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with HER2-positive breast cancer have a more aggressive dis-
ease, greater likelihood of recurrence, poorer prognosis, and
decreased survival compared to women with HER2-negative
breast cancer.* HER2-targeted therapies have significantly
improved outcomes for HER2-positive patients with both
early and metastatic breast cancer (mBC).> There are currently
four HER2-targeted agents approved in the US (trastuzumab,
lapatinib, pertuzumab, and ado-trastuzumab emtansine), and
additional targeted agents are in development.®’

While clinical outcomes in HER2-positive patients have
improved significantly, inconsistency in therapy and patient
outcomes have been reported in recent studies of HER2-
targeted patients.**1° Factors influencing patient therapy and
prognosis include age at diagnosis, disease severity, hormone
receptor status, and comorbidity profile. Furthermore, while
the National Comprehensive Cancer Network guidelines
recommend first-line regimens of HER2-targeted agents
combined with chemotherapy in the treatment of metastatic
disease, studies have shown that older patients may be less
likely to receive such treatments.® Although numerous
clinical trials have assessed the efficacy of HER2-targeted
agents, there is limited information about the use of HER2-
targeted agents and the characteristics of patients with locally
advanced or metastatic disease receiving these treatments in
real-world settings.

The objectives of this analysis were to examine treat-
ment patterns and mortality among women with advanced or
mBC stratified by HER2 status and to describe these patterns
among patients receiving HER2-targeted agents stratified by
disease stage and age group.

Methods

Data sources
Paid medical and prescription claims from 2007 through
2012 were sourced from the Truven Health MarketScan®
Commercial and Medicare Supplemental databases, which
contain the health care experience of privately insured indi-
viduals and those with Medicare Supplemental insurance.
Enrollees include the primary insurance holder as well as
their spouses and dependents. Dates of death for a subgroup
of patients were sourced from a database of MarketScan
claims linked to the Social Security Administration death
files. Linked claims are available only for employed
primary insurance enrollees, not dependents. Dates of
death were available from January 1, 2007, through
December 31, 2012.

Data are fully compliant with the Health Insurance
Portability and Accountability Act of 1996. Because the study

used only deidentified patient records and did not involve the
collection, use, or transmittal of individually identifiable data,
Institutional Review Board approval was not required.

Study design

A retrospective longitudinal observational study design
was used to follow patients over time from their initial
diagnosis of either locally advanced (stage I1I) or metastatic
(stage I'V) breast cancer to the end of their available follow-up:
disenrollment from an eligible health plan, inpatient death, or
end of the database December 31, 2012, whichever occurred
first. For each patient, the date of the first claim for stage III
or stage [V metastases was defined as the index date. Patients
were required to have a minimum of 12 months of continu-
ous enrollment prior to their diagnosis of locally advanced
or metastatic disease (pre-index period).

The initial sample was divided into two mutually exclu-
sive cohorts based on the presence or absence of claims for
HER2-targeted agents (trastuzumab or lapatinib) during the
entire study period (ie, pre-index period through follow-up);
patients without medical or pharmacy claim for any HER2-
targeted agent were assigned to the “No HER2-targeted
agents” cohort, while patients with any such claims were
assigned to the “HER2-targeted agents” cohort, likely repre-
senting HER2-positive patients. Patients with HER2-targeted
agents were further stratified by disease stage (III or IV) and
age (18—44 years, 45—64 years, and =65 years) at index.

Demographic and clinical histories for all study patients
were measured at index and during the 12-month pre-index
period, respectively, and treatment characteristics were
examined during the variable-length follow-up period
that included the index date. A minimum of 3 months of
continuous enrollment was required solely for the analysis
of treatment patterns. Pre-index period and follow-up mea-
sures were compared across the study cohorts: no HER2-
targeted vs HER2-targeted agent users; stage I1I vs stage [V
among HER2-targeted agent users; and ages 1844 years
vs 45-64 years vs =65 years, also among HER2-targeted
agent users.

Patient selection

The study population consisted of women, aged 18 years or
older, who were newly diagnosed with stage III or stage IV
breast cancer from January 1, 2008, through December 31,
2011; the time frame of 2008-2011 allowed all study patients
to have 12 months of preindex and postindex data, if
available. Breast cancer was defined as the occurrence of at
least one inpatient or two nondiagnostic outpatient claims

36 submit your manuscript

Dove

Comparative Effectiveness Research 2015:5


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Treatment of metastatic breast cancer patients by HER2-targeted agents

at least 30 days apart with a diagnosis code of breast cancer
in any position (International Classification of Diseases,
9th Revision, Clinical Modification [I[CD-9-CM]: 174.xx).
Cancer stage as defined by the American Joint Committee
on Cancer is not available in administrative claims data;!!
therefore, ICD-9-CM diagnosis codes for secondary malig-
nant neoplasms were used to proxy the corresponding
American Joint Committee on Cancer listed location of
metastases. At least one inpatient or outpatient nondiagnos-
tic claim within 60 days before or subsequent to any breast
cancer claim for stage III (ICD-9-CM diagnosis codes:
stage III 196.0, 196.3, or 198.2) or stage IV (196.1, 196.2,
196.5-196.6, 196.8-196.9, 197.0-197.8, 198.0-198.1,
198.3-198.8, 198.82, 198.89, or 199.0-199.1) was required
for inclusion. The date of service of the first metastasis claim
was assigned as the index date and disease stage at index was
determined. Furthermore, patients had to have 12 months of
continuous medical and prescription coverage prior to the
index date (pre-index period), =18 years of age as of the
index date, and be newly diagnosed with stage I1I or stage IV
breast cancer (no metastases claims in the pre-index period).
Patients were excluded based on pre-index period claims for
a primary cancer other than breast cancer or study period
claims for human immunodeficiency virus infection/acquired
immune deficiency syndrome or pregnancy.

Final study patients were first stratified according to
HER2-targeted agent use anytime during the study period
as defined earlier. Use was defined as at least one pharmacy
or medical claim for trastuzumab or lapatinib, defined by
National Drug Codes or Healthcare Common Procedure
Coding System codes, respectively. Patients receiving HER2-
targeted agents were further stratified by disease stage and
age group at index.

Study measures

Demographic variables were identified relative to the study
index date and included age, US Census geographic region
population density, primary payer, and plan type. Clinical
history included sites of metastases at diagnosis; diagnosis of
earlier-stage breast cancer; and where found, breast cancer-
related surgical treatment (lumpectomy or mastectomy),
radiation therapy, and hormonal, biologics-based, or chemo-
therapy treatments. Comorbid conditions (anemia, anxiety/
depression, cardiac arrhythmia, cerebrovascular disease, con-
gestive heart failure, coronary artery disease, chronic obstruc-
tive pulmonary disorder, diabetes, and hypertension), and
the National Cancer Institute modification of the Charlson
Comorbidity Index (NCI-CCI)'2 were included as measures

of illness burden. The NCI-CCI is an aggregate measure of
comorbidity burden specific to cancer, reflecting both the
Deyo and Romano adaptations of the Charlson index and
excluding all cancer-related diagnoses. Breast cancer-related
treatment was measured in the follow-up period only for those
with at least 3 months of continuous postindex enrollment.
Possible treatments included surgery (lumpectomy or mas-
tectomy), radiation therapy, and antineoplastic mono- or
combination hormonal, biologics-based, or chemotherapy.
Mortality status was available for 10,086 (33%) of all study
patients using the MarketScan Death Denominator File. Dates
of death are available through December 31, 2012.

Statistical analysis

Categorical variables were summarized by frequency and
percentage. Continuous variables were reported by means
and standard deviations. Statistical comparisons were evalu-
ated using chi-square or exact tests for categorical measures
and analysis of variance or parametric tests for continuous
measures depending on the distributional properties of the
specific measure evaluated.

Kaplan—Meier product limit estimates of the probability
of survival were plotted as a function of time to provide a
visual comparison of the survival patterns among the study
cohorts.

Hazard ratios (HRs) for survival were adjusted for the
influence of covariates using Cox proportional-hazards
models. Covariates included receipt of HER2-targeted agents
at any time, disease stage at index (stage III vs stage 1V),
age group (18—44 years, 45-64 years, and =65 years), plan
type (comprehensive, point of service, health maintenance
organizations, consumer-driven/high-deductible health plans,
preferred provider/exclusive provider organizations, and
other/unknown), US census region (Northeast, North Central,
South, West, and unknown), urban vs rural residence, prein-
dex NCI-CCI, and preindex comorbidities (anemia, anxiety,
cardiac arrhythmia, coronary artery disease, congestive heart
failure, chronic obstructive pulmonary disorder, cerebrovas-
cular disease, depression, diabetes, and hypertension), as
well as preindex breast cancer treatments including surgery,
radiation therapy, chemotherapy, non-HER2 biologics, and
hormonal therapy. Two models were analyzed, one with all
patients and one using the subgroup of HER2-targeted agent
users. The aptness of the proportional-hazards assumption
was assessed visually with plots of the Schoenfeld residuals
for each covariate used in the model." The Cox proportional-
hazards model afforded direct inference about the influence
of each covariate on the probability of survival and provided
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estimates of HRs. HRs and their 95% confidence intervals
(ClIs) are reported.

Results
Study samples

Of the 509,035 women with a diagnosis of breast cancer
from January 1, 2008, through December 31, 2011, 88,334
(17.3%) had a stage III or stage IV metastases diagnosis
(Figure 1). After screening for age (n=88,326), continuous
enrollment (n=40,249), evidence of new diagnoses for
stage III or stage IV metastases (N=35,205), and exclu-
sionary diagnoses (n=30,660), a total of 30,660 women
(6.0%) were eligible for inclusion in the study. Of the eli-
gible population, 4,405 (14.4%) received HER2-targeted
agents at some point during the study period. Of these
4,405 patients, 57.0% indexed with stage 11T and 43.0% with
stage IV disease; 17.7% of these were in the age group of
18—44 years, 67.8% were in the 45- to 64-year range, and
14.6% were aged =65 years.

Patients with and without receipt of HER2-targeted
agents

Compared to patients without HER2-targeted agents, those
with HER2-targeted agents were younger (mean age [stan-
dard deviation], 55 [11] vs 59 [13] years; P<<0.001) and were
less likely to have Medicare as the primary payer (15% vs
27%; P<<0.001) (Table 1). Patients were enrolled predomi-
nantly in preferred provider organization (PPO), exclusive
provider organization (EPO), and health maintenance orga-
nization (HMO) plans and resided primarily in the southern
and north central regions of the US.

Similar proportions of patients with HER2-targeted
agents and no HER2-targeted agents had evidence of
earlier-stage breast cancer in the pre-index period (48%
each). A larger percentage of patients in the HER2-targeted
group underwent surgery for breast cancer in the pre-index
period compared to patients in the no HER2-targeted
group (20% vs 17%; P<<0.001). HER2-targeted patients
had higher rates of preindex adjuvant/neoadjuvant chemo-

Women with at least 1 inpatient or 2 outpatient claims for breast cancer (ICD-9-CM: 174.xx) during
2008-2012
N=509,935

Evidence of stage Il or stage IV metastases within 60 days of breast cancer diagnosis. Earliest claim
was index date
N=88,334

Age 18 or older on index date
N=88,326

At least 12 months of continuous enroliment before the index date
N=40,249

Newly diagnosed with stage Il or stage IV breast cancer on index date (no claims for stage Il or
stage IV metastases in 12 months before index date)
N=35,205

No primary cancer other than breast cancer during the pre-index period, and no HIV/AIDS or pregnancy
during the pre-index or post-index periods
N=30,660

HER2-targeted agents

No HER2-targeted agents

N=4,405

Disease stage
Stage Ill: N=2,512
Stage IV: N=1,893
Age group
Age 18-44: N=778
Age 45-64: N=2,985
Age >65: N=642

Figure | Sample selection.

N=26,255

Abbreviations: HER2, human epidermal growth factor receptor 2; ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification.
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Table | Demographic characteristics and clinical history by HER2-
targeted agent status

No HER2- HER2-
targeted targeted
agents agents
All patients, N 26,255 4,405
Age (years), mean (SD) 59.0 (12.6) 54.7 (11.1)
Urban 84.2% 84.2%
Payer 2
Commercial 72.6% 85.2%
Medicare 27.4% 14.8%
Insurance plan type 2
Comprehensive 14.1% 8.9%
EPO or PPO 52.4% 57.4%
POS 8.1% 8.4%
HMO 16.5% 15.1%
CDHP or HDHP 4.1% 4.9%
Unknown 4.8% 5.3%
Earlier-stage breast cancer diagnosis 48.0% 48.3%
Surgery for breast cancer® 16.6% 19.9%:
Adjuvant/neoadjuvant treatment® 52.7% 74.3%
Radiation therapy® 9.6%* 11.6%°
Antineoplastic treatment®
Any antineoplastic treatment® 59.5% 75.8%*
Treatment with hormone therapy ~ 41.3% 29.7%
Treatment with chemotherapy 22.9% 45.1%:
Treatment with biologics therapy 3.1% 58.6%*
Treatment with HER2-targeted ~ 0.0% 58.3%"
agents
NCI-CCI group® 2
0 71.3% 76.3%
| 19.5% 17.5%
2 5.8% 4.2%
3+ 3.4% 1.9%
Comorbidities
Anemia 9.2% 10.1%*
Anxiety/depression 7.2% 8.0%
Cardiac arrhythmia 8.7% 5.7%
Cerebrovascular disease 4.0% 2.2%*
Congestive heart failure 2.4% 2.1%
Coronary artery disease 6.4% 4.4%
Chronic obstructive pulmonary 4.4% 2.8%*
disorder
Diabetes 13.3% 10.4%*
Hypertension 36.0% 29.0%*
Number of metastasis sites at index, 1.26 (0.63) 1.30 (0.69)
mean (SD)
Disease stage
Stage Il 54.8% 57.0%¢
Stage IV 45.2% 43.0%*

Notes: N, number of patients meeting study selection criteria. *P-value compared
with no HER2-targeted agents <0.001; the denominator for the percentages is
the number of patients with a diagnosis of an earlier-stage breast cancer; “P-value
compared with no HER2-targeted agents <0.05; ¢P-value compared with no HER2-
targeted agents <<0.0l; °National Cancer Institute adaptation of the Charlson
Comorbidity Index.

Abbreviations: CDHP, consumer-driven health plan; EPO, exclusive provider
organization; HDHP, high-deductible health plan; HER2, human epithelial growth
factor receptor 2; HMO, health maintenance organization; NCI-CCI, National
Cancer Institute adaptation of the Charlson Comorbidity Index; POS, point of
service; PPO, preferred provider organization; SD, standard deviation.

therapy (74% vs 53%), radiation treatment (12% vs 10%),
and lower use of non-HER2 biologics (0% vs 3%) and
hormones (30% vs 41%); all P<<0.005. Those not receiving
HER2-targeted agents had a greater proportion of patients
in the higher NCI-CCI comorbidity score groups compared
to those receiving HER2-targeted agents (P<<0.001) during
the pre-index period. The no HER2-targeted patients were
more likely to be at stage IV (45% vs 43%; P=0.005) but
had fewer metastasis sites at index (1.26 vs 1.30; P<<0.001).
As expected, fewer HER2-targeted agent patients had pre-
index period comorbid conditions of cardiac arrhythmia
(6% vs 9%, P<<0.001), cerebrovascular disease (2% vs 4%,
P<0.001), coronary artery disease (4% vs 6%, P<<0.001),
and hypertension (29% vs 36%, P<<0.001).

HER2-targeted agent recipients by disease

stage and age group

Among HER2-targeted patients, stage I'V patients were older
than stage III patients (age 56 years vs 54 years; P<<0.001)
and were more likely to be covered by Medicare (18% vs 13%,
P<0.001) (Table 2). The proportion of patients with evidence
of breast cancer in the pre-index period was higher among
stage IV patients compared to those with stage II1 (73% vs
30%; P<<0.001) and increased with age (18—44 years: 44%;
45-64 years: 48%; and =65 years: 54%; P<<0.001). Similarly,
the percentage of patients with NCI-CCI comorbidity scores
=2 was higher among stage IV patients and those of older
ages (P=0.015 for number of patients with NCI-CCI scores
of 0, 1, 2, and 3+). Stage IV patients with breast cancer in
the pre-index period were more likely to receive preindex
radiation therapy (14% vs 8%; P<<0.001) and antineoplas-
tics compared to stage III patients, with the exception of
chemotherapy (54% vs 40%; P<<0.001). Among stage III
patients, the locations of index metastatic occurrence were
lymph nodes of the axilla and the upper limb for 96% and
lymph nodes of the head, face, and neck for 3% of patients.
At index, 20% of stage IV patients had liver metastases,
14% lung metastases, 41% bone metastases, and 15% brain
metastases. As age increased, the proportion of patients with
stage [V disease at index increased (ages 18—44 years: 36%;
45-64 years: 43%; =65 years: 51%; P<<0.001). Accordingly,
liver, lung, bone, and brain metastases were found in increas-
ing proportions of patients by age.

Treatment characteristics

Significant differences were found in the mean length of
follow-up between HER2-targeted and no HER2-targeted
patients (702 [445] days vs 659 [449]; P<<0.001) (Table 3).
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Table 2 Demographic characteristics and clinical history of patients with HER2-targeted agents

Patients with HER2-targeted agents

Stage Il Stage IV Aged 18-44 Aged 45-64 Aged =65
All patients, N 2,512 1,893 778 2,985 642
Age (years), mean (SD) 53.7 (10.9) 56.0 (11.4) 38.9 (4.3) 54.8 (5.5) 73.3 (6.4)?
Age group (years) 2 2
1844 19.8% 14.8% 100.0% 0.0% 0.0%
45-64 67.7% 67.8% 0.0% 100.0% 0.0%
=65 12.5% 17.3% 0.0% 0.0% 100.0%
Urban 84.4% 84.1% 86.8% 83.4% 85.0%
Payer : :
Commercial 87.3% 82.4% 100.0% 99.6% 0.3%
Medicare 12.7% 17.6% 0.0% 0.4% 99.7%
Insurance plan type 2 2
Comprehensive 7.9% 10.3% 1.9% 3.9% 41.0%
EPO or PPO 58.0% 56.6% 58.4% 60.3% 42.4%
POS 7.6% 9.5% 10.3% 9.4% 1.9%
HMO 14.8% 15.5% 18.1% 14.8% 13.1%
CDHP or HDHP 6.0% 3.4% 6.8% 5.4% 0.2%
Unknown 5.7% 4.7% 4.5% 6.3% 1.6%
Earlier-stage breast cancer diagnosis 29.9% 72.8%" 43.6% 48.3% 54.2%
Surgery for breast cancer® 20.0% 19.9%* 23.9% 19.7% 17.0%
Adjuvant/neoadjuvant treatment® 70.0% 76.6%* 79.0% 73.9% 69.5%¢
Radiation therapy® 7.7% 13.7% 13.9% 11.7% 8.9%
Antineoplastic treatment®
Any antineoplastic treatment 71.9% 78.0%° 82.9% 75.1% 72.1%¢
Treatment with hormone therapy 17.6% 36.3%* 33.3% 27.6% 35.1%¢
Treatment with chemotherapy 54.4% 40.1%* 50.7% 45.7% 37.4%°
Treatment with biologics therapy 57.2% 59.4%* 62.8% 59.5% 50.9%¢
Treatment with HER2-targeted agents 57.1% 58.9%" 62.8% 59.2% 50.0%°
NCI-CCI group® ¢ 2
0 77.7% 74.6% 87.5% 77.7% 56.7%
| 17.0% 18.2% 10.2% 17.2% 27.9%
2 3.8% 4.7% 1.9% 3.8% 8.7%
3+ 1.5% 2.5% 0.4% 1.3% 6.7%
Comorbidities
Cardiac arrhythmia 5.7% 5.7% 2.4% 4.6% 14.6%*
Cerebrovascular disease 2.2% 2.3% 0.4% 1.9% 6.2%
Congestive heart failure 1.3% 3.2% 0.9% 1.8% 4.8%*
Coronary artery disease 3.7% 5.3%¢ 1.0% 3.5% 12.8%*
Hypertension 29.1% 28.8% 8.9% 28.6% 55.3%*
Number of metastasis sites at index, mean (SD) 1.17 (0.50) 1.49 (0.85)° 1.24 (0.62) 1.32 (0.71) 1.31 (0.68)¢
Disease stage
Stage Ill 100.0% 0.0%* 63.9% 57.0% 48.9%*
Stage IV 0.0% 100.0%* 36.1% 43.0% 51.1%

Notes: N, number of patients meeting study selection criteria. *P-value compared to corresponding HER2-targeted agent subgroup(s) <0.001; *the denominator for the
percentages is the number of patients with a diagnosis of an earlier-stage breast cancer; ‘P-value compared to corresponding HER2-targeted agent subgroup(s) <0.01; ¢P-value
compared to corresponding HER2-targeted agent subgroup(s) <0.05; °National Cancer Institute adaptation of the Charlson Comorbidity Index.

Abbreviations: CDHP, consumer-driven health plan; EPO, exclusive provider organization; HDHP, high-deductible health plan; HER2, human epithelial growth
factor receptor 2; HMO, health maintenance organization; NCI-CClI, National Cancer Institute adaptation of the Charlson Comorbidity Index; POS, point of service;

PPO, preferred provider organization; SD, standard deviation.

Inpatient death was the reason for end of follow-up in 7% of
HER2-targeted patients and 8% of patients without HER2-
targeted agents. Of those with at least 3 months of follow-up,
a greater proportion of those with HER2-targeted agents
received postindex breast cancer surgery (53% vs 47%), radi-
ation (65% vs 54%), and non-HER?2 antineoplastic therapies
(89% vs 83%) than patients with no HER2-targeted agents.

Compared to patients without HER2-targeted agents, patients
receiving HER2-targeted agents had lower levels of hormone
therapy (56% vs 78%) and non-HER2 biologics (5% vs 8%),
both P<<0.001. Chemotherapy use was higher among HER2-
targeted patients (85% vs 58%, P<<0.001), presumably
reflecting the high use of HER2-targeted agents that are
usually combined with chemotherapy. Notably, among the
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Table 3 Treatment characteristics by HER2-targeted agent status

No HER2- HER2-
targeted targeted
agents agents
All patients, N 26,255 4,405
Length of follow-up (days), mean (SD) 659 (449) 702 (445)°
Reason for end of follow-up :
Enrollment end 50.5% 49.6%
Inpatient death 8.3% 6.8%
Study end (December 31, 2012) 41.2% 43.6%
Patients with 3 months CE 92.5% 96.2%"
Breast cancer treatment
Surgery® 46.9% 53.0%°
Radiation therapy® 54.1% 65.2%
HER2-targeted agents® 0.0% 94.6%*
Hormone, biologics, or chemotherapy*
Any antineoplastic agent® 83.1% 88.5%"
Hormone therapy only? 41.4% 15.0%*
Biologics therapy only<¢ 0.3% 0.2%
Chemotherapy only® 18.7% 41.2%
Hormones and biologics therapy  0.4% 0.1%¢
Hormone and chemotherapy® 32.2% 38.9%*
Biologics and chemotherapy<* 3.5% 2.7%°
Hormone, biologics, and 3.6% 1.8%*

chemotherapy“

Notes: N, number of patients meeting study selection criteria. *P-value compared
to no HER2-targeted agents <0.001; ®the denominator for the percentages is the
number of patients with at least 3 months continuous enrollment; ‘excludes HER2-
targeted agents; ‘“the denominator for the percentages is the number of patients with
antineoplastic treatments; °P-value compared to no HER2-targeted agents <0.05.
Abbreviations: CE, continuous enrollment; HER2, human epithelial growth factor
receptor 2; SD, standard deviation.

HER?2-targeted agent users, 58% used HER?2 biologics in the
pre-index period and 95% in the follow-up, indicating that
some patients discontinued the use of HER2 biologics after
their index metastases, potentially due to disease progression
or adverse reactions.

Among users of HER2-targeted agents, the mean length
of follow-up for stage III patients was 100 days longer than
for stage IV patients (745 vs 645, P<<0.001) and declined
by approximately 20 days with each increasing age group
but did not reach statistical significance (Table 4). Among
HER2-targeted patients with at least 3 months follow-up,
postindex breast cancer surgery was greater among stage 111
patients than among stage IV patients (78% vs 19%) and
decreased with age (62% for age group 18—44 years, 53% for
age group 4564 years, 42% for the group aged =65 years);
both P<<0.001. Postindex, stage I1I patients were more likely
(P<0.001) to have radiation therapy (72% vs 56%) and
be treated with HER2-targeted agents (97% vs 91%) and
other antineoplastics (92% vs 84%) compared to stage IV
patients. Radiation therapy declined in the HER2-targeted
patients postindex with increasing age (18—44 years: 70%;
45-64 years: 65%; =65 years: 61%; P<<0.001). Use of
HER2-targeted agents and antineoplastics also declined
with increasing age, but these did not reach statistical
significance.

Table 4 Treatment characteristics among patients with HER2-targeted agents

Patients with HER2-targeted agents

Stage IlI Stage IV Aged 18-44 Aged 45-64 Aged =65
All patients, N 2,512 1,893 778 2,985 642
Length of follow-up (days), mean (SD) 745 (439) 645 (446)° 725 (438) 700 (443) 687 (462)
Reason for end of follow-up 2 :
Enrollment end 46.3% 53.9% 48.7% 49.8% 49.5%
Inpatient death 2.8% 12.0% 3.9% 6.7% 10.6%
Study end (December 31, 2012) 50.8% 34.0% 47.4% 43.4% 39.9%
Patients with 3 months CE 97.9% 94.0% 97.4% 96.3% 94.5%"
Breast cancer treatment
Surgery® 77.5% 19.1% 62.3% 53.0% 41.5%
Radiation therapy® 71.7% 56.1% 70.4% 64.7% 60.6%"
HER2-targeted agent* 97.3% 90.9%:* 95.6% 94.6% 93.2%
Hormone, biologics, or chemotherapy?
Any antineoplastic agent*? 91.5% 84.3%* 89.7% 88.5% 87.1%
Hormone therapy only® 10.4% 21.9% 15.7% 13.5% 21.2%
Biologics therapy only®e 0.0% 0.5%* 0.0% 0.2% 0.2%
Chemotherapy only® 43.5% 37.8% 38.5% 42.0% 40.6%
Hormone and biologics therapy?e 0.1% 0.2% 0.1% 0.2% 0.0%
Hormone therapy and chemotherapy® 43.4% 32.1% 41.9% 39.2% 33.6%
Biologics and chemotherapyd® 1.6% 4.5% 2.4% 2.9% 2.5%
Hormone, biologics, and chemotherapy?® 1.0% 3.1% 1.3% 2.0% 1.9%

Notes: N, number of patients meeting study selection criteria; *P-value compared to corresponding HER2-targeted agent subgroup(s) <0.001; ®P-value compared to
corresponding HER2-targeted agent subgroup(s) <0.05; ‘the denominator for the percentages is the number of patients with at least 3 months continuous enrollment;
dexcludes HER2-targeted agents; °the denominator for the percentages is the number of patients with antineoplastic treatments; P-value compared to corresponding HER2-
targeted agent subgroup(s) <0.01.

Abbreviations: CE, continuous enrollment; HER2, human epithelial growth factor receptor 2; SD, standard deviation.
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Survival analysis models

Survival analysis was performed for the subset of patients
who could be linked to the Social Security Administration
death files (N=10,086). Figure 2 shows the unadjusted
Kaplan—Meier product limit estimates of the probability
of survival 1) for patients with and without HER2-targeted
agents and 2) for disease stage and age group stratifications
among HER2-targeted agent users.

Two multivariate models were analyzed for survival,
adjusting for patient demographics and clinical characteristics:
one based on all patients and one based on the subgroup of
HER2-targeted agent users. Across both multivariate models,
consistent patterns were seen for predictors of survival. Older
age, advanced disease stage, and preindex use of chemotherapy
and radiation therapy were associated with shorter survival,
while preindex breast cancer surgery reduced the risk of death.
Preindex hormone use was not statistically significant.

After adjusting for patient characteristics, multivariate
results suggested that patients receiving HER2-targeted
agents (as a proxy for HER2-positive status) had a sig-
nificantly decreased adjusted hazard of death compared to
patients without HER2-targeted agents (HR =0.804; 95% CI:
0.704-0.919; P=0.001) (Table 5). In the model based on all
patients, the predictors of longer survival were preindex
breast cancer surgery and residence in the western portion

of the US. Predictors of shorter survival included older age,
advanced disease stage, preindex radiation therapy, preindex
use of chemotherapy or non-HER2 biologics, comorbid
anemia, congestive heart failure, chronic obstructive pulmo-
nary disease, and enrollment in comprehensive health plans
(P<<0.05). The adjusted hazard was statistically significantly
increased for women with stage [V disease compared to those
with stage III disease (HR =4.204; 95% CI: 3.790—4.663).

Among those women who received HER2-targeted
agents, older age and advanced disease stage were sig-
nificantly associated with the hazard of death (Table 6).
Women with stage IV disease at index had 4.95 times the
risk of death compared to women with stage III disease at
index (95% CI: 3.633-6.758). Compared with women aged
45—64 years, those of age =65 years had an increased risk of
death (HR =1.460; 95% CI: 1.030-2.071). Preindex surgery
and residence in regions of the US other than the South were
predictors of longer survival (P<<0.05) Predictors of shorter
survival included preindex radiation therapy, preindex use of
chemotherapy or non-HER?2 biologics, and comorbid cardiac
arrhythmia (P<<0.001).

Discussion
Recent data indicate that the introduction of HER2-targeted
agents in standard therapy has significantly improved the
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Figure 2 Unadjusted Kaplan—Meier product limit estimates of the probability of survival.

Notes: (A) Unadjusted survival K-M plots for HER2-targeted agents vs no HER2-targeted agents; (B) unadjusted survival K—M plots for stage Ill vs stage IV among patients
with HER2-targeted agents; (C) unadjusted survival K-M plots, by age group among patients with HER2-targeted agents.

Abbreviations: HER2, human epithelial growth factor receptor 2; K-M plots, Kaplan—Meier plots.
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Table 5 Adjusted Cox proportional-hazard modeling results among all patients

Parameter Hazard Lower Upper P-value
ratio 95% confidence 95% confidence
limit limit
Receipt of HER2-targeted agents (pre- or postindex) 0.804 0.704 0.919 0.0013
Age group (reference: ages 45-64)
Ages 1844 0.977 0.829 I.151 0.7820
Ages =65 1.693 1.525 1.878 <0.0001
Rural (reference: urban) 1.046 0.929 1.177 0.4569
Insurance plan type (reference: PPO/EPO)
Comprehensive 1.243 1.107 1.395 0.0002
Point of service 0.874 0.759 1.006 0.0607
HMO 0.881 0.773 1.004 0.0579
CDHP or HDHP 0.782 0.605 1.010 0.0594
Unknown 1.020 0.746 1.396 0.8995
US census region (reference: South)
Northeast 0.883 0.774 1.008 0.0654
North Central 0.940 0.846 1.045 0.2545
West 0.731 0.647 0.825 <0.0001
Unknown 1.727 0.551 5411 0.3481
Preindex NCI-CClI 1.056 0.988 1.129 0.1095
Preindex comorbidities
Anemia 1.306 1.160 1.470 <0.0001
Anxiety 1.030 0.845 1.255 0.7715
Coronary artery disease 0.991 0.852 1.154 0.9091
Cardiac arrhythmia 1.140 0.993 1.309 0.0636
Congestive heart failure 1.398 1.131 1.728 0.0019
Chronic obstructive pulmonary disorder 1.326 I.113 1.579 0.0015
Cerebrovascular disease 0.847 0.692 1.037 0.1080
Depression 0.952 0.800 1.133 0.5810
Diabetes 1.062 0.919 1.226 04172
Hypertension 1.066 0.977 I.164 0.1520
Disease stage (reference: stage Ill)
Stage IV 4.204 3.790 4.663 <0.0001
Preindex breast cancer treatments
Surgery for breast cancer 0.537 0.460 0.626 <0.0001
Radiation therapy 1.315 1.119 1.544 0.0009
Preindex antineoplastic treatments
Treatment with chemotherapy 1.922 1.707 2.163 <0.0001
Treatment with hormone therapy 0.994 0.907 1.088 0.8925
Treatment with non-HER?2 biologics 1.456 1.176 1.804 0.0006

Abbreviations: CDHP, consumer-driven health plan; EPO, exclusive provider organization; HDHP, high-deductible health plan; HER2, human epithelial growth factor receptor 2;
HMO, health maintenance organization; NCI-CCI, National Cancer Institute adaptation of the Charlson Comorbidity Index; PPO, preferred provider organization.

prognostic outcomes for patients with HER2-positive mBC.
Using a large national administrative claims database, this
study examined real-world evidence on treatment character-
istics and predictors of survival in women newly diagnosed
with stage I1I and stage IV breast cancer by receipt of HER2-
targeted agents.

Results from our study indicate that receipt of HER2-
targeted agents is significantly associated with longer
survival. After adjusting for clinically relevant patient char-
acteristics, women with receipt of HER2-targeted agents had
a20% reduced risk of death compared to patients not receiv-
ing HER2-targeted agents (Table 7). Among all patients and

the subset of HER2-targeted agent users, stage IV patients
and those in the oldest age group had a higher adjusted risk
of death; preindex breast cancer surgery reduced the risk of
death, while preindex radiation therapy, chemotherapy, and
non-HER?2 biologics increased this risk. These findings are
consistent with those from several recent studies that have
shown better survival outcomes in HER2-positive patients
compared to HER2-negative patients. Using a cohort of
2,091 women with metastatic stage IV breast cancer from
a single institution, Dawood et al'® found that women with
HER2/neu-positive disease who received trastuzumab as
first-line therapy had a 44% decreased risk of death compared
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Table 6 Adjusted Cox proportional-hazard modeling results among patients treated with HER2-targeted agents

Parameter Hazard Lower Upper P-value
ratio 95% confidence 95% confidence
limit limit
Age group (reference: ages 45-64)
Ages 1844 0.723 0.478 1.094 0.1252
Ages =65 1.460 1.030 2.071 0.0337
Rural (reference: urban) 0.729 0.488 1.091 0.1244
Insurance plan type (reference: PPO/EPO)
Comprehensive 1.382 0.920 2.078 0.1196
Point of service 1.036 0.721 1.488 0.8484
HMO 1.077 0.746 1.555 0.6933
CDHP or HDHP 0.515 0.209 1.268 0.1489
Unknown 1.050 0.383 2.880 0.9247
US census region (reference: South)
Northeast 0.558 0.360 0.863 0.0088
North Central 0.639 0.462 0.884 0.0068
West 0.632 0.442 0.903 0.0117
Preindex NCI-CClI 0.927 0.716 1.200 0.5641
Preindex comorbidities
Anemia 0.716 0.467 1.097 0.1251
Anxiety 1.012 0.536 1.910 0.9714
Coronary artery disease 1.123 0.676 1.868 0.6537
Cardiac arrhythmia 1.887 1.146 3.107 0.0126
Congestive heart failure 0.469 0.160 1.370 0.1660
Chronic obstructive pulmonary disorder 1.331 0.616 2.876 0.4668
Cerebrovascular disease 0.990 0.354 2.765 0.9848
Depression 0.677 0.368 1.247 0.2110
Diabetes 1.342 0.810 2224 0.2541
Hypertension 1.040 0.782 1.385 0.7867
Disease stage (reference: stage Ill)
Stage IV 4.955 3.633 6.758 <0.0001
Preindex breast cancer treatments
Surgery for breast cancer 0.353 0.222 0.559 <0.0001
Radiation therapy 1.869 1.199 2912 0.0057
Preindex antineoplastic treatments
Treatment with chemotherapy 1.717 1.290 2.285 0.0002
Treatment with hormone therapy 0.775 0.572 1.049 0.0993
Treatment with non-HER?2 biologics 2.174 1.033 4.577 0.0409

Abbreviations: CDHP, consumer-driven health plan; EPO, exclusive provider organization; HDHP, high-deductible health plan; HER2, human epithelial growth factor
receptor 2; HMO, health maintenance organization; NCI-CCI, National Cancer Institute adaptation of the Charlson Comorbidity Index; PPO, preferred provider

organization.

with women with HER2/neu-negative disease. In a study of
273 mBC patients starting first-line chemotherapy at a single
oncology clinic, Thientosapol et al'* reported that patients
with HER2-positive tumors lived significantly longer than
those with HER2-negative tumors (HR =0.49; 95% CI:
0.34-0.72; P<<0.001) due to favorable responses to HER2-
targeted therapy.

Several studies®!®!>!¢ have also reported a range of
prognostic factors for women with metastatic breast cancer,
including factors such as age at diagnosis, hormone recep-
tor status, human HER?2 status, and site of metastases, for
predicting survival from the time of metastases. In a cohort of
1,038 women with relapsed mBC, Largillier et al'® reported

that age at initial diagnosis, site of metastasis, and hormone
receptor status were independent prognostic factors for
survival following the development of metastatic disease.
Dawood et al'® found that factors significantly associated
with improved survival included younger age at diagnosis,
positive hormone receptor status, lower grade of disease,
and absence of visceral metastasis. However, due to large
amounts of missing data, neither of these studies was able
to adjust for HER2 status. Other studies have reported that
age and hormone status are not clear predictors of survival.
In a recent study of women with early-stage HER2-positive
breast cancer, Partridge et al® found that age was not strongly
associated with improved survival but noted that future
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Table 7 Adjusted and unadjusted hazard ratios for death

Unadjusted Adjusted
Hazard ratio Lower 95% CL Upper 95% CL Hazard ratio Lower 95% CL Upper 95% CL
Receipt of HER2-targeted agents 0.780 0.686 0.887 0.804* 0.704 0.919
HER2-targeted agent user subgroups
Stage IV vs stage Il 5.079 3.793 6.800 4.955% 3.633 6.758
Ages 1844 vs 4564 0.607 0.404 0910 0.723 0.478 1.094
Ages =65 vs 45-64 1.739 1.300 2.325 1.460* 1.030 2.071

Notes: Covariates in the adjusted models included receipt of HER2-targeted agents (in the all-patient model), disease stage at index, age group, plan type, US census region,
urban vs rural residence, preindex National Cancer Institute adaptation of the Charlson Comorbidity Index, preindex comorbidities (anemia, anxiety, cardiac arrhythmia,
coronary artery disease, congestive heart failure, chronic obstructive pulmonary disorder, cerebrovascular disease, depression, diabetes, and hypertension), preindex breast
cancer surgery, radiation therapy, chemotherapy, non-HER2 biologics, and hormonal therapy. *P<<0.05.

Abbreviations: CL, confidence limit; HER2, human epithelial growth factor receptor 2.

research should examine whether age is a predictor of later
recurrence.

Compared to patients with no HER2-targeted agents,
our study found that patients with HER2-targeted agents
received more aggressive pre- and postindex cancer treat-
ments compared to patients without HER2-targeted agents.
Although those with HER2-targeted agents were younger and
had significantly lower comorbidity, they had higher rates of
preindex breast cancer surgery, adjuvant/neoadjuvant che-
motherapy, radiation treatment, and antineoplastic treatments
(except for hormone therapy). Similarly, among patients
with at least 3 months of follow-up, patients with HER2-
targeted agents had higher rates of postindex breast cancer
surgery, radiation therapy, and non-HER2 antineoplastic
treatments, compared to no HER2-targeted agent patients.
Of those receiving any antineoplastics during the follow-up
period, HER2-targeted agent users had a higher rate of che-
motherapy use, but lower rates of therapy with hormones and
non-HER?2 biologics. The clinical history and breast cancer
treatment differences between these cohorts partly reflect
differential treatment patterns of HER2-positive and HER2-
negative breast cancer patients. National Comprehensive
Cancer Network guidelines recommend regimens containing
trastuzumab and chemotherapy as preferred first-line agents
in the treatment of HER2-positive mBC. Higher rates of
pre- and postindex chemotherapy compared to patients with
no HER2-targeted therapy are likely to be due to combined
treatment of HER2-targeted therapy and chemotherapy
regimens. More aggressive treatments may also be explained
by the differences in mean age and disease stage between
the cohorts. Users of HER2-targeted agents were younger
and comprised a larger proportion of patients with stage II1
disease, factors that have been associated with more aggres-
sive treatments.

A recent survey!” of surgeons and oncologists found that
comorbidity and age were the factors most likely to affect an

oncologist’s treatment decision (34% and 25%, respectively)
on the use of trastuzumab in HER2-positive breast cancer
patients. The study'” found that as age and comorbidity
increased, the likelihood of oncologists prescribing chemo-
therapy in addition to trastuzumab decreased. These results
are consistent with pre- and postindex treatments observed in
patients with HER2-targeted agents. Pre- and postindex use
of chemotherapy was significantly lower for stage IV patients
compared to that for stage III patients. Similarly, patients
aged =65 had significantly lower rates of pre- and postin-
dex chemotherapy compared to younger patients (P<<0.05).
A study* of elderly patients with HER2-positive mBC found
that compared to younger patients, elderly patients were
the least likely to receive trastuzumab in combination with
chemotherapy and were most likely to receive trastuzumab
alone or in combination with hormonal therapy, consistent
with the findings of our study.

Several limitations to this study should be noted. This
was a retrospective, observational study using administrative
claims data. In addition to the limitations inherent in any
retrospective analysis, administrative claims are collected for
payment purposes and the determination of breast cancer or
any clinical outcomes is dependent on the completeness and
accuracy of medical coding, which is subject to data coding
restrictions and data entry error. Diagnoses for metastases
may be undercoded in administrative claims. Therefore, the
study may have excluded breast cancer patients who should
have been included or may have incorrectly classified patients
as having stage III or stage IV breast cancer. Death occurring
outside of an inpatient setting is not identifiable from the
claims data, and patients who die in nonhospital settings will
appear as disenrolled in the data. Due to changes in the avail-
ability of death information reported by the Social Security
Administration, mortality rates were potentially underesti-
mated for deaths occurring after November 2011. Another
limitation is that there might be characteristics that are not
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observable in claims data and may also be confounding
factors which cannot be controlled for in this study. Finally,
because this study was limited to individuals with commercial
health coverage or private Medicare supplemental coverage,
results may not be generalizable to breast cancer patients with
other insurance or without health insurance coverage.

Conclusion

Receipt of HER2-targeted agents was significantly associ-
ated with younger age and receipt of pre- and postindex
breast cancer treatments. Clinical history and differences
in breast cancer treatment between these groups partly
reflect differential treatment patterns of HER2-positive
and HER2-negative breast cancer patients. Among patients
receiving HER2-targeted agents, treatment characteristics
for the HER2-targeted agent cohort differ by disease stage
and age group.
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