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Abstract

Background—Given presumed differences in disease severity between young (< 45 years) and
elderly (= 75 years) women with breast cancer, we sought to compare tumor histopathology, stage
at presentation, patterns of care, and survival at the extremes of age.

Methods—Adults with stages 0-1V breast cancer in the National Cancer Database (2004-2015)
were categorized by age (18-45 years, 46—74 years, = 75 years) and compared. Kaplan—Meier
curves were used to visualize unadjusted overall survival (OS). A Cox proportional-hazards model
was used to estimate the effect of age group, including adjustment for tumor subtype [hormone
receptor [HR]+/HER2-, HER2+, triple-negative (TN)].

Results—Of the 1,201,252 patients identified, 13% were < 45 years and 17.5% were = 75 years.
Women < 45 years were more likely to have higher pT/N stages and grade 3 disease compared to
older patients; however, rates of de novo cM1 disease were comparable (3.7% vs 3.5%). HER2+
and TN tumors were more common in those < 45 years (HER2+ : 18.6% vs 9.2%; TN: 14.9% vs
8.2%), while HR+/HER2- tumors were more likely in women = 75 years (69.3% vs 51.3%) (all p
< 0.001). Younger patients were more likely to undergo mastectomy vs lumpectomy (56% vs
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34%), and receive chemotherapy (65.8% vs 10.2%) and radiation (56.2% vs 39.5%). After
adjustment, OS was worse in older patients (older HR 2.94, Cl 2.86-3.03).

Conclusions—High-risk tumor subtypes and comprehensive multimodal treatment remain
significantly more common among younger women (< 45 years) with breast cancer, yet, elderly
women are similarly diagnosed with incurable de novo metastatic disease. Tailored screening and
treatment strategies are critical to prevent age-related disparities in breast cancer care.
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Introduction

Methods

Among younger breast cancer patients, high-risk tumor subtypes and more advanced tumor
and nodal stages at presentation have warranted comprehensive evaluation and treatment,
while de-escalation of therapy has overwhelmingly been endorsed in older women with
presumably favorable tumors. Breast cancer is the most common cancer in elderly women in
the United States (US) [1], but it also affects more than 12,000 women < 40 years old each
year [2]. Furthermore, breast cancer is the most common cause of cancer-related deaths in
women under 40 years old in the US with survival rates often lower than those observed in
older women [2].

Numerous studies have investigated the biology and treatment of breast cancer at the
extremes of age. Young women in particular have been extensively studied with reports of
more aggressive disease, more extensive treatment, and concerns for worse survival [3-5].
Breast cancer in “young” women has been ill-defined, and those diagnosed at younger ages
are often compared to women of any age greater than the defined limit (usually 40 years or
45 years) [3, 6]. Similarly, elderly women have also been a population of strong interest with
numerous large studies evaluating the optimal treatment for this aging population with
competing comorbidities [7]. While some studies have focused on histology [8], most have
evaluated treatments and outcomes with a particular focus on de-escalating therapy [9-12].

Given the aging population in the US and advancements in modern breast cancer treatments,
we sought to compare tumor histopathology, disease stage, contemporary patterns of care, as
well as survival trends in breast cancer patients at the extremes of age.

The National Cancer Database (NCDB) was used to select adult patients diagnosed with
ductal carcinoma in situ (DCIS), invasive non-metastatic, and metastatic breast cancer from
2004 to 2015. Patients with missing or unknown clinical TNM stage, grade, estrogen
receptor (ER) status, progesterone receptor (PR) status, treatment information (surgery,
chemotherapy, radiation, endocrine therapy), or survival data (including all patients
diagnosed in 2015) were excluded. Patients were categorized by age as < 45 years, 46—74
years, and = 75 years. Patients were categorized as DCIS if their ICD-0-3 behavior code
was two (meaning ‘in situ’) and they were pT0/IS, pNO, and pMO0/X if pathologic data were
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available, or cT0/IS, cNO, and cMO if pathologic data were not available. Patients were
categorized as invasive if their ICD-0-3 behavior code was three (meaning ‘invasive’).
Invasive patients with pM1 or cM1 were categorized as metastatic, and all other invasive
patients were categorized as invasive non-metastatic. Patients with in situ behavior who
could not be categorized as DCIS were excluded.

Patient characteristics were summarized by N (%) for categorical variables, and median
(interquartile range, IQR) for continuous variables, for all patients, and by age group.
Analysis of variance (ANOVA) and Chi-square tests were used to test for differences
between groups for continuous and categorical variables, respectively. Of note, although all
groups were compared (all data included), we primarily report and discuss the comparisons
between the extremes of age (< 45 years and = 75 years).

Overall survival (OS) was defined as the time from diagnosis to death or last follow-up.
Kaplan—Meier curves were used to visualize the unadjusted OS, and 5-year and 10-year
survival rates and 95% confidence intervals (CI) were reported. A Cox proportional-hazards
model was used to estimate the effect of age group and diagnosis (DCIS, invasive non-
metastatic, and invasive metastatic) on OS after adjustment for known covariates, and hazard
ratios (HR) and 95% CI were reported. All models were adjusted for year of diagnosis,
gender, race/ethnicity, insurance status, income level, education level, facility type, facility
location, distance traveled, Charlson/Deyo Comorbidity Score, histology, tumor grade, cT
stage, cN stage, ER status, PR status, surgery type, radiation therapy, chemotherapy, and
endocrine therapy. Additional adjusted survival models were conducted separately for each
diagnosis. In order to account for the correlation of patients treated at the same facility, a
robust sandwich covariance estimator was used for all adjusted survival models. Only
patients with available data for all covariates were included in each model, and effective
sample sizes were reported for each table/figure.

Of note, HER2 (human epidermal growth factor receptor 2) status is only reliably reported
for patients diagnosed in 2010 and after. Therefore, subset analyses of these patients were
conducted, in order to allow for adjustment for tumor subtype [(1) hormone receptor-
positive/HER2-negative, (2) HER2-positive, (3) triple-negative breast cancer].

A pvalue < 0.05 was considered statistically significant, and no adjustments were made for
multiple comparisons. All statistical analyses were conducted using SAS, version 9.4 (SAS
Institute, Cary NC). This study was approved by the Institutional Review Board.

Of the 1,201,252 patients identified (Supplemental Table 1), 13% were < 45 years
(‘younger’; N=156,240) and 17.5% were > 75 years (‘older’; /= 210,095) (Supplemental
Fig. 1). Median follow-up was 58.7 months (95% CI 58.6-58.8) for all patients. Compared
to women < 45 years, those = 75 years were more likely to be non-Hispanic white (82% vs
66.2%). By contrast, a higher proportion of patients < 45 years were non-Hispanic Black
(14% vs 7.5%) or Hispanic (8.5% vs 2.7%), compared to those = 75 years. Although
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education levels were similar for both age groups, a higher proportion of younger patients
had an income = $48,000 (66.5% vs 61.6%). (Table 1).

Anatomic stage at presentation

Clinical and pathological T/N stages were significantly different between age groups (all p<
0.001) and were generally more advanced in younger patients compared to those = 75 years.
The median tumor size in younger patients was 2 cm, compared to 1.5 cm in older patients
(p<0.001). Older patients were more likely to be cNO (87.7% vs 74.2%, p < 0.001). Women
< 45 years were more likely to have higher pathological N stage, with 18.4% and 6% of
younger women presenting with pN1 and pN2 disease, respectively, vs 10.5% and 3.3% of
older women (p < 0.001). Notably, rates of de novo cM1 disease were comparable at the
extremes of age (younger 3.7% vs older 3.5%, p < 0.001), although women < 45 years had
slightly higher rates of biopsy-proven pM1 disease (younger 1.4% vs older 0.8%, p < 0.001).
(Table 2).

Tumor histopathology

Tumor grade was significantly different between younger and older patients, with women <
45 years more likely to have grade 3 disease when compared to patients = 75 years (48.6%
Vs 27%, p < 0.001). A lower proportion of younger patients were diagnosed with invasive
lobular carcinoma compared to older patients (14.7% vs 21.5%, p < 0.001). Tumor subtype
differed between younger and older patients, with hormone receptor-positive/HER2-negative
tumors less likely in those < 45 years (51.3% vs 69.3%), while HER2-positive and triple-
negative tumors were more common in those < 45 years (HER2-positive: younger 18.6% vs
older 9.2%; triple-negative: younger 14.9% vs older 8.2%). When reported, Oncotype DX
scores were similar between younger and older patients (median score: < 45 years = 17 vs >
75 years = 16) (Table 2).

Patterns of care

In general, younger patients were more likely to receive comprehensive multimodal
treatment (surgery, systemic therapy, and radiation) compared to older patients (Fig. 1). A
higher proportion of patients < 45 years underwent mastectomy than those = 75 years (56%
vs 34%), and they were less likely to forego breast surgery when compare to older women
(4.6% vs 8.8%). Younger patients were more likely to receive chemotherapy (65.8% vs
10.2%, p< 0.001) and radiation (56.2% vs 39.5%, p < 0.001). Among patients with ER-
positive and/or PR-positive disease only, endocrine therapy was also more common among
younger patients (75.7% vs 64.7%, p < 0.001).

Survival outcomes

Women = 75 years had worse unadjusted OS compared to younger patients (Fig. 2), a
finding that remained true after adjustment for all diagnoses (younger REF, older HR 2.944,
Cl 2.862-3.028, p< 0.001) (Supplemental Table 2). When stratified by stage (Stage 0:
DCIS, Stages I-I1l: invasive non-metastatic, and Stage IV: invasive metastatic), the strength
of the association weakened with increased disease severity (Table 3). For example, older
patients with DCIS had a much higher risk of death compared to younger patients (younger
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REF, older HR 7.191, CI 6.280-8.235, p< 0.001), in contrast to those with invasive
metastatic disease where the risk of death was more similar (younger REF, older HR 1.566,
Cl 1.479-1.659, p< 0.001) (Table 3).

Similar trends in OS were observed in subgroup analyses of all patients with invasive
disease where HER2 status was routinely reported in 2010 and after (younger REF, older
HR 2.732, Cl 2.623-2.844, p< 0.001) (Supplemental Table 3). When stratified into invasive
non-metastatic and metastatic subgroups, the strength of the association again weakened for
older patients with invasive metastatic disease in this same period (younger REF, older HR
1.671, Cl 1.548-1.804, p< 0.001) (Supplemental Table 4).

Discussion

Breast cancer is the most common cancer diagnosis in women in the US [1], and of the over
one million patients initially identified, women < 45 years and those = 75 years represented
comparable proportions (13% vs 17.5%, respectively). Although numerous studies have
investigated breast cancer features at the extremes of age, few have compared them directly.
As such, our study represents one of the largest to directly compare tumor histopathology,
stage of presentation, and patterns of care in the young and elderly. Compared to women =
75 years, we found that women < 45 years are more likely to have high-risk tumor
phenotypes and advanced stage at presentation. Accordingly, they were also more likely to
receive multimodal treatment, including mastectomy, chemotherapy, and radiation. However,
despite having breast cancers that were typically lower grade, node-negative, and hormone
receptor-positive, a similar proportion of women = 75 years presented with de novo
metastatic disease compared to their younger counterparts.

In our cohort, young women were approximately two times more likely to have HER2-
positive and triple-negative (TN) phenotypes and grade 3 tumors. Similar to our findings and
other studies [13, 14], Collins et al. previously demonstrated that a greater proportion of
young women (< 40 years) had luminal B tumors (ER-positive and/or PR-positive and
HER2-positive, or ER and/or PR-positive, HER2-negative and grade 3) and a smaller
proportion had luminal A tumors (ER-positive and/or PR-positive and HER2-negative,
histologic grade 1 or 2) [15]. Colleoni et al. also found higher proportions of ER-negative,
PR-negative, and grade 3 tumors in a cohort of 185 very young women (age < 35 years) with
breast cancer [16]. Beyond differences in molecular subtypes, others have demonstrated
unique proliferation-related prognostic gene signatures [6] and oncogenic signaling
pathways [17] in young breast cancer patients. Recently, Azim et al. compared genomic
aberrations among 780 young and elderly breast cancer patients in The Cancer Genome
Atlas dataset [18]; older patients had more somatic mutations and copy number variations,
while younger patients had higher expression of gene signatures related to proliferation,
stem cell features, and endocrine resistance [18]. Notably, among women with hormone
receptor-positive invasive breast cancer, our study demonstrated similar Oncotype Dx scores
between younger and older women. Although this may represent a biased subset of breast
cancer patients being considered for chemotherapy, further investigation is warranted to
characterize the genetic and genomic assay differences among women at the extremes of
age.
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Consistent with observed higher risk tumor phenotypes, younger women were more likely to
have higher pathologic T/N stages at presentation. Although this may be related to age-
specific disease biology, it may also reflect current breast cancer screening guidelines, which
usually recommend initiation of routine mammograms at the age of 40 or 45, and are
unclear about the benefits of screening in women = 75 years [19, 20]. As a result, young
women may be more likely to present with symptomatic disease, while older women may be
more likely to have screen-detected breast cancers. While younger women were more likely
to have TN and HER2-positive breast cancers, elderly women were as likely to present with
incurable de novo metastatic disease. There was a slightly greater difference in the rates of
biopsy-proven pML1 disease (higher in younger women, compared to cM1 disease); however,
this may reflect clinicians’ tendency to obtain pathologic confirmation of metastatic sites in
younger patients as opposed to relying solely on clinical or radio-graphic findings. Notably,
our data suggests that even the “less aggressive” tumor phenotypes observed in the elderly
population can still spread to distant sites, resulting in incurable disease. It may be that the
HER2-positive and triple-negative tumors result in metastatic disease at a younger age, while
the hormone receptor-positive tumors may take longer to cause a detectable metastatic tumor
burden, although the exact oncogenic drivers of disease progression are understudied [21].
Interestingly, a recent study of 564 breast cancer patients noted a difference in the site of
distant metastases by age: brain metastases were more common in the young, and lung
metastases were more common in older patients, likely reflecting differing tropism for
distant sites between tumor subtypes [22]. Regardless, once a patient is diagnosed with
metastatic disease, we demonstrate that survival differences narrow regardless of age at
diagnosis.

Aside from their cancer diagnosis, young women with breast cancer are typically healthy,
and thus, their disease-specific mortality overwhelmingly aligns with their OS. In contrast,
elderly women often suffer from pre-existing comorbidities and lower life expectancy, which
may undoubtedly be of greater risk to their OS than an early-stage breast cancer diagnosis.
Narod et al. found that the breast cancer-specific mortality was greater in young women (age
< 35 years) with DCIS when compared to older women, suggesting that death in the elderly
is likely related to causes other than breast cancer [23]. Decreased baseline life expectancy
and reduced rates of local recurrence have prompted the breast cancer community to de-
escalate therapy that lacks meaningful medical benefit in older women with breast cancer
[9-11]. Importantly, Van Leeuwen et al. evaluated 212 elderly (age = 80) breast cancer
patients and demonstrated that outcomes may have been compromised when less than
complete combined modality treatment was undertaken [24]. While recent landmark clinical
trials for metastatic breast cancer have largely not excluded women based on age alone, the
median age of women was 54 years (range 22—-89) in the CLEOPATRA study, and 56-57
years (range 29-88) in the PALOMA-3 trial [25, 26]. Furthermore, both trials excluded
women with an ECOG (Eastern Cooperative Oncology Group) performance status = 2,
which likely affects older women more than younger and is a common exclusion criteria in
clinical trials. Not surprisingly, Freyer et al. surveyed oncologists caring for elderly women
with metastatic breast cancer, and found that treatment plans differed from those of younger
women, were driven by age, and characterized by the oncologists’ subjective assessment of
the patient and in isolation from the geriatric care team [27]. Given that Americans ages 65
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and older are projected to increase from 16 to 23% of the total population by 2060 [28], the
vast heterogeneity in this group is also expected to continue to expand and will undoubtedly
require careful attention to provide adequate and appropriate care at the individual patient

level.

Limitations
While our study is one of the largest studies to directly compare breast cancer at the
extremes of age, it has several limitations. Although the NCDB captures ~ 70-80% of breast
cancer patients in the United States [29], the NCDB lacks granularity related to patient
comorbidities, treatments administered, treatment adherence, and breast cancer-specific
outcomes, including disease-related recurrence and mortality [30].

Conclusion

Our findings demonstrated that young women (< 45 years) remain at greater risk of
diagnosis with more biologically aggressive and locally advanced breast cancer, yet, elderly
women (= 75 years) remain vulnerable to metastatic breast cancer that could threaten their
health and survival. Clinical trials tailored to the treatment of metastatic disease in elderly
patients remain scarce, but necessary. Additionally, identifying predictors of low-versus
high-risk cancer in older women may further inform the care of this growing population,
where functional status more accurately predicts health outcomes. In a changing
demographic of older women with breast cancer, thoughtful screening and treatment are
important to avoid age-related disparities in breast cancer care.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Select treatment characteristics of women with breast cancer in the NCDB (2004-2015),
stratified by age group. Data presented as percentages and may not add up to 100 due to
rounding or missing values. All pvalues < 0.001 and represent the comparison between
patients < 45 years and those = 75 years. a Breast surgery type. b Chemotherapy receipt. ¢

Radiation therapy receipt. d Endocrine therapy receipt, stratified by hormone receptor

(ER/PR) status. ER estrogen receptor. PR progesterone receptor
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Unadjusted OS of women with breast cancer in the NCDB (2004-2015), stratified by age

group (V=1,201,252)
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Table 3

Adjusted OS by diagnosis: DCIS (V= 158,241), invasive non-metastatic (V= 915,994), and invasive
metastatic (V= 38,813)

Hazard ratio (95% CI) pvalue Overall p value

DcCIS

Age group (years) <0.001
<45 Ref
46-74 2.187 (1.928-2.48) <0.001
275 7.191 (6.28-8.235) <0.001

Invasive, non-metastatic

Age group (years) <0.001
<45 Ref
46-74 1.207 (1.179-1.237) <0.001
275 3.057 (2.965-3.151) <0.001

Invasive, metastatic

Age group (years) <0.001
<45 Ref
46-74 1.166 (1.117-1.218) <0.001
275 1.566 (1.479-1.659) <0.001

All models adjusted for year of diagnosis, gender, race/ethnicity, insurance status, income level, education level, facility type, facility location,
distance traveled, Charlson/Deyo Comorbidity Score, histology, tumor grade, clinical T stage, clinical N stage, estrogen receptor status,
progesterone receptor status, surgery type, radiation therapy, chemotherapy, and endocrine therapy

DCIS ductal carcinoma in situ
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