effect of time since pregnancy on breast 

cancer risk [25, 30, 33, 34, 36]. It is possible that some of these studies were too small to 

detect a relatively small increase in risk of a rare disease. 

To investigate the effect of time since birth in women of the same parity, Albrektsen 

et al. stratified women by number of births and found that women with 2 pregnancies had 
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a similar peak in risk to women with one pregnancy at approximately 3-4 years post-

partum. For women with 4 births, the year immediately after birth had the highest risk 

relative to women with a birth 7-9 years prior, (IRR=1.35; 95% CI, 0.81-2.25) [18]. In a 

study published 10 years later, the same investigators assessed the interaction between 

age at birth, time since birth, and birth intervals among 1.7 million women with ≤5 births 

and 23,890 cases. Risk was highest after the first pregnancy and peaked at 6.5 years post-

partum but 4th and 5th births could impart a delay in risk that could be observed up to 10 

years after birth [23]. Albrektsen and colleagues found that the duration of risk depended 

on the mother’s age at birth and birth spacing. Women with any birth after the age of 30 

had an increased risk relative to nulliparous women, and the increase remained for 10-30 

years depending on age at first delivery [23]. Regardless of an early age at first birth, if 

the first two births were within a year, risk in the short term increased with a longer 

overall duration, compared to women with births ≥3 years apart [23].  

 

C. Estimated duration of increased breast cancer risk after a recent birth 

One of the most pertinent questions related to the increase in risk of breast cancer 

associated with a recent birth is the duration of this period of increased risk. Estimates of 

duration vary depending on other reproductive characteristics and range from 3 to 30 

years [13, 19, 23, 27]. A detailed assessment of risk duration is found in the study of 

200,000 Swedish women by Liu et al. Time since last birth was modeled as a categorical 

variable in one-year increments. Estimates in risk were calculated for each year since last 
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pregnancy. Although risk peaked at 5-7 years after the first pregnancy relative to 

nulliparous women, a modest increase in risk lasted for about 15 years [13].  

Rosner and Colditz used data from the Nurses’ Health Study (NHS) to generate a 

model to predict lifetime breast cancer risk. Specific estimates based on the model 

predicted that risk of breast cancer for women with one birth exceed that of nulliparous 

women for 20-30 years, depending on the age at birth [19]. Consistent with other 

estimates for women with exactly two pregnancies [13], the predicted duration of excess 

risk relative to nulliparous women was reduced by approximately 10 years [19]. 

Consistent with these estimates, the 4-Corners Breast Cancer Study found that excess risk 

among parous women, relative to nulliparous women, lasted for up to 25 years after the 

last birth among Hispanic women [37]. 

 

D. Association between time since last birth and the risk of breast cancer among 
women with more than one birth 

An increasing number of births is associated with additional reduction of risk of 

breast cancer, relative to a single birth [6, 8, 9]. Studies that have assessed the effect of 

increased parity on the transient risk of breast cancer have found a shorter-lasting period 

of increased risk of lower magnitude among women with two or three births, compared to 

one [13, 23]. The transient increase in breast cancer risk appears to be most pronounced 

after the first birth [13]. However, although multiparity is protective of breast cancer, 

among women who develop the disease, the effect of time since birth appears to be 

strengthened. One study from Finland of grand multiparas (GM), defined as women with 
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5 or more births, reported a higher increase in risk than that observed in studies restricting 

analyses to women with 5 or fewer births. In the GM group, women <50 with a recent 

birth (<3 years vs. ≥15 years) had over a three-fold increase in risk, RR 3.27 (95% CI 

1.42-7.51) [35]. These results provide evidence for the transient increase in risk in the 

period following a pregnancy, independent of multiparity.  

E. Family history of breast cancer 
 

Family history is one of the strongest risk factors for early onset breast cancer. 

BRCA1 mutation carriers have a RR of 33; 95% CI, 23-49 of developing breast cancer in 

their 30’s compared to the general population [38]. In a study of the effects of pregnancy 

on BRCA1 and BRCA2 carriers, increasing parity (4 vs. none) increased the risk of 

BRCA2 by 47% but was protective for BRCA1 breast cancers (OR 0.62, 95% CI 0.41-

0.94) [39]. Women under 50 years of age with a BRCA2 mutation and a recent 

pregnancy (<2 years vs. nulliparous) had a 70% increase in the odds of developing breast 

cancer, with elevated but attenuated risk among women with 6+ years after pregnancy 

[39].  

A study from the 1.7 million women Norwegian cohort, found that among the 11% of 

breast cancer cases with a mother and/or sister with breast cancer diagnosed under the 

age of 50, risk was nearly 3 times that of women with no family history (IRR=2.88; 95% 

CI, 2.54-3.27) [31]. Among women with a family history, nulliparous women had the 

highest incidence rate compared to women who had given birth (IRR= 3.42; 95% CI, 

2.56-4.56). Parity and an increasing number of births was associated with a reduction of 

breast cancer risk among women with a familial predisposition, similar to women without 
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one [31]. Early age at first birth was not associated with a reduction of breast cancer risk 

among women with a family history of breast cancer. The deleterious effect of a 

pregnancy at a late-age among women with more than one birth was only evident among 

women with a family history [31]. 

F. Breast cancer outcomes among women with a recent birth prior to diagnosis 

Perhaps of greater importance is the observation that a diagnosis of breast cancer 

relatively close to a pregnancy results in decreased chance of survival [40-43]. Tumors 

diagnosed close to pregnancy are more aggressive and tend to present at more advanced 

stages [43, 44]. In the clinic, tumor characteristics are assessed using a number of tumor 

markers that help to determine treatment and prognosis. The status of the ER, 

progesterone receptor (PR), and Human Epidermal growth factor Receptor 2 (HER2) 

along with nuclear grade of tumor cells are commonly used to characterize breast tumors.  

A number of reports have found that tumors diagnosed 2 years after a completed 

pregnancy are more likely to have tumor characteristics associated with poor prognosis, 

such ER and PR-negativity, poor differentiation, and higher grade [43, 45, 46].  

Histological differences have also been reported according to time since birth [47]. In 

one study, poorly differentiated tumors accounted for 60% of tumors diagnosed within 2 

years of a pregnancy [47]. This proportion declined with increasing time since last birth. 

Furthermore, in one of the studies conducted in women with ≥5 births in Finland, higher 

parity was associated with increased risk of ductal tumors with regional or distant 

metastasis in women <50, especially if diagnosed in <3 years after their last pregnancy as 

compared to 15+ years (RR= 4.00; 95% CI, 1.19-13.4) [35].   
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Two modifiers of the effect of time since last pregnancy on risk, parity and age at first 

birth, also appeared to negatively impact survival in the opposite direction of breast 

cancer risk. An early age at first birth of <20 years and higher parity (3+ vs. none) are 

associated with a greater chance of metastatic disease OR= 3.0; 95% CI, 1.2-7.4 and OR= 

3.1; 95% CI, 1.3-7.7, respectively [48]. The effect associated with higher parity is 

consistent with findings from two Scandinavian studies [35, 41]. 

Models of survival in relation to time since last pregnancy have adjusted for some, 

but not all, of a number of factors associated with survival (e.g. age at first birth, ER 

and/or PR status and nuclear grade). In multivariable adjusted models including 

American Joint Committee on Cancer (AJCC) Stage (a measure of advanced disease), 

prognostic tumor markers and treatment, the mortality hazard ratio (HR) remained 

elevated according to time since birth: HR=2.7; 95% CI, 1.6-4.3, HR=2.2; 95% CI, 1.3-

3.6, and HR=1.5; 95% CI, 1.0-2.3 for <2 years, 2-<5 years, and 5+ years, respectively 

[43]. The duration of the relative survival disadvantage has been estimated to last for up 

to eight years following a pregnancy [41]. The observed disadvantage in survival was 

only evident in the immediate 5-year period after diagnosis [41]. 

 

Sub-classification of breast cancer into tumor subtypes 
 

Tumor markers routinely used in the clinic for treatment decisions and prognosis (i.e. 

ER, PR and HER2 status), align with the molecular sub-classification of breast tumors 

[49]. In 2000, Perou and colleagues defined four “intrinsic subtypes” of breast tumors 

based on gene-expression analysis: 1) Luminal/ER+ 2) Basal-like, 3) HER2-
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overexpressing, and 4) normal-like [50]. The first major division identified by 

hierarchical clustering analysis correlates with ER status. Within the branch that is ER-, 

or a low-expressor of ER, are further subdivisions that include the remaining three 

subtypes. In another analysis a year later, the same authors identified a further sub-

classification of the ER+/luminal branch into “Luminal A”, “Luminal B”, and possibly a 

third group “Luminal C” [51]. The concept of breast tumor subtypes remains a work in 

progress as investigators work to reveal relevant sub-classification of disease [52]. 

 

A. Epidemiology 
 

The genetic profiling of breast tumors provides evidence for the hypothesis that breast 

cancer is not a single disease, but multiple diseases with probably distinct etiologies. 

With evidence to support the molecular heterogeneity of breast cancer, it is imperative to 

deconstruct previously identified risk factors according to tumor subtype. Through 

reassessment, we may gain insight into mechanisms of action that may hold potential for 

prevention and therapeutic targets. In addition, stratifying on tumor subtype may lead to 

more precise estimates of risk.  

Before genetic profiling of breast tumors was available, stratification on ER and/or 

PR status was done to assess traditional risk factors. Findings from systematic reviews 

provide evidence for the hypothesis that not all breast cancers are affected by the same 

risk factors. For example, a recent pooled analysis of 35,568 breast cancer cases 

concluded that the association between reproductive factors differs by ER status [53]. 

Increasing parity and early age at first birth were inversely associated with ER+ but not 
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ER- breast tumors [53-55]. The breast cancer association with breastfeeding is not 

entirely clear and appears to be generally protective for all subtypes [55]. Ursin et al. 

assessed time since last pregnancy and risk of tumor type defined by joint ER and PR 

status and found no association with any permutation of the two markers [56]. 

The addition of HER2 into the combination of tumor markers allows for classification 

according to tumor subtypes correlated with the intrinsic subtypes defined by molecular 

profiling. Additional markers such as cytokeratin 5/6 (CK 5/6) or HER1 are necessary to 

differentiate basal-like tumors from non basal-like tumors that are also negative for ER, 

PR, and HER2 [57]. Basal-like and non basal-like tumors exhibit different characteristics 

and considering all triple-negative tumors as a single group could result in biased 

associations. However, since approximately 55-85% of basal-like tumors are “triple 

negative” (TN) for ER, PR, and HER2, the TN subtype has been used as a surrogate for 

basal-like tumors [58]. The approach has been criticized but remains in the literature due 

to limited information on tumor markers needed to make a more precise classification 

[59]. 

Studies on the association of breast cancer risk factors and tumor subtypes have 

provided additional evidence (to that of molecular profiling) that supports the hypothesis 

of breast tumor heterogeneity. Differences in the association between tumor subtypes and 

age at diagnosis, race/ethnicity, stage at diagnosis and survival have been reported by a 

number of studies [60-62]. In terms of prevalence, the Luminal subtypes (ER+ and/or 

PR+) are the most common (~60%), followed by HER2+ tumors (20-30%) and the least 

common are TN tumors [60, 62].  Although the relative distribution of subtypes is similar 
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across different races and/or ethnicities, there is variation in the frequency of each 

subtype. For example, multiple studies report that African American (AA) women are 

more frequently diagnosed with TN breast tumors than NHW women [57, 61-64]. Kwan 

et al.’s study suggests Hispanics are more likely to be diagnosed with HER2+ tumors 

relative to NHW or AA women [63]. Importantly, the different subtypes are associated 

with differences in age at diagnosis and prognosis. TN and HER2+ breast cancers are 

diagnosed at a younger age and have a worse prognosis than Luminal tumors [60, 62]. 

The risk profile for different or specific breast tumor subtypes is not yet well 

established. Many of the risk factors traditionally associated with breast cancer are 

mostly associated with the most common subtype, Luminal A tumors. Possible risk 

factors for TN tumors include a greater number of births, early age at first pregnancy, 

obesity and short duration or lack of breastfeeding [57]. The positive association between 

TN tumors with increased parity and early age at first birth are in the opposite direction to 

the association between these factors and Luminal A breast tumors [57]. A study by 

Dolle et al. found a two-fold increase in risk for TN tumors relative to non-TN, among 

women under 40 who had a long history of oral contraceptive (OC) use (OR=2.5; 95% 

CI, 1.4-4.3) [65]. Similarly, Ma et al. found a positive association between early initiation 

of OC use and the TN tumor subtype [66]. Associations between traditional risk factors 

and HER2+ tumors have shown little consistency and are still unknown. The specific 

associations between reproductive characteristics and tumor subtypes defined according 

to ER, PR, and HER2 status, are reviewed in the following section.  
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B. Reproductive risk factors and tumor subtypes 
 

A small number of population-based case control studies [61, 66-70] have assessed 

the risk of each subtype (Luminal A, Luminal B, HER2+, TN) associated with 

reproductive factors, relative to controls. Findings from case control studies show a 

difference in the association of reproductive factors such as parity, age at first birth and 

duration of breastfeeding by tumor subtype. A summary of the direction of these 

associations is found in Table 2. 

 
Table 2 Overview of the direction of the association between selected reproductive 
factors and 4 tumor subtypes from case control studies 
 

Luminal A Luminal B HER2+ TN 
Risk factor N 

            

Increasing parity 6 0 0 6 2 0 4 5 0 1 5 1 0 

Late age at first pregnancy 6 4 2 0 4 2 0 5 1 0 6 0 0 

Never / short duration of 
breastfeeding 4 0 4 0 2 2 0 3 1 0 0 4 0 

 
Legend: No association,  Increased risk of subtype,  Decreased risk of subtype 

 

The most consistent association shown in the literature is that between increased 

parity and lower risk of Luminal A tumors, relative to controls.  Ever breastfeeding and 

breastfeeding for a longer period of time was also consistently associated with lower risk 

of Luminal A and TN breast tumors. Only one case control study found a strong 

association with increasing parity and the TN subtype, which lacked precision (OR=3.02; 

95% CI, 0.99-9.17) [69]. For Luminal B tumors, increasing parity was protective in four 

studies [61, 67-69] and two others found no association [66, 70]. Late age at first 

pregnancy was positively associated with Luminal tumors in two studies [61, 68]. 
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However, late age at first pregnancy was not associated TN tumors or with HER2+ 

tumors, except in one study [68].  

One case control study [61], by Trivers et al., assessed the association between a 

recent birth and tumor subtype. Results showed a non-significant increase in the risk of 

HER2+ tumors among women with a birth ≤5 years prior to diagnosis relative to 

nulliparous women, OR 2.53 (95% CI 0.81-7.94) [61]. Relative to nulliparous women, 

risk of diagnosis with other tumor subtypes was inversely associated with any period of 

time since birth, with the exception of a small increase in the odds for TN breast tumors 

(≤5 years since birth vs. nulliparous OR=1.04; 95% CI, 0.62-1.74) [61]. 

In the study of the relative association between breast tumor subtypes and previously 

established risk factors, case-only analyses have been useful in exploring the differences 

between tumor subtypes. The premise behind case-only analyses is to compare the 

different tumor subtypes in reference to one of the subtypes. A case-only study, by 

definition, excludes a disease-free population and the resulting OR is the odds of tumor 

subtype X divided by tumor subtype Y for a given risk factor. The reference category 

most commonly used is the Luminal A tumor subtype, primarily because it accounts for 

the majority of breast cancer cases [57, 61, 63]. Side-by-side comparisons of results from 

case-only and case control analyses have been possible in two studies [57, 61]. These two 

studies have shown that the case-only analyses are good tools to estimate the relative 

association between tumor subtypes in reference to a given risk factor. In these studies, 

the relative association between tumor subtypes (for a given risk factor) has resulted in a 
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very similar direction, when compared to those obtained from case control analyses [57, 

61].   

 

Current study 
 

Little is known about the association between reproductive factors and the intrinsic 

tumor subtypes among Hispanic women. Few studies have included Hispanic cases and 

those that have, included a relatively small number of cases (N<300) [63] [64, 68]. 

Evidence from the literature on the effects of a recent pregnancy on breast cancer risk and 

outcomes, could account for the early age and aggressiveness of the disease observed 

among Hispanic women. It has been estimated that the established breast cancer risk 

factors only account for 36% of cases among premenopausal Hispanic women [12].  

The specific aims of this study are to 1) describe the established reproductive 

factors according to tumor subtype in a Hispanic population; and 2) determine the 

odds of each tumor subtype according to time since last pregnancy. The hypothesis 

is that diagnosis within a recent pregnancy is associated with more aggressive tumor 

biology. This hypothesis is addressed by analyzing data among 758 Mexican breast 

cancer cases with information on reproductive history and tumor markers. This study 

recognizes the challenge of assessing the independent association of time since birth with 

tumor subtype, given that both are associated with attained age. Insights gained from this 

analysis could contribute to the understanding of the causes and mechanisms of early 

onset breast cancer. A clearer understanding of the association between a recent 
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pregnancy and breast cancer could prompt greater awareness and ideally earlier detection 

by health professionals.  
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MATERIALS AND METHODS 
 

Ella Binational Breast Cancer Study 
 

A. Study design 
 

The current study is based on data collected for the Ella Binational Breast Cancer 

Study (Ella). Ella is a study of breast cancer cases among Mexican women residing in the 

U.S. and Mexico.  Initially, Ella was established in 2006 as a pilot epidemiologic study to 

assess the feasibility of a binational investigative collaboration among five sites, two in 

the U.S. and three in Mexico. The five sites include the Arizona Cancer Center (AZCC), 

M.D. Anderson Cancer Center (MDACC), University of Sonora (UNISON), 

Technological Institute of Sonora (ITSON) and the University of Guadalajara (UG). A 

detailed description of the organizational structure of the study has been described 

elsewhere [71].  

Women with an incident invasive breast cancer diagnosis were eligible to participate 

if they met these additional criteria: enrollment in the study within 24 months of 

diagnosis, a minimum of 18 years of age, self-identification as Mexican or Mexican-

American, willingness and ability to provide written informed consent and a saliva or 

blood sample for the extraction of deoxyribonucleic acid (DNA). The Institutional 

Review Board (IRB) from each participating institution approved the study protocol. The 

study was designed to test the primary hypothesis that the distribution of established 

breast cancer risk factors and clinico-pathological characteristics of breast cancer tumors 

differ between the two countries.  
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B. Recruitment 
 

A total of 1,220 eligible participants were recruited between March 2007 and 

February 2011 (Table 3). In both countries, recruitment was primarily conducted in 

clinics treating breast cancer patients. Physicians and pathologists referred participants 

meeting the eligibility criteria to a qualified Ella study staff.  Recruitment strategies 

varied slightly and were modified by each site to local needs.  

In Mexico, all three institutions (UNISON, ITSON, and UG) recruited from the 

Instituto Mexicano del Seguro Social (IMSS), Mexico’s public health provider available 

to formally employed persons and their dependents. It is estimated that IMSS accounts 

for approximately 40% of cases in Mexico [4]. UG also established recruitment sites at 

two hospitals in Guadalajara. The first, Hospital Civil, is a hospital primarily serving the 

indigent segment of the population who do not qualify for IMSS services. The second is a 

specialized publicly funded cancer center (Instituto Jaliciense de Cancerología).  

In the United States, the Arizona Cancer Center set up additional collaborations with 

a number of institutions and physicians in four cities throughout the state including 

hospitals, community health clinics and oncology practices. Similarly, the M.D. 

Anderson Cancer Center recruited additional participants from two community 

institutions including the Lyndon B. Johnson General Hospital, affiliated to the 

University of Texas Medical School and the Rose Clinic, a breast cancer non-profit 

organization serving the uninsured. 
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Table 3 Ella Binational Breast Cancer Study Sites and Number of Recruited 
Participants (n= 1,220)  

 

C. Risk factor questionnaire (RFQ) 
 

Lifestyle and reproductive risk factors associated with breast cancer where obtained 

by interviewer-administered RFQ. The majority of interviews were conducted in person, 

with only 8% conducted over the phone. The participant provided answers to the risk 

factor questionnaire in 99% of cases. Interviewers were centrally trained prior to the 

initiation of recruitment.  

To accommodate language preference and country-specific needs, two slightly 

different versions of the questionnaire were administered. One version was used in the 

United States with an English and Spanish equivalent. A second version used in Mexico 

included additional questions pertaining to socio-economic variables and medication 

names. In addition, the questionnaire underwent a revision in 2008. Revisions were made 

to address problems encountered in a preliminary assessment of missing data and to 

address issues encountered in the field. An effort was made to maintain equivalence 

between versions. Changes were primarily to improve clarity. Participants had the option 

Study sites N (%) 
United States  

Arizona Cancer Center (AZCC), Tucson, Arizona 209 (17.1%) 
M.D. Anderson Cancer Center (MDACC), Houston, Texas 385 (31.6%) 

  
Mexico  

University of Sonora (UNISON), Hermosillo, Sonora 168 (13.8%) 
Technological Institute of Sonora (ITSON), Ciudad Obregon, 
Sonora 216 (17.7%) 

University of Guadalajara (UDG), Guadalajara, Jalisco 242 (19.8%) 
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of completing the interview in English or Spanish, depending on their preference. In the 

United States, 47% of participants completed the interview in Spanish.  

 

D. Medical record abstraction (MRA) 
 

Medical records pertaining to breast cancer diagnosis such as imaging, pathological 

and surgical reports were obtained from health care providers with participant consent or 

in some situations from participants themselves. In Mexico, some patients kept their own 

medical records. Trained staff completed the medical abstraction process for date, 

method and type of diagnosis, tumor marker information and other clinical and 

pathological characteristics. Each study site designated MRA specialists.  

 

Current study 

A. Selection criteria 
 

All 1,220 Ella participants were eligible for inclusion in this analysis with the 

addition of study-specific exclusion criteria. A total of 462 cases were excluded from the 

present analysis, resulting in a final sample size of 758 cases (Figure 1). Given that study 

staff was still in the process of collecting and entering data, participants with an 

incomplete RFQ and/or MRA were excluded from consideration (n=17). Additional 

exclusion criteria included missing one or more of the three tumor markers of interest 

(n=372), a diagnosis within less than a year since a last full-term pregnancy (n=10), and 

an equivocal HER2 status (n=63). Due to the ongoing status of the Ella study, it is 

difficult to assess the number of tumor markers truly missing. It is important to note that 
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in Mexico, it is possible to undergo diagnosis and treatment without a full assessment of 

tumor markers; therefore some level of tumor marker missingness is inevitable.  Cases 

with a recent pregnancy (<1 year) were excluded in order to focus this analysis on the 

post-partum period. Similarly, since the analysis focuses on case categorization according 

to three tumor markers, if HER2 was reported as “equivocal” it was not possible to 

classify with certainty and was excluded.  

 
Figure 1 Study eligibility and final sample size 

 

 

 

Eligible Ella Participants 
N=1,220 

Analyzed 
N=758 

Excluded (N=462) 
Incomplete tumor markers (N=372) 

Incomplete RFQ and/or MRA (N=17) 
Dx <1 yr since last pregnancy (N=10) 

HER2 equivocal (N=63) 
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B. Explanatory variables 
 

Detailed pregnancy history information was collected at the time of interview. 

Participants provided information on each pregnancy including age at pregnancy, 

pregnancy outcome, breastfeeding (yes/no) and length of breastfeeding. A full-term 

pregnancy (FTP) was defined as any pregnancy, lasting more than 5 months regardless of 

outcome. Women with no reported pregnancy or with no full-term pregnancy were 

classified as nulliparous. Lifetime breastfeeding was calculated by adding the total 

number of months a woman breastfed after each pregnancy.  

In order to calculate the time since last pregnancy, the main variable of interest, age at 

last full-term pregnancy (ALFTP) was subtracted from age at diagnosis obtained from the 

MRA. Time since last full-term pregnancy was classified as a binary variable (≤10 years 

or >10 years). A 10-year cut-off was used for a number of reasons, including the length 

of time estimated to confer a period of increased risk after a pregnancy based on the 

literature [13, 15, 18], breast cancer outcomes among women with a recent pregnancy 

[41, 43, 46], and sample size considerations. Age at diagnosis was derived from date of 

birth and date of the first diagnostic biopsy confirming the presence of invasive breast 

cancer. Age at diagnosis was considered as a continuous and as a categorical variable 

(<40, 40-49, 50-59, 60+). Categorical age at diagnosis was used to better understand 

differences by age group since it is possible that the relationship between age and 

reproductive factors and/or tumor subtypes is not linear.  

Additional variables include self-reported reproductive factors known to be 

associated with breast cancer risk including age at menarche, menopausal status and age 
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at and type of menopause. Women reporting irregular periods were categorized as pre-

menopausal. Women who reported cessation of menses for 12 months or more and the 

reason for menopause was reported to be natural or due to a hysterectomy with bilateral 

oophorectomy were classified as post-menopausal. In cases where the reported reason for 

menopause was treatment-induced or a hysterectomy without removal of both ovaries, 

women were classified as either pre-menopausal or post-menopausal depending on 

whether their age at diagnosis was above or below the median age of natural menopause 

at their study site. Hormonal exposures prior to diagnosis include ever use (yes/no) of 

hormone-based contraception for >3 months and ever use of hormone replacement 

therapy (HRT).  

Family history of breast cancer in a first-degree relative (mother, father, sister, 

brother, daughter or son) was based on RFQ questions pertaining to general family 

history of cancer. A total of 9 women who reported they did not know if they met the 

criteria, were classified as not having a family history of breast cancer in a first degree 

relative. Out of the 9 women, 4 were adopted and did not know any blood relatives and 

the other 5 women did not list any family member with any type of cancer, known or 

unknown.  

BMI was calculated according to kg/meter2 based on weight either 1 year or 3 years 

prior to diagnosis, depending on survey version and attained adult height. Due to the 

difference in surveys, the combined variable is referred to as “recent BMI”.  The rationale 

behind using BMI 1 or 3 years prior to diagnosis was to capture a woman’s usual weight 

since weight changes are possible after a breast cancer diagnosis [72].    
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Missing values for age at menarche (n=1) and age at menopause (n=3) were imputed 

based on mean age at menarche and natural menopause respectively at their recruitment 

sites. One value for age at first full-term pregnancy was determined based on the 

participant’s pregnancy history. The first full-term pregnancy resulted in a stillbirth and 

no age was recorded. One year was subtracted from the next live birth (16 years) to 

approximate age at first birth. Two cases of missing information on hormonal 

contraceptive use were coded as never users. Missing menopausal status (n=8) was left 

missing. Recent BMI was missing for 13% (n=98) of women due to missing height 

and/or recent weight. Wherever possible, MRA information on height and/or weight as 

close to diagnosis as possible was used to calculate recent BMI reducing the number of 

missing observations to 11 (1.5%).  In a subset of 1,008 cases, where both MRA and 

RFQ values for height and weight were available, recent BMI values had a concordance 

correlation coefficient of 0.87, meaning both measures were highly concordant.  

 

C. Classification of tumor marker status and tumor subtypes 
 

The outcome variable for the present analyses is tumor subtype. Tumor subtype 

classification is based on the joint expression of ER, PR and HER2. Tumor markers used 

for clinical purposes were abstracted from pathology reports and medical records. Tumor 

marker information was obtained from the post-surgical pathology report or from the 

diagnostic biopsy in cases where neoadjuvant chemotherapy was reported (n=303, 40%). 

The effect of neoadjuvant therapy on ER, PR and HER2 status remains controversial. 

Some studies have found changes in hormone receptor status, while others have found 
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little change [73]. Assuming original tumor phenotype provides insight into subtype 

etiology, it is important to classify cases according to their pre-treatment tumor subtype.  

In all cases, ER and PR status was assessed by immunohistochemistry (IHC). 

Reporting methods and cut-off values for ER and PR-positivity are not uniform among 

laboratories. Community pathology reports may provide the exact number or percent 

cells staining positive for the marker of interest or a range indicating the sample was 

above, below, or equal to a given value, which may or may not include a categorical 

interpretation of positive, negative or equivocal. It is also possible that only a categorical 

interpretation is provided without any indication of its numeric value. Other reporting 

methods used in practice but not used for any cases in the Ella study, include IHC 

intensity and Allred Score. 

In this study, positivity was defined as ≥10% whenever an IHC value for percent cells 

staining positive was provided. In approximately 20% (ER n= 133, PR n= 147) of cases, 

IHC interpretation was used to determine ER/PR status since no numeric value was 

provided in the pathology report. To determine HER2 status, laboratories can either use 

IHC and/or fluorescence in situ hybridization (FISH). Reporting of results by IHC can 

either be in the form of an IHC intensity score: 0, 1 or 1+ (negative), 2 or 2+ (equivocal), 

and 3 or 3+ (positive) or as an IHC interpretation without an intensity score. FISH is a 

different technique that reports the presence or absence of gene amplification. The 

American Society of Clinical Oncology (ASCO) and the College of American 

Pathologists (CAP) consider a FISH ratio >2.2 as HER2-amplified [74]. In cases with 

both a FISH ratio and an IHC intensity score or interpretation, results based on FISH 
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were prioritized (n=201). However, IHC is more commonly used to determine HER2 

status (Table 4). Following the same prioritization algorithm as ER/PR, classification 

using IHC intensity score took precedence over IHC interpretation. For this study, HER2 

equivocal cases according to IHC were excluded (n=63). The percentage of cases 

categorized according to each reporting source is provided in Table 4.  

 

Table 4 Reporting method used for classification of ER, PR and HER2 (n= 758) 

 

 

 

 

 

 

 

 

 

Tumors were classified into three subtypes: ER+ and/or PR+, HER2- (ER+/PR+), 

HER2+ regardless of ER or PR status (HER2+), and as triple negative (TN) for all three 

tumor markers (Figure 2).  Classification is modeled on the “intrinsic subtypes” identified 

by molecular profiling [50]. Due to inconsistent reporting on other molecular tumor 

markers such as cytokeratin 5/6 (CK5/6) and proliferative markers such as Ki67, it is not 

possible to classify tumors according to more precise intrinsic subtypes [51]. HER2-

Tumor marker N (%) 
ER  

IHC % cells staining value 625 (82.5%) 
IHC interpretation 133 (17.5%) 

PR  
IHC % cells staining value 611 (80.6%) 
IHC interpretation 147 (19.4%) 

HER2  
FISH ratio 201 (26.5%) 
IHC intensity score 470 (62.0%) 
IHC interpretation 87 (11.5%) 
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amplified tumors have been grouped together regardless of their hormone receptor status 

because molecular profiling points to a distinct cluster of breast cancer characterized by 

HER2-overexpression [50]. HER2 amplification appears to occur in early stages of 

tumorigenesis and it is thus hypothesized it is its own subtype [75]. Furthermore, HER2-

positivity has clinical implications and to date, risk factors associated with HER2 are 

poorly understood. It is therefore of interest to assess known reproductive factors 

according to HER2 positivity, independent of ER and PR.  

 

Figure 2 Tumor subtype categorization algorithm 

 

D. Statistical analysis 
 

All statistical analyses were performed using Stata 11.0 (StataCorp, College Station, 

Texas). Due to the large number of cases missing one or more tumor markers, selection 

Cases  
N=758 

HER2-  
FISH <2.2 or             

IHC 0 or 1 or 1+ 

ER+/PR+ 
IHC ≥10% cells  

staining + 

ER+/PR+                     
N=440 (58.1%) 

ER- & PR- IHC 
IHC <10% cells  

staining + 

TNBC            
N=120 (15.8%) 

HER2+  
FISH ≥2.2 or               
IHC 3 or 3+ 

ER+/PR+ 
N=100 

HER2+         
N=198 (26.1%) 

ER- & PR-          
N=98 
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bias was assessed by comparing the differences in the number of full-term pregnancies 

and time since last full-term pregnancy between cases with complete vs. incomplete 

tumor markers. A difference in means was tested using a two-sided Student’s t-test, with 

a significance level of α=0.05. Descriptive statistics were conducted for all selected 

variables according to tumor subtype.  

As a study exclusively of breast cancer cases, the outcome variable of interest is 

tumor subtype; ER+/PR+ cases have been chosen as the referent group. In interpreting 

results, if the odds ratio of a risk factor is not different to 1.0, the risk factor in question is 

not differentially associated between two subtypes. Due to the lack of a disease-free 

control population, it is not possible to interpret the case-only odds ratio as a measure of 

disease risk in the population. Results are informative in that they are a first-line 

approach of assessing the association of known risk factors by tumor subtype.  

Analysis of the association between reproductive factors and tumor subtype, case-

only odds ratios (OR) and 95% confidence intervals were calculated using multinomial 

logistic regression adjusted for age at diagnosis and study site. HER2+ and TN cases 

were compared to ER+/PR+ cases. As the most frequent subtype, ER+/PR+ cases were 

chosen as the reference group to improve the stability of the estimates. In addition, 

compared to TN and HER2+, the risk factor profile of ER+/PR+ has been better 

characterized. Post-estimation using a linear contrast was used to compare HER2+ cases 

to TN cases. 

In order to test the hypothesis that time since last pregnancy (>10 years (ref), ≤10 

years) is differentially associated to tumor subtype, case-only ORs and 95% confidence 
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intervals were calculated in the same manner as before. Additional variables were 

considered in the analysis as potential confounders based on the literature or if their 

statistical significance in marginal analysis was p≤0.20.  All models were adjusted for 

age at diagnosis and study site. Age at first full-term pregnancy, number of full-term 

pregnancies, breastfeed ever were also considered as potential confounders regardless of 

their significant association with tumor subtype due to their strong influence on breast 

cancer risk. Likelihood ratio tests were conducted to test the joint significance of 

covariates at the α=0.05 level. After assessing confounding, tests for multiplicative 

interaction were conducted between time since last pregnancy and number of full-term 

pregnancies, age at first full-term pregnancy, age at last full-term pregnancy, and 

breastfeeding after the last full-term pregnancy.  

Exploratory analyses were conducted to assess the potential difference in the 

association between HER2+ and time since last pregnancy according to ER/PR status. 

HER2+ cases were stratified into two groups. Case-only ORs and 95% confidence 

intervals were used to compare the effect of time since last pregnancy on HER2+, 

ER+/PR+ and HER2+, ER-, PR- relative to ER+/PR+ cases.  

The 2010 CAP/ASCO ER/PR testing guidelines recommend that cases with ≥1% 

percent cells staining positive for ER/PR should be considered positive.[76] For HER2 

testing, CAP/ASCO recommended in its joint 2007 HER2 testing guidelines to consider a 

FISH ratio of 1.8-2.2 as equivocal.[74] HER2 cases considered equivocal by FISH were 

not excluded from the analysis and ER/PR cut-off was set at ≥10%. Since these cut-offs 
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did not follow the latest recommendations, a sensitivity analysis was conducted based on 

this reclassification.  
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RESULTS 
 

Participant characteristics and distribution of reproductive factors 
 

The distribution of participant characteristics is reported in Table 5 (n=758). Overall, 

Ella participants had a mean age at diagnosis of 51.7 years, mean age at menarche of 12.7 

years, and a mean BMI of 28.8 kg/m2.  Nearly two-thirds of women were overweight or 

obese. Among participants with reported menopausal status (n=750), 47.1% (n= 352) 

were postmenopausal prior to diagnosis. Average age at menopause was 48.2 years. 

Cases with surgically induced menopause were younger (45.5 years) than women with 

natural menopause (48.6 years). Ever use of HRT by postmenopausal women was 21.3%.  

A total of 79 (10%) participants were nulliparous; 66 (8%) participants reported never 

being pregnant and 13 (2%) reported not carrying any pregnancy past 5 months. Most 

Ella participants (n= 679) reported at least one full-term pregnancy (FTP) with an 

average number of 3.5 FTPs per woman. The average age at first FTP and last FTP was 

22.8 years and 31.2 years, respectively. A total of 22% (n=146) of women were 

diagnosed ≤10 years after their last pregnancy. Most parous women (74.5%) reported 

ever breastfeeding.  The distribution of lifetime duration of breastfeeding among all 

parous women was right-skewed with a mean and standard deviation of 19.03±31.8 

months and a median of 7.0 months. Due to the skewness of the distribution, lifetime 

breastfeeding was categorized into 0, <12 and ≥12 months; 41% of parous women 

breastfed for a lifetime total of ≥12 months.  
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Table 5 Distribution of Ella participant characteristics by breast cancer subtypes, 
(n=758)  

Variable All 
(n = 758) 

ER+/PR+ 
(n = 440) 

HER2+ 
(n = 198) 

TN 
(n = 120) 

Age at diagnosis, mean (SD), 
years  51.7±12.4 52.2±12.3 52.7±12.3 48.2±12.6 

< 40 years, n (%) 118 (15.6%) 64 (14.6%) 26 (13.1%) 28 (23.3%) 
40 - 49 years, n (%) 241 (31.8%) 134 (30.5%) 58 (29.3%) 49 (40.8%) 
50-59 years, n (%) 212 (28.0%) 128 (29.1%) 62 (31.3%) 22 (18.3%) 
≥ 60 years, n (%) 187 (24.7%) 114 (25.9%) 52 (26.3%) 21 (17.5%) 

     
Recent BMI, mean (SD) 
(n=748) 28.8±5.8 29.1±6.0 28.6±5.5 27.8±6.7 

<25 kg/m2, n (%) 204 (26.9%) 114 (25.9%) 50 (25.1%) 40 (33.3%) 
25-29 kg/m2, n (%) 264 (34.9%) 153 (34.8%) 70 (35.9%) 41 (34.2%) 
≥30 kg/m2, n (%) 280 (36.9%) 165 (37.5%) 78 (39.2%) 37 (30.8%) 
Missing, n (%) 11 (1.5%) 8 (1.8%) 1 (0.5%) 2 (1.7%) 

     
Age at menarche, mean (SD), 
years 12.7±1.7 12.7±1.6 12.8±1.7 12.9±1.8 

     
Menopausal status     

Pre-menopausal, n (%) 397 (52.3%) 236 (53.6%) 91 (46.0%) 70 (58.3%) 
Post-menopausal, n (%) 352 (46.4%) 198 (45.0%) 104 (52.5%) 50 (41.7%) 
Missing, n (%) 9 (1.2%) 6 (1.4%) 3 (1.5%) 0 (0.0%) 

     
Menopause type     

Natural, n (%) 301 (85.5%) 171 (86.4%) 91 (87.5%) 39 (78.0%) 
Surgical, n (%) 50 (14.2%) 27 (13.6%) 13 (12.5%) 10 (20.0%) 
Missing, n (%) 1 (0.3%) 0 (0.0%) 0 (0.0%) 1 (2.0%) 
     

Age at menopause, by type     
All types, mean (SD), years 48.2±5.4 48.4±5.2 48.4±5.1 46.7±6.5 
Natural, mean (SD), years 48.6±4.9 48.7±4.5 48.6±4.5 47.9±5.6 
Surgical, mean (SD), years 45.5±7.0 46.3±5.8 46.5±8.3 41.9±7.8 
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Table 5 Distribution of Ella participant characteristics by breast cancer subtypes, 
(n=758) (continued)  

a Among postmenopausal women only. b Among women with one or more full-term pregnancies.  

Variable All 
(n = 758) 

ER+/PR+ 
(n = 440) 

HER2+ 
(n = 198) 

TN 
(n = 120) 

Hormone replacement therapy 
(HRT) usea     

Never, n (%) 277 (78.5%) 159 (80.3%) 83 (79.8%) 35 (70.0%) 
Ever, n (%) 75 (21.3%) 39 (19.7%) 21 (20.2%) 15 (30.0%) 
     

Ever pregnant     
No, n (%) 66 (8.7%) 38 (8.6%) 19 (9.6%) 9 (7.5%) 
Yes, n (%) 692 (91.3%) 402 (91.4%) 179 (90.4%) 111 (92.5%) 
     

Total full-term pregnanciesb, 
mean (SD) 3.5±2.2 3.4±2.3 3.5±2.2 3.5±2.0 

0, n (%) 13 (1.9%) 11 (2.7%) 2 (1.1%) 0 (0.0%) 
1, n (%) 79 (11.42%) 48 (11.9%) 22 (12.2%) 9 (8.1%) 
2, n (%) 146 (21.1%) 86 (21.4%) 41 (22.9%) 19 (17.1%) 
3, n (%) 198 (28.6%) 110 (27.4%) 49 (27.4%) 39 (35.1%) 
4, n (%) 112 (16.2%) 62 (15.4%) 22 (12.3%) 28 (25.2%) 
5+, n (%) 144 (20.8%) 85 (21.1%) 43 (24.0%) 16 (14.4%) 
     

Age at first full-term 
pregnancyb, mean (SD), years 22.8±5.4 22.9±5.6 23.0±5.6 22.0±4.7 

<20 years, n (%) 208 (30.6%) 121 (31.0%) 48 (27.1%) 39 (35.1%) 
20-24 years, n (%) 245 (36.1%) 133 (34.0%) 69 (39.0%) 43 (38.7%) 
25-29 years, n (%) 143 (21.1%) 87 (22.3%) 38 (21.5%) 18 (16.2%) 
≥30 years, n (%) 83 (12.2%) 50 (12.8%) 22 (12.4%) 11 (9.9%) 
     

Age at last full-term pregnancyb, 
mean (SD), years 31.2±5.9 31.1±6.0 31.5±5.9 31.0±5.5 

<25 years, n (%) 93 (13.7%) 60 (15.4%) 18 (10.2%) 15 (13.5%) 
25-29 years, n (%) 156 (23.0%) 81 (20.7%) 46 (26.0%) 29 (26.1%) 
≥30 years, n (%) 430 (63.3%) 250 (63.9%) 113 (63.8%) 67 (60.4%) 
     

Time since last full-term 
pregnancyb, mean (SD), years 20.6±11.6 21.2±11.5 20.7±11.6 18.3±11.8 

>10 years, n (%) 533 (78.5%) 318 (81.3%) 133 (75.1%) 82 (73.9%) 
≤10 years, n (%) 146 (21.5%) 73 (18.7%) 44 (24.9%) 29 (26.1%) 
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Table 5 Distribution of Ella participant characteristics by breast cancer subtypes 
(n=758) (continued) 

a Among postmenopausal women only. b Among women with one or more full-term pregnancies. c Women 
with 2 or more pregnancies. 

 

Variable (continued) All 
(n = 758) 

ER+/PR+ 
(n = 440) 

HER2+ 
(n = 198) 

TN 
(n = 120) 

Interval between first pregnancy 
and last,c mean (SD), years  9.5±5.7 9.3±5.8 9.6±5.9 9.8±5.3 

     
Ever breastfedb     

No, n (%) 173 (25.5%) 104 (26.6%) 50 (28.2%) 19 (17.1%) 
Yes, n (%) 506 (74.5%) 287 (73.4%) 127 (71.8%) 92 (82.9%) 

     
Lifetime breastfeedingb     

Never, n (%) 173 (25.5%) 104 (26.6%) 50 (28.3%) 19 (17.1%) 
<12 months, n (%) 230 (33.9%) 138 (35.3%) 50 (28.3%) 42 (37.8%) 
≥12 months, n (%) 276 (40.7%) 149 (38.1%) 77 (43.5%) 50 (45.1%) 
     

Breastfed last full-term 
pregnancyb     

No, n (%) 279 (41.1%) 168 (43.0%) 76 (42.9%) 35 (31.5%) 
Yes, n (%) 400 (58.9%) 223 (57.0%) 101 (57.1%) 76 (68.5%) 

     
Breastfeeding after lasta, months     

Never, n (%) 279 (41.1%) 168 (43.0%) 76 (42.9%) 35 (31.5%) 
<12 months, n (%) 302 (44.5%) 167 (42.7%) 72 (40.7%) 63 (56.8%) 
≥12 months, n (%) 98 (14.4%) 56 (14.3%) 29 (16.4%) 13 (11.7%) 
     

Family history in 1st degree 
relative     

No, n (%) 646 (85.2%) 385 (87.5%) 172 (86.9%) 89 (74.2%) 
Yes, n (%) 112 (14.8%) 55 (12.5%) 26 (13.1%) 31 (25.8%) 
     

Hormonal contraceptive use, 
ever     

No, n (%) 334 (44.1%) 193 (43.9%) 92 (46.5%) 49 (40.8%) 
Yes, n (%) 424 (55.9%) 247 (56.1%) 103 (53.5%) 71 (59.2%) 
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Participant characteristics by tumor subtype 
 

 The frequency of ER+/PR+, HER2+ and TN tumors for all cases was 58.1%, 26.1% 

and 15.8%, respectively. TN cases were younger at diagnosis, more likely to breastfeed, 

have a positive family history of breast cancer and were more likely to report ever using 

HRT than ER+/PR+ or HER2+ cases. Mean age at diagnosis for TN cases was 48.2 years 

compared to 52.2 years for ER+/PR+ and 52.7 years for HER2+ cases. TN ever 

breastfeeding and breastfeeding after the last FTP was 82.9% and 68.5% compared to 

73.4% and 57.0% for ER+/PR+ and 71.8% and 57.1% for HER2+ cases. While 12.5% of 

ER+/PR+ and 13.1% of HER2+ cases reported a family history of breast cancer in a first-

degree relative, the frequency was twice as high for TN cases (25.8%). A greater 

proportion of TN cases (30%) reported ever use of HRT compared to 20% for each of the 

other two tumor subtypes. Fewer ER+/PR+ cases had a birth ≤10 years prior to diagnosis 

compared to HER2+ and TN cases (18.7%, 24.9% and 26.1%, respectively).  

Mean age at diagnosis and frequencies of menstrual and reproductive characteristics 

according to time since last FTP are reported in Table 6. Participants diagnosed ≤10 years 

vs. >10 years after the last FTP were younger and predominately premenopausal (38.1 vs. 

55.5 years and 92.4% vs. 42.1%). Compared to women ≤10 years since the last FTP, 

those >10 years since last FTP had a higher average number of FTPs (3.7 vs. 2.9) and 

earlier ages at first birth (22.5 vs. 23.9) and last birth (30.8 vs. 32.5). Breastfeeding after 

the last FTP was more frequent among women with a recent vs. a distant pregnancy 

(68.5% for ≤10 years and 56.3% for >10 years).  
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Table 6 Distribution of breast cancer risk factors among parous women by time 
since last full-term pregnancy (n=679) 

 
Variable 10 years (n=533) ≤ 10 years (n=146) 

Age at diagnosis, mean (SD), years  55.5±10.6 38.1±5.5 
< 40 years, n (%) 13 (2.4%) 85 (58.2%) 
40 - 49 years, n (%) 161 (30.2%) 60 (41.1%) 
50-59 years, n (%) 196 (36.8%) 1 (0.7%) 
≥ 60 years, n (%) 163 (30.6%) 0 (0%) 

   
Age at menarche, mean (SD), years 12.8±1.7 12.5±1.7 
   
Menopausal status   

Pre-menopausal, n (%) 222 (42.1%) 133 (92.4%) 
Post-menopausal, n (%) 305 (57.9%) 11 (7.6%) 

   
Age at menopause, mean (SD), years 48.4±5.3 44.2±2.9 

   
Total full-term pregnancies, mean (SD) 3.7±2.4 2.9±1.4 
   
Age at first full-term pregnancy, mean 
(SD), years 22.5±5.3 23.9±5.9 

<20 years, n (%) 169 (31.7%) 39 (26.7%) 
20-24 years, n (%) 202 (37.9%) 43 (29.5%) 
25-29 years, n (%) 106 (19.9%) 37 (25.3%) 
30+ years, n (%) 56 (10.5%) 27 (18.5%) 
   

Age at last full-term pregnancy, mean 
(SD), years 30.8±6.0 32.5±5.0 

<25 years, n (%) 82 (15.4%) 11 (7.5%) 
25-29 years, n (%) 129 (24.2%) 27 (18.5%) 
≥30 years, n (%) 322 (60.4%) 108 (74.0%) 
   

Ever breastfed   
No, n (%) 142 (26.6%) 31 (21.2%) 
Yes, n (%) 391 (73.4%) 115 (78.8%) 

   
Lifetime breastfeeding   

Never, n (%) 142 (26.6%) 31 (21.2%) 
<12 months, n (%) 171 (32.1%) 59 (40.4%) 
≥12 months, n (%) 220 (41.3%) 56 (38.4%) 
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Table 6 Distribution of breast cancer risk factors among parous women by time 
since last full-term pregnancy (n=679) (continued) 

 

 

 

 

 

  

 

Association between reproductive factors and tumor subtypes 

Crude and adjusted ORs and 95% CIs for HER2+ and TN tumor subtypes relative to 

ER+/PR+ are reported in Table 7. All estimates of the association between reproductive 

factors and tumor subtypes were adjusted for study site and age at diagnosis. Adjustment 

for these two variables was considered necessary because participants in Mexico were 

younger than participants in the U.S. The mean age at diagnosis for participants recruited 

in Mexico was 54.8 years, compared to 49.6 years for participants recruited in the U.S. 

Relative to unadjusted estimates, adjustment for age and study site had relatively little 

impact on the estimates of the association between reproductive factors and tumor 

subtype. After adjustment time since last FTP was the only reproductive characteristic 

that differed (i.e. CIs did not include the null), by tumor subtype. HER2+ cases were 70% 

more likely to be diagnosed ≤10 vs. >10 years after the last FTP, relative to ER+/PR+ 

cases (OR=1.77; 95% CI, 1.03-3.04). TN cases did not differ from ER+/PR+ cases 

(OR=1.07; 95% CI, 0.57-2.01).   

Variable > 10 years (n=533) ≤ 10 years (n=146) 

Breastfed last full-term pregnancy   
No, n (%) 233 (43.7%) 46 (31.5%) 
Yes, n (%) 300 (56.3%) 100 (68.5%) 

   
Breastfeeding after last, months   

Never, n (%) 233 (43.7%) 46 (31.5%) 
<12 months, n (%) 225 (42.2%) 77 (52.7%) 
≥12 months, n (%) 75 (14.1%) 23 (15.8%) 
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Table 7 Association between reproductive characteristics and breast tumor subtypes 
relative to ER+/PR+ (n=758) 

*Adjusted for age at diagnosis and recruitment site. aAmong women with one or more full-term 
pregnancies. bWomen with 2 or more pregnancies. 

HER2+ (n = 198) TN (n = 120) 
Variable Crude 

OR (95% CI) 
Adjusted* 

OR (95% CI) 
Crude 

OR (95% CI) 
Adjusted* 

OR (95% CI) 
Age at menarche, 
years 1.03 (0.93-1.14) 1.02 (0.99-1.02) 1.07 (0.94-1.20) 1.09 (0.96-1.23) 

     
Ever pregnant     

No Ref. Ref. Ref. Ref. 
Yes 0.89 (0.50-1.59) 0.83 (0.46-1.49) 1.17 (0.55-2.48) 1.19 (0.55-2.56) 

     
Number of full-term 
pregnanciesa  1.01 (0.93-1.09) 1.00 (0.91-1.10) 0.99 (0.90-1.09) 1.04 (0.93-1.16) 

     
Age at first full-term 
pregnancya  1.00 (0.97-1.04) 1.01 (0.97-1.04) 0.96 (0.93-1.01) 0.96 (0.93-1.01) 

     
Age at last full-term 
pregnancya 1.01 (0.98-1.04) 1.01 (0.98-1.05) 1.00 (0.96-1.03) 1.01 (0.97-1.05) 

     
Ever breastfeda     

No Ref. Ref. Ref. Ref. 
Yes 0.92 (0.62-1.37) 0.79 (0.52-1.22) 1.75 (1.02-3.02) 1.64 (0.93-2.90) 

     
Lifetime 
breastfeedinga, months     

Never Ref. Ref. Ref. Ref. 
<12 months 0.75 (0.47-1.20) 0.66 (0.40-1.07) 1.67 (0.92-3.03) 1.51 (0.81-2.79) 
≥12 months 1.07 (0.70-1.66) 0.94 (0.59-1.51) 1.84 (1.02-3.30) 1.79 (0.96-3.32) 

     
Breastfed last full-term 
pregnancya     

No Ref. Ref. Ref. Ref. 
Yes 0.94 (0.67-1.35) 0.85 (0.58-1.25) 1.58 (1.01-2.49) 1.40 (0.87-2.26) 

     
Breastfeeding after 
lasta, months     

Never Ref. Ref. Ref. Ref. 
<12 months 0.95 (0.65-1.40) 0.87 (0.58-1.30) 1.81 (1.14-2.88) 1.60 (0.98-2.60) 
≥12 months 1.14 (0.68-1.93) 1.05 (0.61-1.82) 1.11 (0.55-2.25)  1.01 (0.49-2.09) 
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Table 7 Association between reproductive characteristics and breast tumor subtypes 
relative to ER+/PR+ (n=758) (continued) 
 

*Adjusted for age at diagnosis and recruitment site. aAmong women with one or more full-term 
pregnancies. bWomen with 2 or more pregnancies. 
 
 

Differences in breastfeeding-related variables and menopausal status for TN and 

HER2+ tumor subtypes compared to ER+/PR+ cases, albeit the estimates of the 

association were imprecise. TN cases were more likely to breastfeed than ER+PR+ cases 

(OR=1.64; 95% CI, 0.93-2.90). Conversely, HER2+ cases were less likely to breastfeed 

than ER+PR+ cases (OR=0.79; 95% CI, 0.52-1.22). Breastfeeding after the last FTP and 

duration of lifetime breastfeeding resembled the associations observed with ever 

breastfeeding. HER2+ and TN cases were 50% more likely to be postmenopausal at 

diagnosis than ER+PR+ cases (OR=1.49; 95% CI, 0.96-2.29 and OR=1.50; 95% CI, 

0.87-2.59). TN cases were younger at first birth than ER+PR+ cases (OR=0.96; 95% CI, 

0.93-1.01).   

  

HER2+ (n = 198) TN (n = 120) 
Variable Crude 

OR (95% CI) 
Adjusted* 

OR (95% CI) 
Crude 

OR (95% CI) 
Adjusted* 

OR (95% CI) 
Interval between 1st 
pregnancy and lastb 1.01 (0.98-1.04) 1.01 (0.98-1.05) 1.02 (0.98-1.05) 1.03 (0.99-1.07) 

     
Time since last full-
term pregnancya      

>10 years Ref. Ref. Ref. Ref. 
≤10 years 1.44 (0.94-2.21) 1.77 (1.03-3.04) 1.54 (0.94-2.52) 1.07 (0.57-2.01) 

     
Menopausal status     

Pre-menopausal Ref. Ref. Ref. Ref. 
Post-menopausal 1.36 (0.97-1.90) 1.49 (0.96-2.29) 0.85 (0.56-1.23) 1.50 (0.87-2.59) 

     
Age at menopause 1.01 (1.00-1.01) 1.01 (1.00-1.02) 1.00 (0.99-1.00) 1.01 (1.00-1.02) 
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Association between time since last FTP and breast cancer subtypes 
 

For these analyses, cases >50 years at diagnosis were excluded in order to estimate 

the association between time since last FTP and tumor subtype in a relevant age group. In 

these data, no participant >50 years reported a recent pregnancy (≤10 years prior to 

diagnosis) (Table 8). By excluding older women, estimates of the association between 

time since last FTP and tumor subtype can be more generalizable to younger women. For 

this reason, models of the association between time since last FTP and tumor subtype 

were restricted to parous women ≤50 years at diagnosis (Table 9). 

 
Table 8 Distribution of time since last full-term pregnancy by age at diagnosis 
(n=679) 

Age at diagnosis Time since last full-term 
pregnancy ≤50 years (n = 341) >50 years (n = 338) 

>10 years 195 (57.2%) 338 (100.0%) 

≤10 years 146 (42.8%) 0 (0.0%) 
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Table 9 Association between time since last pregnancy and breast tumor subtypes 
relative to ER+/PR+ tumors among parous women ≤50 years at diagnosis (n=341) 

 

aAdjusted for age and study site. bAdjusted for age, site, age at first FTP, and age at last FTP. cLinear 
contrast comparing the effect of time since last pregnancy between HER2+ and TN, p=0.49.  
 

 

The crude association between time since last FTP and tumor subtype showed that 

relative to ER+/PR+ cases, HER2+ tumors were more likely to be diagnosed  ≤10 years 

after a FTP, (OR=1.78; 95% CI, 1.06-2.99). In unadjusted estimates, TN cases did not 

differ from ER+/PR+ cases (OR=1.11; 95% CI, 0.64-1.95). Adjusting for age at diagnosis 

and study site (Table 9, Model 1), HER2+ cases had nearly three times the odds of having 

a recent pregnancy (≤10 years vs. >10 years) relative to ER+/PR+ cases (OR=2.80; 95% 

CI, 1.42-5.51), while estimate for TN cases were largely unaffected (OR=1.00; 95% CI, 

0.48-2.09).  

HER2+ (n = 83) TN (n = 70) 
Models 

OR (95% CI) p OR (95% CI) p 

Crude     
Time since last full-term 
pregnancy     

>10 years Ref.  Ref.  
≤10 years 1.78 (1.06-2.99) 0.03 1.11 (0.64-1.95) 0.70 
     

Model 1a     
Time since last full-term 
pregnancy      

>10 years Ref.  Ref.  
≤10 years 2.80 (1.42-5.51) 0.003 1.00 (0.48-2.09) 0.99 

     
Model 2b     
Time since last full-term 
pregnancyc      

>10 years Ref.  Ref.  
≤10 years 2.96 (1.11-7.88) 0.03 0.60 (0.21-1.68) 0.33 
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Adjusting for additional confounders (i.e. parity, age at first and last FTP, and 

breastfeeding after the last pregnancy) identified both through marginal analysis and the 

literature, did not materially change the estimates for the association between HER2+ 

tumors or TN tumors and time since last FTP. According to the results from a likelihood 

ratio test (α=0.05), adjustment for age at first and last FTP (Table 9, Model 2) improved 

overall model fit relative to the model adjusted for age and study site (Table 9, Model 1). 

Significantly better model fit was primarily due to the impact of age at first and last FTP 

on the estimate of the association between time since last FTP and TN tumors.  

Estimates from the best-fitting model (Model 2) showed that TN cases were less 

likely to be diagnosed ≤10 years (vs. >10 years) after the last FTP relative to ER+/PR+ 

cases (OR= 0.60; 95% CI, 0.21-0.68).  The association with HER2+ tumors was 

modestly strengthened after adjustment for age at first and last FTP (OR=2.96; 95% CI, 

1.11-7.88). Adjustment for breastfeeding after the last full-term pregnancy or number of 

full-term births did not substantially change the estimates of the associations observed. 

The respective associations between HER2+ tumors and TN tumors relative to 

ER+/PR+ cases were of different magnitudes and direction. However, the difference 

between HER2+ tumors and TN tumors were not significantly different as estimated by 

linear contrast (p=0.49). Furthermore, no significant interactions (α=0.05) were found 

between time since last FTP and age at first FTP, age at last FTP, breastfeeding after the 

last FTP and number of FTPs (Table 10).  
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Table 10 Tests for interaction by time since last full-term pregnancy* 

Variable pa 

Age at first full-term pregnancy 0.19 
Age at last full-term pregnancy 0.13 
Breastfed after last full-term pregnancy 0.23 
Number of full-term pregnancies 0.79 
 

*Using a model adjusted for age at diagnosis, study site, age at first full-term pregnancy and age 
at last full-term pregnancy. a Calculated using likelihood ratio tests. 

 
 

Exploratory analyses reclassifying HER2+ cases into two groups according to ER and 

PR status resulted in a statistically significant difference in estimates for HER2+, 

ER+/PR+ cases and HER2+, ER-, PR- cases (p=0.03). The magnitude of the association 

relative to ER+/PR+ cases was similar to the combined HER2+ estimate (Table 11). The 

association was stronger for HER2+, ER- PR- tumors (OR=3.25; 95% CI, 0.81-12.97) 

than for HER2+, ER+/PR+ (OR=2.85; 95% CI, 0.82-9.90) relative to ER+/PR+ cases.   

 
Table 11 Exploratory analysis of the association between time since last pregnancy 
and HER2+ tumors stratified on ER/PR status relative to ER+/PR+ tumors (n=341) 

 

a Adjusted for age, site, age at first FTP, and age at last FTP. b Linear contrast comparing the effect of time 
since last pregnancy between HER2+, ER+/PR+ and HER2+, ER-PR-, p=0.03. 

 

HER2+, ER+/PR+ 
 (n = 43) 

HER2+, ER-, PR- 
 (n = 35) 

TN  
(n = 70) Modela 

OR (95% CI) OR (95% CI) OR (95% CI) 

Time since last full-term 
pregnancyb     

>10 years Ref. Ref. Ref. 
≤10 years 2.85 (0.82-9.90) 3.25 (0.81-12.97) 0.59 (0.21-1.67) 
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Reclassification of tumor marker status according to CAP/ASCO recommendations 

for ER and PR-positivity (≥1% cells staining positive) did not change the estimates 

observed (data not shown). Including HER2-equivocal cases with HER2-negative cases 

did not change the magnitude or direction of the association but minimized the precision 

of estimates (OR=2.69; 95% CI, 0.98-7.38).  
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DISCUSSION 
 

The goal of this thesis was to investigate the relationship between reproductive 

factors and breast tumor subtypes in a large case series of women of Mexican descent, 

recruited in the U.S. and Mexico. The lower incidence rate of breast cancer among 

Hispanics relative to NHW women [1], coupled with the reported diagnosis at a younger 

age and increased odds of mortality among Hispanics after breast cancer diagnosis 

relative to NHWs [2], has motivated the inquiry into potential explanations for these 

observations. The uniqueness of the reproductive characteristics (i.e. high parity, high 

breastfeeding, and early age at first pregnancy) of Hispanics relative to those reported 

among NHW women in the literature, motivated the main hypothesis of this study.  

 

Association between time since birth and HER2+ tumors 
 

Results suggest that HER2+ tumors are more likely to be diagnosed in the 10-year 

period after the last full-term pregnancy relative to ER+/PR+ tumors among women ≤50 

years of age. Although a growing number of studies have reported on the association 

between reproductive factors and tumor subtype [57, 63, 64, 66-70], not many have 

studied the effects of time since last birth [61]. Findings are consistent with those of 

Trivers et al. who reported that relative to ER+/PR+ tumors, HER2+, ER-, PR- tumors 

were more likely to be diagnosed ≤5 years since last birth compared to nulliparous cases 

[61]. Interestingly, HER2+, ER+/PR+ cases were not different from ER+/PR+ cases [61]. 
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Similar to Trivers and colleagues’ findings, exploratory stratification of HER2+ tumors 

on ER/PR status strengthened the association between time since last birth and HER2+, 

ER-, PR- cases but not HER2+, ER+/PR+ cases. However, unlike the study by Trivers et 

al., no association with TN and time since last birth was present in these analyses. 

The difference in magnitude between the present study and Trivers et al.’s study 

could be due to variable categorization. For this analysis, HER2+ cases were grouped 

together regardless of ER/PR status. Based on Trivers’ results, including ER+/PR+ cases 

would bias results towards the null [61]. Furthermore, the present study defined a recent 

birth as ≤10 years preceding diagnosis rather than ≤5 years. Although a positive 

association was also observed for HER2+, ER-, PR- cases >5 years after birth, the effect 

was weaker [61]. If the association is limited to the first 5 years, estimates using 10 years 

rather than 5 years are likely to be weaker.   

Another possible reason for differences in the results of the two studies is the 

inclusion or exclusion of nulliparous women in the analysis. If parity is associated with 

breast tumor subtypes, it is likely that inclusion of nulliparous women in a variable 

related to time since last birth will likely capture some of the association with parity per 

se. For example, in Trivers et al.’s study, the OR for ≤5 years and >5 years since last 

birth, are both greater compared to nulliparous women among HER2+, ER-, PR-, relative 

to ER+/PR+ cases [61]. This association possibly reflects that HER2+, ER-, PR- cases 

were more likely to have more births than ER+/PR+ cases [61]. HER2+, ER+/PR+ cases 

did not differ from ER+/PR+ cases in terms of parity and there was no association with 

time since last birth [61].  The positive association with TN cases observed in Trivers et 
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al.’s study could be due to the inclusion of nulliparous women in the analysis. In the 

present study, the variable for time since last pregnancy was restricted to women with at 

least one birth. 

A. The association between HER2-positivity and breast cancer outcomes 
 

The association between a recent birth and greater odds of diagnosis with a HER2+ 

tumor is intriguing and provides evidence for the reported aggressiveness of breast cancer 

diagnosed close to a recent birth. Findings from Trivers et al. and findings from the 

current study imply that the decrease in survival among women with a recent pregnancy 

can in part be attributed to tumors associated with worse prognosis. Parise and colleagues 

reported five-year survival of breast cancer cases according to joint ER, PR and HER2 

status. Survival ranged from 96.4% for ER+, PR+ tumors to 75.9% for HER2+, ER-, PR- 

tumors [60].  In the same study, HER2+, ER-, PR- tumors were more likely to be 

diagnosed at AJCC Stages III and IV relative to Stage I [60]. HER2 over-expression in 

human breast cancer is characterized by high histologic and nuclear grade, increased 

proliferation rates, increased propensity to metastasize, and increased likelihood of low 

ER and PR expression [77].  

B. Possible HER2 biological mechanisms of action 
 

It has been hypothesized that pregnancy hormones are implicated in the poor 

prognosis of breast cancer after a recent birth due to their promotional effect on initiated 

lesions [43]. Other reports from the literature suggest that tumor biology is influenced by 

a recent birth [43, 44, 47, 48]. The mechanisms of action remain to be understood.  
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The role of estrogen in HER2 activation  
 

Evidence of crosstalk between estrogen and HER2 supports the pregnancy hormone 

hypothesis [78]. HER2 is one of four (HER1-4) receptor tyrosine kinases (RTKs) 

belonging to the human epidermal growth factor receptor (HER) family. When activated, 

the HER family regulates genes associated with increased proliferation, migration, 

differentiation, apoptosis and angiogenesis [77]. HER2 induces the strongest signaling 

mechanism but it is not activated by direct ligand binding [75]. Activation requires either 

very high expression levels or formation of heterodimers with other HER family member, 

such as HER3 [75, 77]. Evidence from in vitro models of human breast cancer cell lines 

suggests that estrogen activation of HER2 is mediated by HER3 activation [78]. Estrogen 

activates HER3 through up-regulation of its ligand, heregulin (HRG) [77]. The stronger 

association observed with HER2+, ER-, PR- cases could be due to a difference in ER 

receptor measured (ERα vs. ERβ) [78]. It is also possible that HER2 works through 

different pathways associated with ER/PR status.   

Mechanisms for the association of HER2+ tumors and metastasis 
  

HER2 over-expression confers metastatic potential in cells that have not been fully 

transformed [75, 79]. It is possible that this characteristic of HER2 is responsible for the 

increased odds of HER2 tumors to be diagnosed at more advanced stages. In more recent 

models of metastasis, it is believed that dissemination of precursor or initiated cells 

happens years before tumors are diagnosed [79]. Growth in distant sites is possible to 

occur simultaneously with the primary tumor [80]. HER2 over-expression is believed to 

be an early event in cancer progression rather than an acquired phenotype [75]. Assuming 
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that ductal carcinoma in situ (DCIS) is a precursor to invasive breast cancer (IBC), early 

establishment of tumor phenotype is supported by the high frequency of HER2-positivity 

in DCIS cases, estimated at 34-67% [75, 81]. The increased likelihood of diagnosis at an 

advanced stage relative to other subtypes is consistent with HER2’s metastatic potential 

and early expression.  

The frequency of HER2-positivity in IBC (20-30%) suggests that HER2-positivity 

alone does not necessarily result in invasion [79]. The tumor microenvironment has been 

implicated as an important cofactor in cancer progression [80]. Changes associated with 

pregnancy, including the effect of mammary gland involution on the tumor 

microenvironment, could provide the conditions necessary for dissemination or 

progression [82]. Overall, it is possible that different aspects of HER2, some hormonal 

and some mechanistic, are associated with pregnancy. These different mechanisms of 

action could explain why breast cancers diagnosed close to a recent birth are more likely 

to have a more aggressive phenotype than those diagnosed many years later.  

 

Reproductive characteristics and tumor subtype 
 

In this case-only analysis of breast cancer cases of Mexican descent, no differences 

were observed between reproductive factors and tumor subtypes, apart from the 

association between time since last FTP and HER2+ tumors previously discussed. Since 

it is possible this study was too small to estimate these effects with precision, a couple of 

suggestive differences will be discussed in relation to findings from other case-only 

analyses. Case-only studies that have included reproductive factors have found a positive 
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association between TN cases and increased parity [57, 61, 63, 64], as well as with 

shorter duration of breastfeeding [64] [63]. No consistent associations between 

reproductive factors and HER2+ cases were reported to warrant further discussion [57, 

61, 63]. 

A. Association between parity and TN breast cancer, relative to ER+/PR+ cases 
 
 

In this study, the difference in total number of full-term pregnancies (treated as a 

continuous variable) between TN and ER+/PR+ was modest (OR=1.04; 95% CI, 0.93-

1.16). Positive associations between higher parity and TN cases, relative to ER+/PR+ or 

Non-TN cases, were reported in three case-only analyses [57, 61, 64]. The strongest 

association was found by Shinde et al. who compared women with ≥3 births (vs. none) 

were more likely to be TN than Non-TN, (OR=2.76; 95% CI, 1.86-4.08) [64]. Trivers et 

al. also found a stronger association with TN cases relative to ER+/PR+ cases, among 

women with ≥4 births vs. none (OR=2.40; 1.24-4.64) [61] as did Millikan et al. (≥3 births 

vs. none: OR= 1.7; 95% CI, 1.0-2.9) [57].  

A possible reason for the weaker association with increased number of births in this 

study is the choice of parity variables. Studies that used a single variable for parity  (i.e. 

nulliparous, 1-2 births, ≥3 births) vs. two separate variables (i.e. ever pregnant and 

number of full-term births) are likely to capture some of the effect of ever giving birth 

together with the putative effect of multiple births. In this study, the variable ever 

pregnant (no/yes) is assumed to capture the general effect of parity. Number of full-term 
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pregnancies is intended to capture the effect of increasing number of births among parous 

women.  

TN cases were 20% more likely to have ever been pregnant compared to ER+/PR+ 

(OR= 1.19; 95% CI, 0.55-2.56). To demonstrate the effect of categorization on the 

estimates, both parity variables were merged into a single variable similar to Trivers et al. 

(≥4 births vs. nulliparous), which resulted in a stronger association between TN cases and 

a greater number of births relative to ER+/PR+ cases (OR=1.63; 95% CI, 0.74-3.58). 

Shinde et al., also illustrate the difference in estimates of the association between TN and 

parity depending on the selection of the reference category (i.e. including or excluding 

nulliparous women). When nulliparas were the referent category, TN cases had 2.76 the 

odds of ≥3 full-term pregnancies relative to Non-TN cases (OR= 2.76; 95% CI 1.86-

4.08)[64]. Limiting the comparison to parous women (≥3 full-term pregnancies vs. 1-2 

full-term pregnancies) greatly attenuated the estimate (OR= 1.47; 95% CI, 1.14-1.89) 

[64].  By including nulliparas, the present study found an association between TN breast 

cancer and parity consistent with the one reported by others [57]. 

B. Association between breastfeeding duration and TN tumor subtype 
 

TN cases were more likely to breastfeed regardless of the breastfeeding variable used 

in the analysis (ever, lifetime duration, after the last birth, and duration after the last 

birth), relative to ER+/PR+ or Non-TN cases. The association between TN cases and 

longer breastfeeding duration was in the opposite direction to the one reported by other 

case-only analyses [57, 61, 63, 64]. One case-only study found a positive association 

between shorter duration of breastfeeding and TN cases relative to Non-TN cases, which 
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was strongest among Hispanics [64].  Three others reported a similar trend in the 

association between shorter duration of breastfeeding and TN breast cancer [57, 61, 63].  

One possible reason for the inverse association could be due to the over-reporting of 

breastfeeding by women of Mexican-descent cases. However, this is unlikely because 

long duration and high prevalence of breastfeeding is consistent with Mexican breast 

cancer case-control studies [9] [83]. Over-reporting is likely to result in non-differential 

misclassification, which would have the effect of biasing results towards the null. There 

is no reason to believe that women would report breastfeeding practices differently by 

tumor subtype.  

Although it is possible that breastfeeding duration is inaccurate, studies of 

breastfeeding-related practices have concluded that recall of ever breastfeeding is highly 

reliable even if duration is less accurate [84, 85]. In this study, the association with 

breastfeeding did not change depending on the breastfeeding variable used in the 

analyses. The variable for breastfeeding after the last pregnancy (yes/no) provided the 

best model fit and was used throughout analyses. Assuming that recall of ever 

breastfeeding after the last birth is similar to lifetime ever breastfeeding, over-reporting is 

unlikely to be the cause of the observed association.   

Another explanation considered is that the association reflects lack of adjustment by 

number of births. Lifetime duration, measured as total number of months, is correlated 

with number of births. However, models of breastfeeding variables adjusted for total 

number of births did not affect the estimates of the association observed. Shinde and 

colleagues compared the association of breastfeeding relative to women who never 
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breastfed among parous women only and among all women. The effect of breastfeeding 

was the same in both groups [64]. Results from this study and those presented by Shinde 

et al., suggest that breastfeeding may act through different mechanisms than those related 

to parity.  

The inconsistency between this study and Shinde’s could be due to lack of adjustment 

by socioeconomic status (SES) and/or other social characteristics such as acculturation. 

In the U.S. breastfeeding practices vary by level of acculturation. Less acculturated 

Hispanics tend to initiate breastfeeding more often and breastfeed for longer than more 

acculturated Hispanic women [86, 87]. Furthermore, in the U.S., never breastfeeding is 

associated with low SES [86], while in Mexico it is associated with high SES [83]. The 

possibility that breastfeeding practices capture other characteristics associated with tumor 

subtype cannot be ruled out.  

Strengths and limitations 
 

The present study is one of the largest to study the association between reproductive 

characteristics by tumor subtype in a case series of women of Mexican-descent. Other 

studies on the topic have included relatively small numbers of Hispanic cases (~300), 

possibly limiting their generalizability in this understudied population [63, 64, 68]. By 

only including cases self-identified as of Mexican origin, this study reduces the 

possibility of confounding by factors associated with country of origin among Hispanics 

[88]. Furthermore, by recruiting women from Mexico and the U.S., the Ella study 

provides a unique opportunity to study the effects of reproductive factors among women 
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from two countries, contributing to the understanding of breast cancer in the U.S. and 

Mexico. Mexico has much lower rates of breast cancer compared to the U.S. [3] but 

mortality from breast cancer has increased 18% from 7.7 deaths per 100,000 women to 

9.04 per 100,000 women between the periods of 1985-1989 and 2005-2007 [89]. 

Previous studies in the U.S. have failed to explain the majority of breast cancer incidence 

in relation to traditional breast cancer risk factors [37]. This study contributes to the 

understanding of breast cancer risk factors among Hispanics.   

Breast cancer among younger women is relatively rare. However, in Mexico breast 

cancer diagnosed among younger women accounts for a large portion of the mortality 

associated with breast cancer [5]. Due to the impact on years of life lost, early-onset 

breast cancer carries greater consequences than breast cancer diagnosed at an advanced 

age. The causes of early-onset breast cancer and reasons for its aggressiveness are not 

well understood. By investigating the effects of a recent birth among women ≤50, the 

present study contributes to the greater understanding of early-onset breast cancer.  

The Ella study collected detailed information on each pregnancy, allowing for an in-

depth investigation into the association between tumor subtypes and reproductive factors. 

This study is one of not many that have analyzed the association between a recent 

pregnancy and tumor subtype.  

  Results from this study should also be considered in light of its limitations. As a 

study exclusively of breast cancer cases, it is not possible to estimate the risk of each 

subtype in the general population. Studies that have incorporated both case-only and 

case-control analyses of their data [57, 61] have demonstrated that case-only analyses can 
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provide insight into the directionality of an association in reference to another subtype. A 

potential problem lies in the interpretation of the relative association. For example, it is 

possible that the association with increased parity and TN cases consistently reported in 

case-only analyses is capturing the association between decreased parity and ER+/PR+ 

breast cancer. Without a disease-free control population, it is difficult to know the context 

of the association.  

Another limitation is the lack of centralized pathologic assessment of tumor markers. 

The information used to classify cases into the distinct subtypes was based on 

information found in medical records. Variation between laboratories could lead to 

potential misclassification. Wherever possible, classification as negative or positive was 

based on numeric values such as percent cells staining positive for ER and PR status. 

Approximately 20% of ER and PR status was determined solely on interpretation without 

numerical value. This percentage was much lower (~10%) for HER2. Assuming U.S.-

based laboratories follow CAP/ASCO recommendations, the level of misclassification 

should be minimal. Ella staff is currently in the process of creating tissue microarrays 

(TMAs) from tissue obtained from the primary tumor. Centralized verification of tumor 

marker status will be possible upon completion.  

A large number of recruited cases (n=389) were excluded due to missing tumor 

marker information. To assess the possibility of selection bias, cases with complete vs. 

incomplete tumor markers (ER, PR, HER2) were compared for differences in the number 

of full-term pregnancies and time since pregnancy. No significant differences were found 

between the two groups. 
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The estimates of the association between HER2+ tumors and time since last birth are 

only relevant to women with one or more pregnancies ≤50 years at diagnosis. Due to 

sample size constraints, assessment of effect modification was not possible for certain 

variables of interest such as menopausal status. The interval of time of 10 years is big and 

associations between other subtypes could have been masked. Due to the relatively low 

number of nulliparous women, it was not possible to assess the joint effect of pregnancy 

and time, which would provide estimates generalizable to a larger population.   

   

Conclusion 
 

The association between HER2+ tumors and time since last pregnancy supports the 

hypothesis that breast cancer diagnosed within a recent pregnancy is associated with 

more aggressive tumor biology. These findings should be verified in other populations of 

younger women. Better understanding of the mechanisms of action underlying this 

association is necessary to identify treatment opportunities for this segment of patients 

with relatively poor prognosis.   
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