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Abstract

Background—We investigated the impact of breast cancer molecular subtypes and treatment on
survival in a cohort of medically insured women followed for over twenty years.

Methods—We examined 934 female members of an integrated health care delivery system
newly diagnosed with invasive breast cancer between 1988 and 1995 and followed them through
2008. Tumors were classified into four molecular subtypes based on their expression profile:
luminal A; luminal B; basal-like; and HER2-enriched. We followed women from the surgery date
to death, health plan disenrollment, or study’s end. Hazard rate ratios (HR) and 95% confidence
intervals (CI) were fit using Cox proportional hazards models adjusting for cancer treatments and
tumor characteristics.

Results—A total of 223 (23.9%) women died due to breast cancer during the 21-year study
period. Compared to women with luminal A tumors, women with HER2-enriched (HR 2.56, 95%
Cl 1.53-4.29) and luminal B tumors (HR 1.96, 95% CI: 1.08-3.54) had roughly a two-fold
increased adjusted risk of breast cancer mortality. In addition, the survival curves suggest that risk
of late mortality persists in women with luminal A tumors.

Conclusion—Among women with healthcare coverage, molecular subtypes were important
predictors of breast cancer mortality. Women with HER2-enriched tumors and luminal B subtypes
had the poorest survival despite adjusting for important covariates.

Impact—In a cohort followed over 20 years, women with HER2 enriched tumors had worse
survival, but interestingly, the survival curve for women with luminal A tumors continued to
steadily decline after 10 years of follow-up.
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INTRODUCTION

Breast cancer will be responsible for nearly 39,510 deaths among women in 2012 in the U.S.
[1]. Breast cancer is a heterogeneous disease and several biologic subtypes have been
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identified [2]. As conventional clinical factors such as tumor grade, size, lymph node
involvement, and surgical margins are no longer sufficient as sole prognostic factors, it is
important to consider breast cancer subtypes in treatment decision making. Limited
knowledge exists if effectiveness of adjuvant treatment varies by subtype and how biologic
subtypes affect long-term prognosis. Four main major breast cancer subtypes have been
identified based on the estrogen receptor (ER), progesterone receptor (PR), and human
epidermal growth factor receptor 2 (HER2). These subtypes include luminal types A and B,
basal-like and HER2-enriched [3]. Luminal A is the most common breast cancer subtype
and is characterized by ER+ and/or PR+/HER2- status, low grade tumors, and good
prognosis [4-6]. Luminal B subtype accounts for roughly 10% of all breast cancer and is
distinguished by ER+ and/or PR+/HER2+ status. Breast cancer subtypes with negative ER,
PR, and HER?2 status are typically called “triple negative” breast cancers and approximate
the basal-like category. The basal-like subtype is more common in pre-menopausal,
younger, overweight, African American women and is associated with high grade tumors [4,
6, 7]. The HER2-enriched subtype (HER2+/ER-/PR-) is less common but is similarly
characterized by high-grade tumors and poor outcomes [4, 5].

Most of the prior studies that examined survival by molecular subtypes lacked treatment
data [2], and even fewer have examined long-term survival [8-12]. Moreover, variations in
laboratory methods have made it difficult to make meaningful conclusions. Therefore, the
goal of the current study was to examine the impact of breast cancer subtypes and treatment
on long-term survival considering important covariates. We conducted a population-based
cohort study of women diagnosed with invasive breast cancer who were members of a
managed care organization in southern California and examined their survival over a 21 year
period.

MATERIALS AND METHODS
Patients and Setting

The cohort included women diagnosed with invasive breast cancer (AJCC TNM stages I-1V)
from January 1, 1988 to December 31, 1995 in a large integrated health care delivery
system, Kaiser Permanente Southern California, San Diego (KPSC), and followed through
December 31, 2008. We identified patients through the health plan’s National Cancer
Institute SEER (Surveillance Epidemiology and End Results)-affiliated cancer registry.
Eligible patients included those who completed their first course of treatment within the
health plan. We identified a total of 1645 women aged 25 to 79 years. We excluded 66
women who did not have medical charts, 96 women with missing information on cause of
death, and 549 women with missing tumor tissue or ER/PR/HER? status. The final cohort
consisted of 934 women. The design of this study has been detailed previously [13].

Data elements

Data elements were ascertained from medical charts, the electronic cancer registry and
mortality databases. Date of death and cause (main outcome) were ascertained by linking
our cohort with in-patient mortality files and California’s master file of death certificates.
Cause of death was confirmed by medical chart review. The main exposure variables
included primary tumor treatment and biologic subtype. Treatment information of the
primary tumor (type of surgery, chemotherapy dates, hormonal therapy, radiotherapy) was
abstracted from medical records. Biologic subtypes were determined by
immunohistochemical (IHC) assays of ER, PR and HER2 markers of archived formalin
fixed paraffin embedded tumor tissue. The HER2/neu proto-oncogene was also assessed for
gene amplification by fluorescence in situ hybridization (FISH). The IHC and FISH assays
were conducted at a single laboratory at the University of Southern California (USC) under
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the supervision of one of the authors (MFP) according to methods previously described [14—
17]. Patients were classified into four main biologic subtypes based on previously published
categories: luminal A (ER+ and/or PR+/HER2-), luminal B (ER+ and/or PR+/HER+),
basal-like (ER-/PR-/HER-, “triple negative”), or HER2-enriched (HER2+/ER-/PR-) [2-
3].

Covariates extracted from the patients’ charts included demographic and health factors (age
at diagnosis, year of diagnosis, race/ethnicity, family history of breast cancer in a first
degree relative, menopausal status at diagnosis, body mass index at diagnosis, history of
tobacco use and number of live births). We also extracted tumor characteristics including
grade, TNM stage, lymph node status, surgical margins and histopathology. The Institutional
Review Boards (IRB) of KPSC and USC reviewed and approved the study.

Statistical analyses

RESULTS

Differences in demographic, health and tumor characteristics, and primary treatments by
breast cancer subtype were first examined using chi-square and Fisher exact tests. P-values
were two sided, and were considered significant if less than 0.05. We also examined
mortality by breast cancer subtypes, stratified by stage at diagnosis. Follow-up commenced
on the date of surgery (1988-1995) and ended on the date of death, termination of health
plan membership, or study’s end (December 31, 2008), whichever occurred first. Although
some women disenrolled from the health plan, we were able to obtain their date and cause of
death by linking their social security number with the state’s electronic mortality files.
Hazard ratios (HR) and 95% confidence intervals (CI) were estimated fitting Cox
proportional hazards models with time dependent treatment variables (i.e., 0 up to start date;
1 after start date), and adjusted for stage and age at diagnosis, year of diagnosis, menopausal
status, lymph node status and treatment regimen. Kaplan-Meier methods were used to
compare breast cancer and other cause mortality by subtype.

Demographic and health characteristics of the 934 study participants are listed in Table 1.
Study participants were followed a maximum of 21 years (median of 13.3 years, range 0.1-
21.0 years), and had a median age of 59 years at diagnosis (range of 25 to 79 years). The
most common breast cancer subtype was luminal A (66%), followed by basal-like (22%),
HER2-enriched (7%), and luminal B (5%). The majority of women were white non-
Hispanic (86%), and roughly one-third was diagnosed with breast cancer before the age of
50 years (32%). Race varied by biologic subtype. Although non-white women comprised
less than 15% of the cohort, they were diagnosed with nearly one-quarter of all luminal B
cancers and more than one-fifth of all HER2-enriched cancers. In the luminal B category, a
larger proportion was premenopausal at diagnosis (52.5%) than postmenopausal (47.5%).
There were no significant differences in body mass index (BMI) categories, history of
tobacco use, family history of breast cancer in first degree relative, or number of live births
by molecular subtype.

Table 2 displays the distribution of tumor characteristics by molecular subtype. Overall, the
majority of study participants were diagnosed with early stage breast cancer (TNM stages |-
I1) (90%). Although numbers were small, a larger proportion of women with HER2-enriched
tumors was diagnosed with late stage disease (TNM I11-1V, about 16.4%). Women with
luminal B and HER2-enriched tumors were most likely to have positive lymph nodes.
Compared to luminal A, women with luminal B, basal-like and HER2-enriched subtypes
were more likely to have higher grade tumors (P<0.0001). Nearly all women (93% overall)
had no residual tumor, and as expected, surgical margin status was not associated with
subtype (P=0.66). Roughly 8% (n=78) of the cohort had invasive lobular carcinoma (ILC)
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histopathology and 5% (n=49) had mixed histopathology. Histopathology was related to
molecular subtype; the fraction of women with IDC was highest in women with basal-like
tumors and lowest in women with luminal A tumors, while the fraction of women with ILC
was highest in women with luminal A tumors and lowest in HER2-enriched tumors
(P=0.05).

Table 3 displays molecular subtype by treatment. While all women in the cohort underwent
surgery (mastectomy or breast conserving surgery) for primary treatment of the initial breast
cancer diagnosis, use of adjuvant treatment varied across breast cancer subtype. Overall,
tamoxifen was the most common adjuvant treatment (48%, n=445), followed by
chemotherapy (47%, n=439) and radiotherapy (39%, n=360). As expected, women with
breast cancer subtypes that included ER+ or PR+ status (luminal A and luminal B) were
more likely to use tamoxifen. Women with luminal B tumors were more likely to receive
radiation (19.3%). Women with HER2-enriched tumors more often underwent
chemotherapy (about 33%).

Table 4 presents the crude and adjusted hazard ratios (HR) for the association between
breast cancer mortality and molecular subtype. Of the 934 women, 23.9% died due to breast
cancer in the ensuing 21 years; 19.8% women died due to other causes; 16.6% disenrolled
from the health plan; and 39.7% completed follow-up (data not shown). Treatment groups
were entered as indicator variables in the multivariable models. The multivariable model
included age at diagnosis, year of first breast cancer diagnosis, menopausal status, lymph
node status and, for the “All stages” analysis, stage at diagnosis, as covariates. Breast cancer
mortality was two-fold greater in women with luminal B (HR 1.96, 95% CI: 1.08-3.54) and
HER2-enriched tumors (HR 2.56, 95% CI: 1.53-4.29) compared with women with the
luminal A subtype (the referent group) when examining all stages combined. However,
when examining the hazard ratios stratified by stage, the association between mortality and
luminal B and HER2-enriched subtype was stronger among women with stage | disease (i.e.,
mortality was seven-fold higher in women with luminal B [HR 7.39, 95% ClI: 1.72-31.77]
and HER2-enriched [HR 6.62, 95% CI: 1.78-24.57] subtypes in comparison to women with
luminal A tumors), but the confidence intervals were wide. Although we found elevated
mortality for basal-like tumors, the confidence interval included the null (HR 1.20, 95% CI:
0.80-1.82 for all stages combined). The association for basal-like tumors was similar when
examining the effects by stage. Data were sparse in the higher-stage categories (111-1V).

Figure 1 shows the Kaplan-Meier survival curves for breast cancer specific mortality.
Women with luminal A tumors had the longest survival, while women with HER2-enriched
and luminal B tumors had much shorter survival times (P < 0.0001). Women with basal-like
tumors had intermediate survival times, with deaths occurring earlier than women with
luminal A tumors. Survival declined precipitously during the first 3 to 4 years of follow-up
for both HER2+ subtypes (HER2-enriched and luminal B), followed by a slowing in the
decline over subsequent years of follow-up. The basal-like subtype showed a similar early
decline over the first 2 to 2.5 years with a more gradual decline to about 13 years of follow-
up. Interestingly, the curve for luminal A continues to decline steadily after 10 years of
follow-up suggesting that the risk of late mortality persists in this group. As expected,
Figure 2 demonstrates that breast cancer subtype had no impact on death due to all other
causes of mortality (P=0.16).

DISCUSSION

In this cohort of nearly one thousand women followed a maximum of 21 years, we
determined that overall, women with HER2-enriched and luminal B tumors had a two-fold
increased adjusted risk of breast cancer mortality compared to women with luminal A
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tumors; these risks were seen after accounting for adjuvant treatments and other important
covariates. These results are consistent with previous findings showing that women with
HER2-enriched breast cancers have worse prognosis than those with luminal A tumors,
although they were based on much shorter follow-up times [2]. It is possible that aromatase
inhibitors might have improved survival in this group; however, the drug was not available
until the mid-2000s. It is also possible that the women with luminal B or HER2-enriched
tumors died earlier than other patients because of unavailability of trastuzumab at that time,
which was approved by the FDA for adjuvant treatment in 2005. The survival curve analysis
(Figure 1) also suggests that risk of late breast-cancer specific mortality persists women with
luminal A tumors even after 10 years of follow-up. In addition, although previous studies
focused on women with the more common basal-like subtype and reported poorer outcomes
among those women compared to women with luminal A tumors, our study indicated
reduced survival among women with luminal B and HER2-enriched tumors.

Our study has a number of strengths. As women for this study were identified through a
large community-based health care delivery system in southern California, results may be
more applicable to the wider community than studies which have drawn subjects from
academic settings. In addition, the care the patients received should reflect the general
cancer treatment patients received in other integrated delivery systems in the U.S at that
time. Unlike other studies that followed patients five to ten years [2, 5], the managed care
setting afforded a rare opportunity for very long-term follow up of breast cancer patients.
Health plan membership sustainment was high, with more than 4 of every 5 members
continuing membership until either death or the end of the 21 year follow-up period.
Furthermore, we minimized bias due to loss of follow-up by ascertaining mortality status of
all patients, regardless of disenrollment status. While others found reduced breast cancer
survival due to poor healthcare access and lack of insurance coverage [18-23], we were able
to examine differences in survival without the confounding effects of variable medical
insurance coverage [24].

Certain limitations of the study must also be considered. Although we mainly examined IHC
markers, which may misclassify subtypes, the use of IHC is more common in general
community hospitals. Moreover, other studies have demonstrated the concordance of the
IHC and gene expression profiles to assess subtype [5, 8, 9]. Another limitation was the lack
of treatment data for recurrences. However, because the cohort consisted of a fully insured
population with long-term membership sustainment, it is unlikely that survival rates by
biologic subtype were highly dependent on treatment for recurrences. Because the cohort
was assembled before the availability of trastuzumab and Als, , these results more closely
reflect the natural history of the disease in the absence of these targeted therapies, but they
may not be generalizable to current practices. However, given the high costs of trastuzumab
(roughly $100,000 per course) and Als (up to $5,000 per month), these therapies may not be
accessible to all breast cancer survivors. Another challenge was the small cell sizes in some
of the analyses due to low numbers of deaths. Also, as staging definitions were slightly
different in the mid-1990s, it is possible that some of the cases would have actually been
categorized as having a higher TMN stage. In addition, the greater incidence of early stage
disease in this insured cohort may be due to greater access to screening. Although we
captured the types of cancer treatments, we did not have the data to quantify dose or
duration.

In summary, our results extend the findings of prior studies given our long observation
period. While most survival studies are limited to 5 to 10 years of follow-up, we followed
cohort members over 20 years, revealing distinct changes in survival patterns by subtypes.
Despite its markedly higher survival probabilities in earlier years of follow-up, luminal A
subtype was the only subtype that continued a steady drop in survival over the 20 year
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period with little leveling off in later years. Future studies should examine how the
association between molecular subtypes and survival varies by race/ethnicity, particularly in
minority women who are more likely to have aggressive tumor subtypes, as well as identify
factors to enhance survival in women with luminal A tumors.
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Kaplan-Meier Survival Curve for Breast Cancer Mortality
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