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Abstract

Background: Women diagnosed with breast cancer prior to age 45 years (<45y) and within 

the first 5 years postpartum (postpartum breast cancer, PPBC) have the greatest risk for distal 

metastatic recurrence.

Methods: Pooling data from the Colorado Young Women Breast Cancer cohort and the Breast 

Cancer Health Disparities Study (N=2519 cases), we examined the association of parity, age, and 

clinical factors with overall survival (OS) of breast cancer over 15 years of follow-up.

Results: Women with PPBC diagnosed at <45y had the lowest OS (p<0.0001), while OS of 

nulliparous cases diagnosed at <45y did not differ from OS of cases diagnosed 45–65y regardless 

of parity status. After adjustment for study site, race/ethnicity, clinical stage, year of diagnosis, and 

stratification for estrogen receptor status, PPBC remained an independent factor associated with 

poor OS. Among cases diagnosed at <45y, nulliparous cases had 1.6 times better OS (hazard ratio 

(HR)=0.61, 95%CI 0.42–0.87) compared to those with PPBC, with a more pronounced survival 

difference among stage I breast cancers (HR=0.30, 95%CI 0.11–0.79). Among very young women 

diagnosed at age ≤35y, nulliparous cases had 2.3 times better OS (HR=0.44, 95%CI 0.23–0.84) 

compared to PPBC.

Conclusion: Our results suggest that postpartum status is the main driver of poor prognosis in 

young women with breast cancer, with the strongest association in patients diagnosed at age ≤35y 

and in those with stage I disease.
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Introduction:

Annually in the United States, there are ~27,000 newly diagnosed cases of breast cancer in 

women aged less than 45 years (<45y)1. Although the definition of young women’s breast 

cancer (YWBC) is inconsistent, we define YWBC as breast cancer diagnosed <45y, given 

the increasing frequency of women having children at older ages2, 3 and the association 

between recent parity and increased breast cancer incidence4–6. YWBC has an increased risk 

of recurrence and death7, 8. Breast cancer-specific mortality is increased 1.4–2.0 times in 

young compared to older women9, 10. Moreover, the improvement in survival has been less 

in YWBC, with survival disparities between younger and older patients getting worse since 

197511 and incidence of metastatic breast cancer in young women raising by 2% per year12.

Adverse outcomes in YWBC are in part due to delayed diagnosis and advanced disease 

presentation in the absence of screening for women <40y7. Another factor contributing to 

worse survival is the increased proportion of aggressive biologic subtypes in YWBC7–9, 11. 

Nevertheless, the association between young age at diagnosis and adverse outcomes is the 

strongest among women with luminal and early-stage disease9, 13, 14. A large retrospective 

study demonstrated that compared to patients diagnosed at age 51–60y, those diagnosed at 

<40y with luminal A or B tumors had significantly increased risk of breast cancer-specific 

death, whereas the hazard ratios (HRs) were not significant in triple negative and HER2-

positive subtypes14. Multiple studies demonstrated that after adjustment for stage, tumor 

subtype and other prognostic tumor characteristics, young age at diagnosis is an independent 

risk factor for relapse and breast cancer related death7, 9, 10, 13, 14.

A substantial proportion of patients diagnosed with breast cancer at <45y are cases with 

postpartum breast cancer (PPBC) defined as breast cancer diagnosed within the first 5 years 

after childbirth. The greatest increased risk for distal recurrence is seen among women 

diagnosed within 5 years2, though the negative effect persists for those diagnosed up to 10 

years from last childbirth2, 3. These negative outcomes are specific to PPBC2, 3, 15, 16 and not 

found in breast cancer diagnosed during pregnancy17, 18. Overall survival (OS) of patients 

diagnosed and treated during pregnancy is similar to OS of non-pregnant patients17, 18, while 

PPBC cases are more likely to have worse outcomes2, 3, 15, 19–21.

Using a pooled dataset of 2,519 cases, we examined the association of parity, age at 

diagnosis and other clinical factors with OS in women diagnosed with breast cancer at 

age ≤65y. Importantly, given our large sample size, we were able to stratify the case sample 

to examine the relationship between two additional features; a very young age at diagnosis 

(defined as ≤35y, an independent negative prognostic factor within YWBC9) and early 

disease stage at diagnosis, with parity status and OS in YWBC.

Methods:

Study sample:

We pooled data from the Colorado Young Women Breast Cancer (YWBC) Cohort, and the 

Breast Cancer Health Disparities Study (BCHDS) (Fig. 1). The Colorado YWBC Cohort 

has been previously described2, 3. Patients diagnosed at age ≥18 years were prospectively 
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recruited from 2004–2014, or retrospectively identified using tumor registry and electronic 

medical record search for the presence of a breast cancer diagnosis from 1981–2003. The 

BCHDS22, 23 was comprised of three population-based case-control studies, two of which 

were included in this analysis: the 4-Corners Breast Cancer Study24 and the San Francisco 

Bay Area Breast Cancer Study25, with cases diagnosed at age 25–79y from 1995–2004. A 

total of 5,802 cases were available. This study was approved by the Institutional Review 

Boards of all participating institutions.

We limited the study sample to cases diagnosed at ≤65y to minimize the risk of non-breast 

cancer related deaths. We defined YWBC as diagnoses at <45y2, 26, and breast cancer in 

very young women as diagnoses at ≤35y9. We distinguished cases with a breast cancer 

diagnosis within 5 years of last childbirth (PPBC)3, or more than 5 years since last childbirth 

(Parous>5). Nulliparous cases had no reported childbirth prior to breast cancer diagnosis. 

We categorized cases into 5 subgroups according to parity and age at diagnosis: Nulliparous 

<45y, PPBC <45y, Parous>5 <45y, Nulliparous 45–65y, and Parous>5 45–65y. We did not 

include PPBC cases diagnosed at age 45–65y, as the number of cases was too small for 

analysis.

Of 5,802 cases, 3,283 cases were excluded from the study because of a history of a second 

primary tumor, in situ diagnosis, diagnosed at >65y, or missing data on vital status, age at 

diagnosis, ER status, clinical stage, or time since last childbirth (Fig. 1). Additionally, we 

excluded 13 PPBC 45–65y cases. The final study dataset included 2,519 cases.

Definitions for clinical and pathologic parameters:

Clinical stage was defined according to American Joint Committee of Cancer Staging 

Manual (7th edition). Cancer biologic subtypes were defined as follows: Luminal A 
subtype: estrogen receptor positive (ER+) and progesterone receptor positive (PR+), Human 

epidermal receptor-2 negative (HER2-); Luminal B subtype: ER+ and HER2+ with any PR 

status, or ER+, PR- and HER2-; HER2+ subtype: ER-, PR-, and HER2+; Triple negative 
(TNBC) subtype: ER-, PR-, and HER2-. For analyses, cases were categorized as ER+ or 

ER-, given missing HER2 status for many cases. Body mass index (BMI) was calculated as 

weight (kilograms) divided by height squared (meters). BMI was missing for 903 cases.

Study endpoint:

Primary outcome was OS, defined as the percentage of cases alive at 5, 10 and 15 years after 

breast cancer diagnosis. OS was collected for the Colorado YWBC cohort through tumor 

registry data and medical record review. For the BCHDS, OS was obtained via linkage with 

the cancer registries.

Statistical approach:

Data fields within BCHDS were harmonized22 and then the two studies were harmonized 

to assure common definitions. The main variable requiring integration was the parity data, 

where the time (in years) between last childbirth and date of diagnosis were uniformly 

identified for all parous cases. Variables of interest were merged in SAS 9.4 (SAS institute) 

and stored in RedCap. Statistical analysis was performed in PRISM 7.0 (GraphPad), or 
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SAS 9.4. P-values <0.05 were considered statistically significant, except in Table 1 where 

p<0.0025 was considered significant after correction for multiple comparisons. Chi-square, 

or Fisher’s exact test were used to evaluate differences in categorical variables, one-way 

ANOVA was used for continuous variables. We estimated OS probabilities by the Kaplan-

Meier method and compared survival among subgroups by log rank test. Multivariable 

Cox proportional hazard models were applied to estimate hazard ratios (HRs) and 95% 

confidence intervals (CIs) after adjustment for study site, race/ethnicity, clinical stage, and 

diagnosis year categorized as <1999 (bone marrow transplant era), 1999–2003 (treatment 

dominated by chemotherapy), and 2004–2007 (adjuvant HER2-targeted agents became 

available) and 2008–2014 (current treatment based on biologic subtype and genomic data). 

ER status was treated as the stratum variable assuming that the baseline hazard function 

differed between ER+ and ER- disease. We performed an exploratory analysis to look at 

frequency of TNBC and HER2+ cases among YWBC, as we have not found an increased 

frequency of the TNBC and HER2+ in PPBC previously2,3, though that is often assumed the 

reason for poorer prognosis in PPBC. Cases were censored at date of last follow-up, or if 

they were alive past 15 years from the cancer diagnosis.

Results:

Characteristics of study sample

We compared the clinical and pathologic parameters among the subgroups classified by 

parity and age at diagnosis (Table 1). Cancer histology, tumor stage, grade, ER and PR 

status did not differ within the subgroups of cases diagnosed at <45y, and cases 45–65y. 

There were significant differences between cases diagnosed at <45y and those diagnosed at 

45–65y for BMI, race/ethnicity, cancer biologic subtype, tumor stage, grade, ER status and 

menopausal status (p<0.001). Older patients had higher BMI and younger patients had more 

advanced stage, higher grade, and a greater proportion of ER negative cases. Overall, ~70% 

of women diagnosed with breast cancer <45y were parous, and ~30% were diagnosed within 

5 years of their most recent childbirth. There was a strong correlation between menopausal 

status and age (Pearson’s r=0.94, p=0.002). Multivariable regression models were adjusted 

for study site, race/ethnicity, tumor stage, and ER status. In an exploratory sub-set analysis, 

among cases with complete biologic subtype information [n=849], the proportion of TNBC 

and HER2+ cases were similar for parity-based subgroups within each age category (Fisher 

exact test p<0.05).

Overall survival

Comparing OS among the five subgroups (Fig. 2, Table S1), women diagnosed at <45y 

had worse survival than those diagnosed at 45–65y (p<0.001; Fig. 2A), and in women 

<45y survival differed by parity status. PPBC cases diagnosed at <45y had the lowest OS 

compared to all other subgroups (p<0.0001; Fig. 2B), whereas survival of Nulliparous <45y 

cases and Parous>5 <45y cases did not differ compared to all cases 45–65y. At 15 years 

of follow-up, survival probability was 65% for PPBC <45y cases, compared to 75% and 

71% for Nulliparous <45y cases and Parous>5 <45y cases, respectively, and 76–78% for 

cases 45–65y regardless of parity status. In multivariable models (Table 2), compared to 

PPBC <45y cases, all other subgroups had better survival. OS was highest for Nulliparous 
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<45y compared to PPBC <45y cases (HR=0.61, 95%CI 0.42–0.87). Additional analysis 

showed that negative effect of post-partum status on OS persisted up to 10 years after 

the last childbirth, while survival of Nulliparous <45y remained significantly better (Table 

S2). Furthermore, removal of the menopausal patients from the study groups did not alter 

the outcomes in multivariate analysis with significant OS difference between PPBC and 

Nulliparous <45y (Table S3).

Very young age at diagnosis and parity comparison

Given the known poor prognosis of a very young age at breast cancer diagnosis7, we 

examined the impact of parity on OS between cases diagnosed at ≤35y and 36–44y (Fig. 

3, Table S1). The survival curves separated based on youngest age at diagnosis and parity. 

At 15 years of follow-up, PPBC cases diagnosed at ≤35y had the worst OS of only 63% 

(p<0.001, Fig. 3), compared with 71% and 67% for Nulliparous cases and Parous>5 cases 

diagnosed at ≤35y, respectively. PPBC cases diagnosed at 36–44y had a 67% OS, compared 

with 75% and 72% for Nulliparous cases and Parous >5 cases, respectively. In multivariable 

models (Table 2), PPBC status remained the main factor negatively affecting survival of 

very young cases, whereas Nulliparous cases had better outcomes regardless of age. Among 

cases diagnosed at ≤35y, OS of Nulliparous cases was 2.3 times better (HR=0.44, 95%CI 

0.23–0.84) than PPBC cases diagnosed at ≤35y. Survival of PPBC cases was poor regardless 

of age at diagnosis (≤35y vs. 36–44y).

Overall survival of patients with stage I breast cancer is influenced by parity in YWBC

We explored the influence of parity on OS in cases diagnosed at <45y with stage I disease 

(Fig. 4, Table S1). We observed statistically significant differences in OS between Stage 

I PPBC <45y cases and all other stage I subgroups (p<0.0001, Fig. 4). PPBC <45y cases 

had an OS of only 72% at 15 years of follow-up in comparison with an 84–88% range for 

the other groups. In multivariable models (Table 2), OS of Nulliparous <45y and Parous>5 

<45y cases were significantly higher (HR=0.30, 95%CI 0.11–0.79, and HR=0.46, 95%CI 

0.22–0.99, respectively) compared to stage I PPBC <45y cases. Exploratory analysis showed 

that in patients with stage II disease, there was a trend towards better survival of Nulliparous 

<45y compared to PPBC <45y (p=0.08); survival of patients with stage III disease was poor 

regardless of parity (Table S4).

Discussion:

What causes the poorer prognosis of YWBC has been under examination for many years 

and the current thinking is often that all young women diagnosed with breast cancer face 

a poorer prognosis than their older counterparts. The naturally occurring childbearing years 

directly overlap with early-onset breast cancer for women aged 20–45y. Here we showed 

that ~30% of women <45y were diagnosed within 5 years of their most recent childbirth, 

demonstrating that PPBC is not a rare event. We found that women diagnosed <45y and 

within 5 years of their most recent childbirth have the poorest OS. We also found that 

OS was worse for <45y women up to ten years after their last childbirth, consistent with 

our prior findings of a smaller but significant increased risk for metastasis persisting in 

women between 5 and ten years postpartum at diagnosis.3 Among these young mothers, the 
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‘postpartum effect’ persists when clinical and pathologic factors are adjusted for, including 

stage and ER status. These data confirm the importance of the time from last childbirth as 

a highly relevant biomarker for YWBC outcomes, as we have now shown that survival is 

impacted in addition to the risk for metastasis.2,3 Indeed, the postpartum cases appear to 

be the cases driving the poor prognosis of YWBC, as we showed, for the first time, that 

nulliparous women <45y and parous women <45y diagnosed more than 5 years after the 

most recent childbirth have similar prognosis in comparison to women diagnosed 45–65y. 

These data highlight that not all YWBC have poorer outcomes and research focused on 

postpartum breast cancer as the highest risk subset is warranted.

Among very young women diagnosed at ≤35y, where age already impacts prognosis7, we 

show for the first time that a PPBC diagnosis confers a significantly poorer OS, with a 

survival probability of only 63% by 15 years post diagnosis. Nulliparous cases had 2.3 

times better OS compared to very young PPBC cases. These data highlight for the first time 

the importance of parity status among our very young cases as a driving feature for worse 

survival. We also noted that 15-year survival of Parous>5 ≤35y cases (67%), and PPBC 

36–44y cases (67%) was worse in comparison to Parous>5 36–44y cases or nulliparous 

cases. These findings are consistent with our analysis of OS defining PPBC up to 10 years 

after the last childbirth for the <45y cases, as more women in the younger group are within 

ten years as opposed to beyond ten years postpartum.

Even when the ‘best case scenario’ of an early stage I diagnosis occurs in young women, 

which we found in only ~30% of cases, prognosis was significantly worse for PPBC <45y 

cases. A nulliparous young woman has a 3.3 times better chance of surviving a stage I 

diagnosis than her young mother counterpart.

Our study has several strengths. It is a large cohort across multiple geographic areas with 

Hispanic women accounting for 38% of cases. It has sufficient clinical detail to permit 

for important statistical adjustments [i.e., stage and ER status]. It is the first study that 

has compared OS of YWBC stratified by parity status and the additional factor of very 

young age. It is also the first study to compare these YWBC subgroups with outcomes of 

women diagnosed 45–65y, allowing the contribution of parity as a poor risk factor, and 

conversely, nulliparity or later parous status as a favorable risk factor, to be highlighted in 

comparison to a more common age range of diagnosis. These data demonstrate the “one risk 

fits all” thinking of higher risk for YWBC is not accurate. There are some limitations to 

the study. BMI and tumor grade were not included in multivariable model because of cases 

with missing values. Missing HER2 status prevented full analysis of biologic subtypes and 

adjustment of survival probabilities for cancer subtype beyond ER. Lastly, we were not able 

to adjust for treatment, and instead adjusted for year of diagnosis as a surrogate.

The poorer survival of women with PPBC may have multiple underlying mechanisms15, 27. 

The postpartum changes in the breast at the time of involution (weaning) are sufficient 

to increase tumor invasion and metastasis in murine models28, 29 and similar changes are 

present in the healthy breast tissue of post-lactating women30. Moreover, these changes are 

durable, explaining how a biologic window could alter prognosis of a subsequent breast 

cancer years into the future31. Recent research has suggested potential targets for PPBC 
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interventions, including pathways related to lymphangiogenesis and immune modulation, 

and offering hope for reversing the poor prognosis15, 27.

In conclusion, this study highlights the poor survival for women diagnosed <45y with 

PPBC across a large and diverse cohort. We hope to bring enhanced recognition to the 

postpartum conundrum of YWBC and emphasize the opportunity to systematically collect 

parity data, asking the age at most recent childbirth prior to diagnosis, to better hone our 

knowledge of the ‘postpartum effect’. PPBC remains an under-recognized high-risk breast 

cancer group. In published research, YWBC are commonly grouped together regardless 

of parity, or early PPBC cases are grouped with breast cancer arising during pregnancy 

as “pregnancy associated breast cancer”, which obscures the different outcomes in these 

biologically distinct groups2, 19. We demonstrate that PPBC is an independent adverse 

prognostic factor for breast cancer survival and potentially a main factor determining poor 

OS in YWBC. With improved understanding of the factors driving prognosis in PPBC, we 

can achieve tailored management of this breast cancer group that faces the greatest need to 

improve survival.
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Highlights:

• Postpartum breast cancer (PPBC) is diagnosed within 5 years since childbirth

• In multivariate analysis, PPBC an independent driver of poor prognosis

• Young women with PPBC have the worst overall survival (OS) at 15 years of 

follow up

• Negative effect of PPBC on OS is the greatest in patients diagnosed at ≤35 

years

• Even in stage I disease, negative effect of PPBC on OS is significant
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Fig. 1. 
Consort diagram, selection of patients for survival analysis
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Fig. 2. 
Overall survival (OS) in years (N=2,519) grouped by age (A) and by age at diagnosis and 

parity status (B); number of cases at risk is indicated; Nulli – Nulliparous cases; 15y OS – 

overall survival 15 years post diagnosis
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Fig. 3. 
Overall survival (OS) cases <45 years (N=1,173) grouped by age at diagnosis and parity 

status; number of cases at risk is indicated; Nulli – Nulliparous cases; 15y OS – overall 

survival 15 years post diagnosis
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Fig. 4. 
Overall survival (OS) cases with stage I disease (N=1,037) grouped by age at diagnosis 

and parity status; number of cases at risk is indicated; Nulli – Nulliparous cases; 15y OS – 

overall survival 15 years post diagnosis
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Table 2.

Multivariable adjusted overall survival hazard ratios among women with breast cancer, by age at diagnosis and 

parity status

Group Subgroup by age/parity N Deaths (%) HR
a

95%CI
b

All cases (N=2,519)

PPBC <45y 333 78 (23.4)
Ref

c

Nulliparous <45y 340 50 (14.7) 0.61* 0.42–0.87

Parous>5 <45y 500 105 (21.0) 0.78 0.57–1.04

Nulliparous 45–65y 216 40 (18.5) 0.71 0.48–1.06

Parous>5 45–65y 1130 213 (18.9) 0.67* 0.50–0.89

<45y (N=1,173)

PPBC ≤35y 128 33 (25.8) Ref

Nulliparous ≤35y 123 13 (10.6) 0.44* 0.23–0.84

Parous>5 ≤35y 45 10 (22.2) 0.62 0.31–1.24

PPBC 36–44y 205 45 (22.0) 0.79 0.48–1.28

Nulliparous 36–44y 217 37 (17.0) 0.55* 0.33–0.91

Parous>5 36–44 455 97 (21.3) 0.68 0.44–1.05

Stage I (N=1,037)

PPBC <45y 88 13 (14.8) Ref

Nulliparous <45y 124 6 (4.8) 0.30* 0.11–0.79

Parous>5 <45y 176 15 (8.5) 0.46* 0.22–0.99

Parous>5 45–65y 537 59 (10.9) 0.56 0.28–1.10

Nulliparous 45–65y 112 14 (12.5) 0.61 0.28–1.36

a
HR - hazard ratio;

b
CI – confidence interval;

c
Ref – reference category; death (%) - unadjusted number of deaths and deaths rate; HRs were adjusted for study site, race/ethnicity, diagnosis 

year, and clinical stage and stratified for ER status; survival time was censored at 15 years post diagnosis;

*
p≤0.05
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