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/ABSTRACT

Purpose. Breast cancer (BC) is a disease of aging and the
number of older BC patients in the U.S. is rising. Immunobhis-
tochemical data show that with increasing age, the incidence
of hormone receptor-positive tumors increases, whereas the
incidence of triple-negative tumors decreases. Few data exist
on the frequency of molecular subtypes in older women. Here,
we characterize the incidence and outcomes of BC patients by
molecular subtypes and age.

Patients and Methods. Data from 3,947 patients were pooled
from publicly available clinical and gene expression microarray
data sets. The PAM50 algorithm was used to classify tumors
into five BC intrinsic subtypes: luminal A, luminal B, HER2-
enriched, basal-like, and normal-like. The association of age and
subtype with recurrence-free survival (RFS), overall survival, and
disease-specific survival (DSS) was assessed.

Results. The incidence of luminal (A, B, and A+B) tumors
increased with age (p < .01, p < .0001, and p < .0001,
respectively), whereas the percentage of basal-like tumors
decreased (p < .0001). Among patients 70 years and older,
luminal B, HER2-enriched, and basal-like tumors were found at
afrequencyof32%,11%,and 9%, respectively. Inolderwomen,
luminal subtypes had better outcomes than basal-like and
HER2-enriched subtypes. After controlling for subtype, treat-
ment, tumor size, nodal status, and grade, increasing age had no
impact on RFS or DSS.

Conclusion. Morefavorable BCsubtypesincrease with age, but
older patients still have a substantial percentage of high-risk
tumor subtypes. After accounting for tumor subtypes, age at
diagnosisis notanindependent prognostic factor for outcome.
The Oncologist 2014;19:1076-1083

Implications for Practice: Breast cancer incidence increases dramatically with age, and the number of older patients is increasing
worldwide. Estrogen receptor, progesterone receptor, and HER2 expression remain the cornerstones for selecting adjuvant
systemic therapy, butan expanding body of knowledge suggests that making decisions on the basis of the genetic characteristics of
the breast cancer (molecular subtypes) may ultimately improve on current treatment outcomes. Our data suggest that although
increasing age is associated with more favorable breast cancer biology, within subtypes outcomes are similar for all age groups.

Also, after accounting for breast cancer subtypes, age alone was not related to outcome.

INTRODUCTION

Theincidence of breast cancer increases dramatically with age,
and the majority of women who die of breast cancer are older
than 65 years [1]. Although older patients are more likely to
present with tumors that are hormone receptor (HR)-positive
and HER2-negative when compared with younger patients,
many older patients present with more aggressive triple-
negative and HER2-positive phenotypes [2, 3]. These findings
have broad implications, because many older women have
estimated survivals exceeding 5 years, and those with high-risk
triple-negative and HER2-positive breast cancers are most
likely to relapse within 5 years of diagnosis [4]; optimizing
treatment for such patients is a major consideration. PAM50 is
a 50-gene expression-based predictor that classifies breast
cancers into four intrinsic subtypes of prognostic significance

[5]: luminal A, luminal B, HER2-enriched (HER2-E), or basal-like
[6]. The PAMS50 assay has been shown to provide more precise
prognostic information than immunohistochemical (IHC)-
based subtyping and can be performed using paraffin-
embedded tissues [6-8].

Molecular subtypes of breast cancer have been well-
defined inyounger women [9], but to our knowledge, no large-
scale, genomic-based studies have determined the distribu-
tion of molecular subtypes in older women. Although intrinsic
subtypes are not yet widely used in clinical practice, this is
likely to change as clinical trial data showing the superiority
of these analyses compared with IHC assays in predicting
treatment benefit mature [10, 11]. Moreover, exciting recent
data suggest that molecular subtypes differ substantially in

Correspondence: Hyman B. Muss, M.D., Division of Hematology/Oncology, 170 Manning Drive, CB #7305, Chapel Hill, North Carolina 27599-
7305, USA. Telephone: 919-843-3735; E-Mail: muss@med.unc.edu Received May 6, 2014; accepted for publication July 21, 2014; first
published online in The Oncologist Express on August 20, 2014. ©AlphaMed Press 1083-7159/2014/$20.00/0 http://dx.doi.org/10.1634/
theoncologist.2014-0184

The Oncologist 2014;19:1076-1083 www.TheOncologist.com ©AlphaMed Press 2014



mailto:muss@med.unc.edu
http://dx.doi.org/10.1634/theoncologist.2014-0184
http://dx.doi.org/10.1634/theoncologist.2014-0184
http://www.TheOncologist.com

Jenkins, Deal, Anders et al.

1077

13 available data sets assessed for
inclusion in analysis (n = 4,621)

A

Excluded data sets (n = 667)

1. NKI295: all patients were younger
than age 53 (n =295)

2. GSEI12276: all patients had brain
metastases (n = 192)

3. GSEI18864: nearly all tumors were
basal-like subtype (n = 24)

4. GSE7390: all patients were
younger than 60 years (n = 156)

PAMS50 subtype unknown (n = 6)

Age unknown (n = 1)

Age and PAMS50 subtype (n = 3,947)

8 Non-METABRIC data sets: Age,
PAMS50 subtype and RFS (n = 1,842)
¢ Missing time-to-event data (n = 119)

METABRIC data set: Age, PAM50 subtype
and OS/BCSS (n = 1,966)
¢ Missing time-to-event data (n = 20)

Figure 1. CONSORT diagram of publicly available gene array data sets used to define breast cancer subtypes using the PAM50 model [6].
Abbreviations: BCSS, breast cancer-specific survival; OS, overall survival; RFS, recurrence-free survival.

the intracellular pathways responsible for cell growth and
metastatic spread, suggesting a wide array of potential mo-
lecular targets for drug development [12, 13]. In this study,
we characterize breast cancer molecular intrinsic subtypes
by age and focus on the implications of these subtypes in
older women. In addition, we explore the association of age on
recurrence-free survival (RFS), overall survival (0S), and
disease-specific survival (DSS) after accounting for intrinsic
subtype, clinical-pathological characteristics, and adjuvant
treatment.

PATIENTS AND METHODS

Thirteen publicly available microarray data sets were pooled
for a total of 4,621 breast cancer samples. Samples from
patientsin these data sets were collected from as early as 1980
and asrecentin 2010, with time frames varying greatly among
different data sets. Four data sets were excluded because of
a lack of representation of older patients or particularly poor
outcomes (Fig. 1). All patients had potentially curable breast
cancer and were without metastases. Tumor size was available
for 97% of patients, nodal status was available for 98% of
patients, and tumor grade was available for 83% of patients.
Adjuvant treatment data were available for 90% of patients
and included chemotherapy, endocrine therapy, both chemo-
therapy and endocrine therapy, and no adjuvant treatment
(Table 1). Specific details regarding adjuvant chemotherapy,
such as regimens used and years of administration, were
not available. Complete IHC data (at least estrogen receptor
[ER] and HER2) were available for 49% of samples. In the
large Molecular Taxonomy of Breast Cancer International
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Consortium (METABRIC) data set, OS and DSS (breast cancer-
specific survival) were used and available for 99% of patients.
Among the eight non-METABRIC data sets, RFS (or DFS) was
usedin fourdatasets and distant disease-free survival (or distant
RFS) was used in four data sets to identify associations of each
variable with outcome and was available for 94% of patients
(Fig. 1). Relapse-free survival and distant relapse-free survival
were combined for this analysis. All specimens were analyzed
before systemic treatment. To our knowledge, none of the
patients with HER2-positive tumors received trastuzumab.

All tumors, except for the GSE18229 and METABRIC data
sets, in which we used the already reported PAMS50 subtype
calls [21], were assigned to one of five molecular subtypes of
breast cancer: luminal A, luminal B, HER2-enriched, basal-like,
or normal-like, using the PAM50 subtype predictor [23]. Prior
to subtyping, each individual data set was properly normalized
as previously described [21, 24, 25].

XZ tests were used to compare differences in proportions.
RFS was censored at 7 years because the GSE25066 [18] data
set has a maximum follow-up of 7.4 years. The Kaplan-Meier
method was used to evaluate the association of categorical
variables with RFS, OS, and DSS. Cox regression models were
used to evaluate the association of age, alone and while
controlling for other covariates, with RFS, OS, and DSS. Because
of missing data, sample sizes for multivariable models with
different covariates varied. The results are presented for
models using all possible data (i.e., different sample sizes), but
similar results were seen when running all models only on
patients with complete data. All statistical analyses were
conducted using SAS statistical software v9.3 (SAS Institute,
Inc., Cary, NC, http://www.sas.com).
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Table 1. Patient and tumor sample characteristics

Breast Cancer Subtypes in Older Women

Age cohort
Variable All patients 21-39 years 40-49 years 50-59 years 60-69 years 70-93 years
Pam50 subtype n = 3,947 n = 335 n =841 n = 956 n=1,013 n = 802
Basal-like (%) 21 44 26 22 16 9
Her2-enriched (%) 13 15 12 16 14 11
Luminal A (%) 33 18 32 33 32 39
Luminal B (%) 22 12 15 17 28 32
Normal (%) 11 11 15 12 10 9
Tsize? (n = 3,838)° n =325 n =813 n =932 n =987 n =781
TO%/T1 (%) 38 30 38 39 43 34
=T2 (%) 62 70 62 61 57 66
Nodal status (n = 3,856)d n =320 n = 810 n =933 n = 1,003 n =790
Negative (%) 55 44 56 54 60 54
Positive (%) 45 56 44 46 40 46
Grade® (n = 3,278)f n =283 n = 680 n =812 n =842 n =661
1(%) 11 2 12 15 10 11
2 (%) 39 28 37 39 40 46
3 (%) 50 70 51 46 50 43
Adjuvant treatment (n = 3,546)8 n = 285 n =735 n = 858 n =941 n=727
None (%) 32 29 38 30 32 30
Endocrine therapy (%) 36 5 14 31 48 63
Chemotherapy (%) 16 41 25 19 10 3
Both (%) 15 25 23 20 10 4
Data set by GSE series n =335 n =841 n =956 n=1,013 n = 802
GSE22219 [14]" 6% 5 7 7 2
GSE7849 [15]" 2% 2 2 2 3 1
GSE2034 [16]" 7% 9 11 6 7 5
GSE4922 [17] 6% 5 4 5 6 11
GSE25066 [18]h 15% 27 24 18 10
GSE2603 [19] 2% 2 1
GSE2990 [20]' 5% 5
GSE18229 [21]' 7% 10
Total non-METABRIC (%) 50% 64 64 53 43 34
METABRIC [22] (%) 50% 36 36 47 57 66

All numbers in table are percentages unless otherwise specified. More information is available from the GEO Omnibus (http://www.ncbi.nlm.nih.gov/

geo/).

#T1 tumors measure =20 mm in greatest dimension. =T2 tumors measure >20 mm.

97% of total patients.
“Proportion of TO (in situ carcinomas) is unknown.
998% of total patients.

®Grade 1, well-differentiated; grade 2, moderately differentiated; grade 3, poorly differentiated.

f83% of total patients.

890% of total patients.

_hDistant disease-free (or relapse-free) survival.
'Disease-free (or relapse-free) survival.

Abbreviation: METABRIC, Molecular Taxonomy of Breast Cancer International Consortium.

RESULTS

Subtype Distribution by Age

The distribution of intrinsic subtypes by age group is shown
in Figure 2. The incidence of luminal tumors (luminal A and
luminal B combined) increased with age (p < .0001), whereas
theincidence of basal-like tumors decreased (p <.0001). Inthe
oldest age cohort (70-93 years), basal-like and HER2-enriched,
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the subtypes with the worst prognosis historically among
all age groups, were represented in 9% and 11% of patients,
respectively. Intrinsic subtypes were compared with IHC
phenotypes, and our results are consistent with previously
published reports showing a modest association [6, 26]. Of
the 1,940 patients with complete immunohistochemical data
for ER, progesterone receptor (PR), and HER2 (Fig. 3), 76% of
tumors that were triple-negative on clinical assays for ER, PR,
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Figure 2. PAMDS5O intrinsic subtypes by age. The sum of the first
column is 101% because of rounding.
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Figure 3. PAMS5O intrinsic subtypes by immunohistochemical
molecular subtypes for all patients. The sums of the third and
fourth columns are 101% because of rounding.

and HER2 (triple-negative breast cancer [TNBC]) were basal-
like. Of all the HR+/HER2 — patients, 50% were luminal A and
29% were luminal B with the percentages varying across age
groups (p = .006); 67% in the youngest age group were luminal
A/B compared with 86% in the oldest age group (Fig. 4A).
Conversely, the percentage of TNBC patients who were basal-
like decreased with age (p = .003; Fig. 4B), from approximately
80% for those younger than 60 years to 70% for those 60-69
years and 57% for those 70 years and older. Of HR—/HER2+
patients, 61% were HER2-enriched and 24% were basal-like,
and no differences were seen within age groups (p = .37).
Overall, 32% of HR+/HER2+ were luminal B, and this per-
centage varied from approximately 20% in patients of less than
60 years to approximately 50% in patients aged 60 years and
older (p = .03; Fig. 4C).

Outcome by Subtype and Age

Relapse-free survival was available from the eight non-
METABRIC data sets, and OS and DSS were available from the
large METABRIC data set (Fig. 1). RFS (Fig. 5A, 5B) and OS and
DSS (Fig. 5C—5F) were examined according to subtype and age.
As anticipated, the luminal A subtype had a better outcome
than the other subtypes, particularly when compared with
basal-like and HER2-E subtype; this relationship remained
statistically significant in the 70-93-year age cohort (Fig. 5B,
5D, 5F).

www.TheOncologist.com
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Figure 4. PAM 50 subtypes by age according to HR and HER2
phenotype. (A): HR+/HER2—. (B): HR—/HER2 — (“triple-negative”).
(C): HR+/HER2+. (D): HR—/HER2+.

Independent Impact of Age on Breast Cancer Outcomes
Multivariable analysis was performed using Cox regression
modeling. RFS was used for identifying associations of each
variable with outcome in the non-METABRIC data sets
(Table 2). Age was not significantly associated with RFS after
controlling for intrinsic subtype (p = .66); this remained true
after controlling for adjuvant treatment, tumor size, nodal
status, and grade as well (p = .47). In the METABRIC data set,
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Figure 5. Outcomes according to subtype and age. Recurrence-free survival (RFS) was used as a surrogate for outcome in the non-
Molecular Taxonomy of Breast Cancer International Consortium (METABRIC) data sets. Overall survival (OS) and disease-specific survival
(DSS) were used as surrogates for outcome in the METABRIC data set (see Fig. 1). Normal-like samples were excluded. (A): RFS by PAM50
forall age cohorts. (B): RFS by PAMS50 for 70-93-year age cohort. (C): OS by PAMS50 for all age cohorts. (D): OS by PAMS50 for 70-93-year age
cohort. (E): DSS by PAMS5O0 for all age cohorts. (F): DSS by PAMS50 for 70-93-year age cohort.

OS and DSS were used to identify associations of age, subtype,
adjuvant treatment, tumor size, nodal status, and grade with
outcome. Age was significantly associated with OS (all
p < .0001) but not with DSS (all p > .07) in all models. After
controlling for subtype, adjuvant treatment, tumor size, nodal
status, and grade, increasing age was associated with worse OS
(10-yearHR 1.36[1.25-1.48], p <.0001), but not DSS (p = .21).
The significant association of age with OS persisted when
similar models were run within each subtype for all but the
HER2-enriched subtype (p = .3).The adjusted hazard ratios for
death were basal-like: 1.24 (95% confidence interval [CI]:
1.05-1.46), HER2-enriched: 1.11 (95% Cl: 0.91-1.37), luminal
A: 1.78 (95% Cl: 1.49-2.11), and luminal B: 1.29 (95% Cl:
1.09-1.52).

DIScUSSION

The incidence of more favorable subtypes as defined by
PAMS50 increases with age and is similar to changes in
phenotype with age shown by IHC [27, 28]. In this series,
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luminal A tumors accounted for 40% of breast cancers in
patients older than 70 years of age, whereas basal-like and
HER2-enriched subtypes were the least common (9% and
11%, respectively). The 20% of elders in this series with
basal-like and HER2-enriched subtypes indicates that many
elders have aggressive breast cancers as defined by the
PAMS50 subtype predictor. As expected, the luminal A
subtype had better outcomes than the more aggressive
luminal B, basal-like and HER2-enriched subtypes among
all age groups, as well as in the elderly population (Fig. 5).
Of note, compared with younger patients, older patients
with triple-negative breast cancer determined by IHC were
less likely to have the basal-like subtype, whereas those
older patients with HR+/HER2+ (triple-positive) cancer
determined by IHC were much more likely to have tumors
with luminal B subtypes. This may prove to have major
implications for treatment selection in older patients as
more trials of subtype and outcomes with adjuvant therapy
are reported.
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Table 2. Multivariable time to event analyses for the relationship of age with RFS, OS, and DSS, controlling for covariates

Model covariates

Age, subtype, adjuvant Age, subtype, adjuvant treatment,

Variable Age, subtype treatment Tsize, nodal status, grade
RFS (non-METABRIC)

Number of patients 1,842 1,464 886

HR (95% Cl) 0.98 (0.92-1.06) 1.01 (0.93-1.10) 1.05 (0.92-1.19)

p value .66 .86 A7
0S (METABRIC)

Number of patients 1,965 1,965 1,856

HR (95% CI)? 1.22 (1.14-1.32) 1.41 (1.30-1.53) 1.36 (1.25-1.48)

p value® <.0001 <.0001 <.0001
DSS (METABRIC)

Number of patients 1,965 1,965 1,856

HR (95% Cl) 0.95 (0.87-1.04) 1.09 (0.99-1.21) 1.07 (0.97-1.18)

p value .24 .07 21

The age variable used for multivariable analysis is continuous, and the unit of each hazard ratio is 10 years (i.e., for each 10-year increase in age).

“Bold type indicates p < .05.

Abbreviations: Cl, confidence interval; DSS, disease-specific survival; HR, hazard ratio; METABRIC, Molecular Taxonomy of Breast Cancer International

Consortium; OS, overall survival; RFS, recurrence-free survival.

Age was not significantly associated with RFS or DSS, but it
was associated with OS. This relationship between advancing
age and poorer OS is almost certainly caused by women dying
of non-breast cancer-related causes [29]. Similar findings were
noted in a retrospective analysis of four large cancer and
leukemia group B randomized adjuvant chemotherapy trialsin
women with breast cancer in which relapse-free survival
benefits were similar among age groups but overall survival
was poorer as age increased; older patients were more likely
to die of non-breast cancer-related causes [30]. The available
data suggest that tumor biology and treatment, as driven by
intrinsic subtype and not age, is the main determinant of
outcome. In the future, genomic subtyping may better define
cancer prognosis and potential treatment benefit. Interest-
ingly and at the other end of the age spectrum, this finding is
consistent with previously published reports from our group
illustrating that age alone does not appear to provide an
additional layer of biologic knowledge above that of breast
cancer subtype and grade among young women diagnosed
with breast cancer [31].

Although tumor subtypes as defined by gene expression
are still are not widely used to select treatment, an increasing
number of assays based on tumor profiling are now commer-
ciallyavailableand can be helpfulin treatment selection [32, 33].
The PAM50 gene signature assay used in this analysis has
now been approved by the Food and Drug Administration
as a prognostic indicator for 10-year distant recurrence-free
survival in postmenopausal women with hormone receptor-
positive stage | and Il breast cancer or patients with involve-
ment of one to three lymph nodes who are to be treated with
adjuvant endocrine therapy (Prosigna; NanoString Technol-
ogies, Seattle, WA, http://www.nanostring.com). As yet,
none of these assays provide treatment recommendations
based on genetically defined subtypes, but it is likely that
clinical trials will soon show that treatment choices based
on intrinsic subtypes will prove superior to decisions based
on hormone receptor and HER2 status [33-37]. A French
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trial, ASTER 70s for women aged 70 and older and currently
in progress, is using high genomic grade as a basis for
randomization for chemotherapy or not (ERICO11/PACS10-
NCT01564056).

A major limitation of this study is the heterogeneity of the
patients in the different data sets, which may limit how
representative these patients are of the general population.
However, the large number of patients among the various
subtypes suggest that our findings are likely to be confirmed
as newer and larger data sets become available. Another
major limitation of this study is the lack of treatment detail,
such as endocrine or chemotherapy type, schedule, and
duration; however, the dataarestill provocative in thatage had
nosignificant effect on either RFS or DSS once we controlled for
subtype. However, our results, based on a large sample size,
strongly suggest that irrespective of age, patients with similar
intrinsic subtypes have similar RFS and DSS survival outcomes.
This has major clinical implications and suggests that elders
with high-risk intrinsic subtypes, with a lack of significant
comorbidities, and with an estimated survival exceeding 5
years should be considered for standard-of-care therapies that
would typically include chemotherapy—and for some chemo-
therapy and anti-HER2-directed therapy [38].

CONCLUSION

Although comorbidities and performance status areimportant
considerations in treatment planning, the aging process is
heterogeneous, and an individualized approach is necessary in
elderly patients. Estimated survival, and not chronological age,
should be the major factor for clinicians to consider when
recommending systemic and local treatments to older
patients. Tools are now available to help treating physicians
accurately estimate life expectancy to help guide these
important treatment decisions (see http://www.eprognosis.
org and [39]). Finally, given the underrepresentation of elders
in clinical trials [40], older women with breast cancer should be
includedin studies exploring the role of breast cancer subtypes
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on treatment selection and outcomes, so that this large and
increasing segment of the breast cancer population can reap
the rewards of ongoing, cutting-edge research.
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Implications for Practice:

Although metastatic breast cancer (MBC) affects women of all ages, the use of sequential single-agent chemotherapy
treatment in patients with hormone-refractory MBC can be particularly challenging in the elderly because of patient
comorbidities and functional deficits. There is a major unmet need to find new, effective therapies with favorable safety
profiles for older patients. This exploratory analysis of pooled data from selected older patients with pretreated MBC in
phasellandlll clinical trials showed similar efficacy and tolerability for eribulinamong patients who were 70 years of age
orolderwhen compared withyounger patientsubgroups.These dataindicate thateribulin may be an effective optionfor
selected older patients with MBC.
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