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A B S T R A C T

Purpose
Few data are available regarding adjuvant trastuzumab use in older women with early-stage breast
cancer. We examined rates and predictors of adjuvant trastuzumab completion and cardiac events
in this population.

Patients and Methods
We used Surveillance, Epidemiology, and End Results (SEER)-Medicare data to identify patients
age � 66 years with stage I to III breast cancer diagnosed between 2005 and 2009 who received
trastuzumab. Completion of trastuzumab was defined as receipt of more than 270 days of therapy.
We used multivariable logistic regression to examine patient, clinical, and geographic character-
istics associated with trastuzumab completion. We also examined rates of hospital admissions for
cardiac events.

Results
Among 2,028 women, most (71.2%) were younger than age 76 years and had a comorbidity score
of 0 (66.8%); 85.2% received trastuzumab with chemotherapy. Overall, 1,656 women (81.7%)
completed trastuzumab. Older patients and those with more comorbidity had lower odds of
treatment completion (odds ratio [OR], 0.40 [95% CI, 0.30 to 0.55] for age � 80 years v age 66 to
70 years; OR, 0.65 [95% CI, 0.49 to 0.88] for comorbidity score of 2 v 0). During treatment, 73
patients (3.6%) were hospitalized for cardiac events (2.6% of those who completed trastuzumab
v 8.1% of those who did not; P � .001).

Conclusion
Most older patients who initiated adjuvant trastuzumab completed therapy. Age and comorbidity
were among factors that were associated with treatment completion, and rates of significant
cardiac events were higher in those who did not complete therapy. Further exploration of toxicities
and optimal treatments for older women with human epidermal growth factor receptor 2–positive
breast cancer are warranted.

J Clin Oncol 32:927-934. © 2014 by American Society of Clinical Oncology

INTRODUCTION

HER2/neu (human epidermal growth factor recep-
tor 2) protein overexpression or gene amplification
occurs in approximately 25% of primary breast car-
cinomas and is associated with poor prognosis in the
absence of adjuvant treatment.1,2 In 2005, adminis-
tration of adjuvant trastuzumab became the stan-
dard of care for women with HER2/neu-positive
breast cancer after results from large randomized
trials were presented, demonstrating an approxi-
mately 50% reduction in the risk of relapse when
trastuzumab was added to standard chemotherapy,3-7

a benefit apparent regardless of patient age.7

Trastuzumab administration is a costly and
time-intensive treatment. Although it is possible

that patients may benefit from shorter durations
of trastuzumab,8 several studies have recently
confirmed 1 year of therapy as the standard of
care.7,9 Although trastuzumab is generally well
tolerated, a risk for cardiotoxicity has been de-
scribed, especially among patients with pre-
existing risk factors, such as older age or low
ventricular ejection fraction.10

Currently, data are limited regarding the use
and toxicity of trastuzumab outside clinical trials.
Available results largely summarize the experiences
of younger women, given that they represent the
majority of patients enrolled onto breast cancer pro-
tocols. A study from the National Comprehensive
Cancer Network (NCCN) suggested that adjuvant
trastuzumab use may be lower for older women and
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those with higher comorbidity, but the analysis included relatively few
older women.11 In a recent report using Surveillance, Epidemiology,
and End Results (SEER)-Medicare data, the adjusted 3-year cumula-
tive incidence of heart failure among older patients with early-stage
breast cancer receiving trastuzumab was 32.1 to 41.9 per 100 patients
(v 18.1 per 100 patients not treated with trastuzumab).12 Despite these
data, we have little understanding of the treatment patterns and feasi-
bility of trastuzumab in our oldest patients. In this study, we examined
completion rates of adjuvant trastuzumab and factors associated with
treatment completion in a large, population-based cohort of older
women. We also characterized the rates of hospitalizations as a result
of cardiac events.

PATIENTS AND METHODS

Data Source and Study Population

We used SEER registry data linked with Medicare claims. SEER-
Medicare data combine patient and cancer registry data from areas covering
28% of the US population with Medicare administrative data for individuals
enrolled in fee-for-service Medicare.13,14 Information on patient demograph-
ics, tumor characteristics, treatment use, and mortality for all incident cancers
was collected from medical records. The linkage includes matched Medicare
enrollment files for 93% of persons age 65 years or older in the SEER registry.14

For this study, we used the Medicare Provider Analysis and Review (MEDPAR)
files (inpatient services), the Hospital Outpatient Standard Analytic File (out-
patient services), and the 100% Physician/Supplier file (physicians’ services
and other medical services).

We identified women age � 66 years with a first invasive breast cancer
diagnosed from June 2005 to December 2009 who were enrolled in Parts A and

B fee-for-service Medicare during the 12 months before diagnosis (N �
68,965). We excluded women diagnosed at autopsy, those with no claims
around the time of diagnosis, and those with stage 0, unknown, or stage IV
disease (Fig 1). We then restricted the cohort to patients with at least one J code
for trastuzumab (J9355; n � 2,379). Finally, we excluded those not enrolled in
Parts A and B of fee-for-service Medicare after diagnosis (n � 91), those who
did not undergo cancer-directed surgery or did not receive trastuzumab as an
initial adjuvant regimen (n � 47), those who died within 1 year after starting
trastuzumab (n � 78), and those with less than 365 days of potential follow-up
time since trastuzumab initiation (n � 135). In total, 2,028 patients were
included in the analytic cohort (Fig 1).

Analytic Variables

The primary outcome of interest was completion of adjuvant trastu-
zumab, defined as receipt of more than 270 days of treatment (women who
received � 75% of the recommended 1 year of therapy).11 We calculated the
number of days from the first trastuzumab claim (J9355) until the last trastu-
zumab claim during the first 540 days after the initial trastuzumab claim. This
period was selected to include the entire adjuvant course and minimize inclu-
sion of trastuzumab regimens following relapse.

Independent variables included age at diagnosis (66 to 70, 71 to 75, 76 to
80, � 80 years), race/ethnicity (non-Hispanic white, non-Hispanic black,
Hispanic/other/unknown), comorbidity (Charlson index, 0, 1, � 2),15,16 tras-
tuzumab initiation year, median household income, and percent with high
school diplomas (based on US Census data, in quartiles; the 1% of patients
with missing ZIP Codes were assigned the median values and categorized in
quartile 2), marital status (single, separated/divorced/widowed), SEER region
(combining registries with similar completion rates given the small sample
sizes in many registries: California/Hawaii, Detroit, New Mexico, Atlanta/
Rural Georgia, Kentucky/Connecticut/Iowa/Seattle/Utah, Louisiana, New
Jersey), location of residence (major metropolitan, metropolitan/urban, less
urban/rural), tumor size (0 to 2, 2.1 to 3, � 3 cm, unknown), number of

Completed trastuzumab treatment*
(n = 1,656)

Did not complete trastuzumab treatment
(n = 372)

At least one J code for trastuzumab (J9355)
(n = 2,379)

Final cohort
(n = 2,028)

Diagnosed at autopsy or by death certificate (n = 678)
No claims for 45 days before or 180 days after (n = 283)
  diagnosis
Stage 0, unknown, or stage IV (n = 18,314)

Women age ≥ 66 with first invasive breast cancer (with histology likely to be treated by routine 
guidelines) who were diagnosed between June 2005 and December 2009 and who were 

enrolled in Parts A and B fee-for-service Medicare and not an HMO 12 months before diagnosis
(N = 68,965)

Enrolled in HMO and not Parts A and B (n = 91)
  fee-for-service Medicare within 18 months 
  after diagnosis
No cancer-directed surgery or did not receive (n = 47)
  trastuzumab as part of an initial adjuvant
  regimen
Patients died within 1 year after starting (n = 78)
  trastuzumab treatment
Patients with less than 365 days of potential (n = 135)
  follow-up time since trastuzumab initiation

Fig 1. Flow diagram of patient population. (*) Completion of trastuzumab was defined as more than 270 days of therapy. HMO, health maintenance organization.
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positive nodes (0, 1 to 3, 4 to 9, � 10, unknown), tumor grade (low/interme-
diate, high), hormone receptor status (positive if estrogen receptor–positive or
progesterone receptor–positive; negative if estrogen receptor–negative and
progesterone receptor–negative; the 5% of patients with unknown hormone
receptor status were considered hormone receptor–positive, consistent with
receptor status for most patients with breast cancer),14 type of surgery
(lumpectomy, mastectomy), and type of chemotherapy (anthracycline-taxane
based, anthracycline-based, taxane-based multidrug regimen, single taxane,
other chemotherapy, no chemotherapy; Appendix, online only).

Cardiac Hospitalizations

We assessed hospitalizations for cardiac events during two periods: (1)
the time from the first until the last dose of trastuzumab � 30 days and (2) 1
year after the last dose of trastuzumab. Our primary outcome of interest was
hospitalization with a primary diagnosis of congestive heart failure (Interna-
tional Classification of Diseases, 9th revision [ICD-9] for heart failure or
cardiomyopathy).12 To be more inclusive, we also examined admissions for
conduction disorders and dysrhythmia, myocardial infarction and angina,
and ill-defined cardiac conditions (Appendix).

Statistical Analysis

We compared rates of trastuzumab completion by prespecified indepen-
dent variables using �2 tests. We then performed a logistic regression model for
treatment completion with generalized estimating equations to account for
clustering within the SEER registry, controlling for all of the independent
variables described earlier.

We performed several sensitivity analyses. First, we repeated the model
after redefining completion of trastuzumab as receipt of more than 350 days of
treatment. Second, we repeated the model after redefining completion of
trastuzumab as receipt of more than 270 days of treatment with at least 13

Table 1. Patient Demographic and Clinical Characteristics Stratified by
Completion of Trastuzumab

Characteristic

Full Cohort %
Completing

Trastuzumab P�No. %

Overall 2,028 100 81.7
Age at diagnosis, years � .001

66-70 833 41.1 86.1
71-75 610 30.1 82.8
76-80 362 17.9 77.4
� 80 223 11.0 69.1

Race/ethnicity .01
Non-Hispanic white 1,668 82.3 82.6
Non-Hispanic black 143 7.1 72.7
Hispanic/other/unknown 217 10.7 80.7

SEER region† .86
California/Hawaii 684 33.7 81.0
Detroit 87 4.3 81.6
New Mexico 50 2.5 88.0
Atlanta/Rural Georgia 279 13.8 82.1
Kentucky/Connecticut/Iowa/Seattle/

Utah 500 24.7 82.8
Louisiana 132 6.5 81.1
New Jersey 296 14.6 80.1

Location of residence .35
Major metropolitan 1,079 53.2 81.2
Metropolitan/urban 756 37.3 81.4
Less urban/rural 193 9.5 85.5

Socioeconomic status, median income
(quartile) .33

1 (lowest) 486 24.0 82.1
2 522 25.7 79.1
3 508 25.1 82.1
4 (highest) 512 25.3 83.4

High school graduation rates (quartile) .98
1 (lowest) 503 24.8 81.9
2 508 25.1 81.5
3 508 25.1 82.1
4 (highest) 509 25.1 81.1

Marital status .01
Single‡ 996 49.1 79.4
Married 1,032 50.9 83.8

Charlson comorbidity score .03
0 1,354 66.8 83.0
1 449 22.1 80.4
� 2 225 11.1 76.0

Year of initiation of trastuzumab .044
2009 550 27.1 82.7
2008 481 23.7 85.7
2007 510 25.2 79.2
2006 425 21.0 79.3
2005 62 3.1 77.4

Tumor size, cm .71
0-2 936 46.2 82.6
2.1-3 526 25.9 81.6
� 3 518 25.5 80.1
Unknown 48 2.4 81.3

No. of positive nodes .03
0 975 48.1 84.4
1-3 544 26.8 79.4
4-9 260 12.8 80.4
� 10 136 6.7 77.2
Unknown 113 5.6 77.0

(continued in next column)

Table 1. Patient Demographic and Clinical Characteristics Stratified by
Completion of Trastuzumab (continued)

Characteristic

Full Cohort %
Completing

Trastuzumab P�No. %

Stage .08
I 604 29.8 84.6
II 898 44.3 80.6
III 526 25.9 80.0

Tumor grade .87
High 1,294 63.9 81.5
Low/intermediate 734 36.1 81.8

Hormone receptor status§ .83
Positive 1,182 58.3 81.8
Negative 846 41.7 81.4

Surgery .01
Lumpectomy 853 42.1 84.2
Mastectomy 1,175 57.9 79.8

Chemotherapy � .001
Anthracycline/taxane based 500 24.7 78.6
Anthracycline based 123 6.1 84.6
Taxane-based multidrug regimen 839 41.4 87.3
Taxane only 197 9.7 74.1
Other chemotherapy 69 3.4 73.9
No chemotherapy 300 14.8 76.7

Abbreviation: SEER, Surveillance, Epidemiology, and End Results.
�P calculated by �2 testing for characteristics associated with completion rate.
†Regions were collapsed because of small sample sizes.
‡Single, separated, widowed, and divorced categories were collapsed.
§Defined as positive if patient was estrogen receptor–positive or progester-

one receptor–positive. Defined as negative if patient was estrogen receptor–
negative or progesterone receptor–negative, and neither were positive.
Patients with unknown hormone receptor status were considered hormone
receptor positive.
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trastuzumab claims (� 75% of expected claims for a once-every-3-weeks
schedule). Third, we excluded women with fewer than 540 days of claims after
initiation of trastuzumab (n � 290) to account for women whose treatment
may have extended beyond 1 year. Fourth, because of the uncertainty of
reasons for treatment breaks, we repeated analyses after excluding 165 women
who had a � 60-day break in treatment without evidence of receipt of anthra-
cycline or surgery during that break. Finally, we also performed a model that
included patients who died within 1 year after starting trastuzumab.

To examine toxicity patterns for women receiving trastuzumab, we used
�2 tests to compare the rates of cardiac hospitalizations (from the first trastu-
zumab claim through 30 days after the last trastuzumab claim and during 1
year after the last trastuzumab claim) in women who completed treatment
with those who did not complete treatment. We also examined the rates of
cardiac hospitalizations by prior cardiac history, defined as a history of cardiac
admission or as a diagnosis of heart failure at time of diagnosis as coded by the
Charlson comorbidity index.15,16 To examine how cardiac admissions that
occurred during treatment may have had an impact on the occurrence of
future cardiac events, we also examined the rates of cardiac hospitalizations
during the year after the final trastuzumab claim for women who were admit-
ted for a cardiac event during the course of treatment (v those who were not
admitted during treatment). We then performed a series of logistic regression
models examining the associations of treatment completion and prior cardiac
hospitalization with cardiac events during treatment through 30 days after the
last claim and during the year after the last trastuzumab claim. First, we
examined the association of all causes of cardiac admissions and then exam-
ined heart failure or cardiomyopathy admissions specifically. We adjusted for
relevant clinical and socioeconomic variables. We then performed sensitivity
analyses that included patients who died within 1 year after starting trastu-
zumab, because excluding these women could lead to underestimation of
relevant admissions.

All statistical analyses were conducted by using SAS version 9.2 (SAS
Institute, Cary, NC). The study was considered exempt from review by the
institutional review board at Dana-Farber Cancer Institute.

RESULTS

Cohort Characteristics

Patient and tumor characteristics are presented in Table 1. Most
of the 2,028 women (71.2%) were younger than age 76 years, and
66.8% had a comorbidity score of 0; 11.1% had a comorbidity score �
2. Most patients were non-Hispanic white (82.3%). With regard to the
chemotherapy component of treatment, 24.7% received anthracy-
cline-taxane– based therapy, 41.4% taxane-based multidrug regi-
men therapy, 9.7% single-agent taxane, 6.1% anthracycline-based
therapy, 3.4% another chemotherapy agent, and 14.8% trastu-
zumab without chemotherapy.

Completion of Adjuvant Trastuzumab

Among 2,028 women, 1,656 women (81.7%) completed � 270
days of treatment, with a median duration of adjuvant trastuzumab
treatment of 357 days (range, 1 to 721 days). Patients age � 80 years
were less likely than others to complete adjuvant trastuzumab, as were
patients with comorbidities (Fig 2). Patients who received a taxane-
based multidrug regimen had the highest completion rates of adjuvant
trastuzumab (87.3%; P � .001; Table 1).

A

B

C

P < .001
HR 95% CI

P = .03

P < .001

> 80 (n = 223)

76-80 (n = 362)

71-75 (n = 610)

66-70 (n = 833)

≥ 2 comorbidities (n = 225)

1 comorbidity (n = 449)

0 comorbidities (n = 1,354)

> 80 with comorbidities (n = 69)

> 80, 0 comorbidities (n = 154)

76-80 with comorbidities (n = 121)

76-80, 0 comorbidities (n = 241)

71-75 with comorbidities (n = 233)

71-75, 0 comorbidities (n = 377)

66-70 with comorbidities (n = 251)

66-70, 0 comorbidities (n = 582)

 69.1 62.7 to 74.8

 77.4 72.8 to 81.4

 82.8 79.6 to 85.5

 86.1 83.5 to 88.3

 76.0 70.0 to 81.1

 80.4 76.5 to 83.8

 83.0 81.0 to 84.9

 62.3 50.5 to 72.8

 72.1 64.5 to 78.6

 72.7 64.2 to 79.9

 79.7 74.1 to 84.3

 79.0 73.3 to 83.7

 85.2 81.2 to 88.4

 86.5 81.7 to 90.1

 85.9 82.9 to 88.5

0 10 20 30 40 50 60 70 80 90 100

0 10 20 30 40 50 60 70 80 90 100

0 10 20 30 40 50 60 70 80 90 100

Trastuzumab Completion Rate (%)

Trastuzumab Completion Rate (%)

Trastuzumab Completion Rate (%)

HR 95% CI

HR 95% CI

Fig 2. Unadjusted adjuvant trastuzumab completion rates (95% CIs) by (A) age and (B) comorbidity; (C) trastuzumab completion rates by age and comorbidity
(comorbidity includes patients with 1 and 2� comorbidities). Y-axes indicate age groups, left, and hazard ratios with CIs, right. Overall P values determined by �2 testing.
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In the multivariable analysis (Table 2), older women, women of
Hispanic/other/unknown ethnicity versus white, and those with a
comorbidity score of 1 or 2� versus 0 had a lower likelihood of
trastuzumab completion. Patients who received taxane-based multi-
drug therapy or anthracycline-based therapy had higher odds of treat-
ment completion than patients who received anthracycline-taxane
regimens. Results of all sensitivity analyses for treatment completion
were similar (data not shown).

Cardiac Hospitalizations

During treatment through 30 days after the last trastuzumab
claim, 73 patients (3.6%) had 84 hospital admissions for cardiac events
(2.6% in those who completed trastuzumab v 8.1% in those who did
not; P � .001). Among women who were hospitalized for cardiac
events, the median time to admission was shorter in the group that did
not complete treatment versus the group that completed treatment
(65 days v 217 days; P � .001). Patients who had a history of cardiac
disease had a higher likelihood of requiring a cardiac admission during
treatment (ie, 9.6% who had a prior cardiac hospitalization were
hospitalized v 2.7% of women without prior cardiac hospitalization
[P � .001]; 10.3% of those with prior heart failure were hospitalized v
3.4% of those without heart failure [P � .002]). Patients who completed
treatment were less likely than those who did not complete treatment to
have a cardiac event requiring admission during treatment (odds ratio,
0.32; 95% CI, 0.21 to 0.49; Table 3). Overall, 56.0% of the cardiac admis-
sions were followed by another trastuzumab claim (ie, therapy was not
stopped), but only 25% of the cardiac admissions in those who did not
complete trastuzumab were followed by a trastuzumab claim.

During the year after the last adjuvant trastuzumab claim, 81
patients (4.0%) had 101 hospital admissions for cardiac events (2.3%

Table 2. Multivariable Logistic Regression Analysis for Completion of
Trastuzumab Treatment in � 270 Days

Variable OR 95% CI P�

Age at diagnosis, years � .001
66-70 1.00
71-75 0.79 0.60 to 1.04
76-80 0.57 0.35 to 0.91
� 80 0.40 0.30 to 0.55

Race/ethnicity .002
Non-Hispanic white 1.00
Non-Hispanic black 0.83 0.64 to 1.08
Hispanic/other/unknown 0.56 0.40 to 0.78

SEER region† � .001
California/Hawaii 1.00
Detroit 1.26 1.06 to 1.49
New Mexico 1.85 1.55 to 2.21
Atlanta/Rural Georgia 1.11 1.00 to 1.23
Kentucky/Connecticut/Iowa/Seattle/Utah 1.13 0.90 to 1.43
Louisiana 1.29 1.14 to 1.47
New Jersey 0.99 0.93 to 1.06

Location of residence .40
Major metropolitan 1.00
Metropolitan/urban 0.91 0.70 to 1.20
Less urban/rural 1.12 0.81 to 1.54

Socioeconomic status, median income
(quartile) .02

1 (lowest) 1.00
2 0.78 0.65 to 0.95
3 0.94 0.68 to 1.30
4 (highest) 1.14 0.86 to 1.53

High school graduation rates (quartile) .14
1 (lowest) 1.00
2 1.42 1.05 to 1.94
3 1.35 1.02 to 1.79
4 (highest) 1.29 0.83 to 2.00

Marital status .40
Single‡ 1.00
Married 0.90 0.71 to 1.14

Charlson comorbidity score .02
0 1.00
1 0.82 0.70 to 0.96
� 2 0.65 0.49 to 0.88

Year of initiation of trastuzumab .006
2009 1.00
2008 1.26 1.00 to 1.58
2007 0.89 0.66 to 1.21
2006 0.96 0.68 to 1.35
2005 0.87 0.44 to 1.69

Tumor size, cm .45
0-2 1.00
2.1-3 1.10 0.90 to 1.35
� 3 1.15 0.86 to 1.54
Unknown 1.49 0.82 to 2.69

No. of positive nodes .27
0 1.00
1-3 0.86 0.64 to 1.15
4-9 0.98 0.68 to 1.43
� 100 0.84 0.52 to 1.35
Unknown 0.73 0.47 to 1.14

Tumor grade .67
High 1.00
Low/intermediate 1.05 0.83 to 1.33

(continued in next column)

Table 2. Multivariable Logistic Regression Analysis for Completion of
Trastuzumab Treatment in � 270 Days (continued)

Variable OR 95% CI P�

Hormone receptor status§ .53
Positive 1.00
Negative 0.97 0.87 to 1.07

Surgery .05
Mastectomy 1.00
Lumpectomy 1.24 1.00 to 1.54

Chemotherapy � .001
Anthacycline-taxane� 1.00
Anthracycline based¶ 1.57 1.04 to 2.37
Taxane-based multidrug regimen# 1.98 1.66 to 2.37
Taxane only 1.06 0.76 to 1.49
Other chemotherapy 0.97 0.60 to 1.55
No chemotherapy 1.28 0.97 to 1.68

NOTE. Multivariable logistic regression was used, accounting for clustering at
registry level and adjusting for all variables in the table.

Abbreviation: SEER, Surveillance, Epidemiology, and End Results.
�P calculated by Wald test.
†Regions collapsed because of small sample sizes.
‡Single, separated, widowed, and divorced categories were collapsed.
§Defined as positive if estrogen receptor–positive or progesterone receptor–

positive. Defined as negative if estrogen receptor–negative or progesterone
receptor–negative, and neither were positive. Patients with unknown hor-
mone receptor status were considered hormone receptor positive.

�The majority of patients received doxorubicin, cyclophosphamide, and
paclitaxel.

¶The majority of patients received doxorubicin and cyclophosphamide.
#The majority of patients received docetaxel and carboplatin.
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in those who completed trastuzumab v 11.6% in those who did not;
P � .001). The rates for heart failure/cardiomyopathy admission were
significantly higher in those who did not complete trastuzumab than
in those who did (6.7% v � 1.5%; P � .001). The rates of hospital
admissions during the year after stopping trastuzumab were higher in
women with prior hospitalizations compared with women without
(50.7% v 2.3%; P � .001; Table 3), consistent with the known high
rates of cardiac readmission among Medicare beneficiaries.17 In the
multivariable analysis, these associations persisted (Table 3). Results of
all sensitivity analyses were similar (data not shown).

DISCUSSION

In this large cohort of older patients receiving adjuvant trastuzumab,
81.7% completed 1 year of therapy. Despite these high treatment
completion rates, we observed lower odds of completion in some
subgroups (eg, 69.1% of patients older than age 80 years completed
treatment). We also found that 3.6% and 4.0% of women were hos-
pitalized with cardiac diagnoses during trastuzumab treatment and in
the year after treatment, respectively.

Few data are available about the use of adjuvant trastuzumab in
older women with early-stage breast cancer. In the seminal adjuvant
trials of trastuzumab, older patients were underrepresented, and al-
though 9% to 31% of patients discontinued trastuzumab treatment
before completion, the proportion of older women not completing
treatment is unclear.3-5 Our results are consistent with those among
older women treated at NCCN centers, where age and comorbidity
also had an impact on trastuzumab use.11 Among 105 women age � 70
years with HER2-positive disease in the NCCN, 54% initiated
trastuzumab-based treatment and 73% of these women completed treat-

ment, generally similar to our observed rates of treatment completion.
Interestingly, although age and comorbidity were both associated with
lower initiation rates of trastuzumab among women with HER2-positive
breast cancer within the NCCN, these factors were not significantly asso-
ciated with trastuzumab completion. However, that analysis included
relatively few older women, lacked detailed information on toxicity, and
focused only on women treated at academic medical centers.

In our analysis, patients with comorbidity scores of 1 or 2� were
less likely to complete treatment than patients with scores of 0. Other
studies have also demonstrated that providers are less likely to recom-
mend adjuvant treatment for patients with increasing age and/or
deteriorating health status.18,19 Therefore, it is not surprising (and
likely appropriate) that these factors are playing a role in early discon-
tinuation of adjuvant trastuzumab.

In addition to comorbidity and age, we observed differences in
trastuzumab completion by regimen received. Women receiving
taxane-based regimens and anthracycline-based regimens had higher
odds treatment completion compared with anthracycline-taxane-
based regimens. It is conceivable that these differences are explained by
betteroverall tolerancetotreatmentinwomennotreceivingcombination
regimens.However,wedidnothavedetailedinformationontoxicity,and
in the absence of a randomized comparison, it is equally likely that selec-
tion factors played a role in this observation. For example, patients receiv-
ing single-taxane trastuzumab therapy may have other health factors not
captured in the comorbidity score that predispose to toxicity. In addition,
we did not have information on the thresholds for providers and patients
to discontinue treatment. In the National Surgical Adjuvant Breast and
Bowel Project NSABP-B-31/North Central Cancer Treatment Group
NCCTG-N9831 trial, among the 31.4% of patients who discontinued
treatment, the reasons for discontinuation included cardiac toxicity

Table 3. Risk of Any Cardiac Admission and Specific Types of Admissions During or Following Trastuzumab Therapy

Variable

Any Cardiac Admission
Heart Failure/Cardiomyopathy

Admission Other Cardiac Admission

% OR� 95% CI� % OR� 95% CI� % OR� 95% CI�

Cardiac admission during treatment � 30
days (N � 2,028)† 3.6 1.2 2.4

Completed trastuzumab
No (n � 372) 8.1 1.00 4.0 1.00 4.0 1.00
Yes (n � 1,656) 2.6 0.32 0.21 to 0.49 � 1.5‡ 0.14 0.09 to 0.23 2.1 0.57 0.31 to 1.02

Cardiac admission in the year following
the last trastuzumab dose
(N � 2,028)§ 4.0 1.7 2.5

Completed trastuzumab
No (n � 372) 11.6 1.00 6.7 1.00 5.4 1.00
Yes (n � 1,656) 2.3 0.22 0.12 to 0.41 � 1.5‡ 0.09 0.02 to 0.37 1.8 0.36 0.18 to 0.71

Hospitalized during trastuzumab treatment
Yes (n � 73) 50.7 1.0 20.6 1.00 34.3 1.00
No (n � 1,955) 2.3 45.9 22.7 to 93.2 1.0 334.9 43.5 to 2,575.75 1.3 94.40 36.77 to 242.36

Abbreviation: OR, odds ratio.
�Adjusting by age, race/ethnicity, comorbidity, trastuzumab initiation year, median household income, percent who graduated from high school, marital status,

location of residence, and prior cardiac admission (yes or no). Patients with prior cardiac admissions and higher comorbidity were more likely to have a cardiac
admission in both periods.

†Calculated from first day of trastuzumab treatment until 30 days after the last trastuzumab claim. During treatment � 30 days after the last trastuzumab claim,
73 patients had 84 hospital admissions for cardiac events. The reasons for admissions (heart failure/cardiomyopathy v other cardiac admission) do not add up to 84
admissions because there were patients who were admitted for the same reason more than one time.

‡Exact proportion was not provided because of small cell sizes.
§Calculated until 365 days after last trastuzumab claim. In the year after the last trastuzumab claim, 81 patients had 101 hospital admissions for cardiac events.

The reasons for admissions (heart failure/cardiomyopathy v other cardiac admission) do not add up to 101 admissions because there were patients who were
admitted for the same reason more than one time.
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(60%), noncardiac toxicity (7%), patient-initiated discontinuation
(19%), recurrence (6%), and other reasons (7%).4

A systematic review suggests that the rate of severe heart failure is
higher for patients treated with trastuzumab than for patients not
treated with trastuzumab (2.5% v 0.4%),7 although the rate of any
trastuzumab-related cardiac toxicity in clinical trials has been low (1%
to 4%).3,4,8,10,20 Nevertheless, recent population-based studies have
raised concerns that the incidence of heart failure may be higher
outside clinical trials, particularly for older women.12,21 Our results
suggest that cardiac admissions may be an important cause of treat-
ment discontinuation for older women, since those who did not
complete trastuzumab had significantly higher rates of cardiac admis-
sions than those who completed treatment (8.1% v 2.6%) and had a
lower likelihood of continuing trastuzumab after hospital admission.
In addition, we observed dramatically higher rates of cardiac readmis-
sion in patients who had a cardiac hospitalization during trastuzumab
treatment than in those without cardiac events during treatment,
raising concern for ongoing risk in these patients (50.7% v 2.3%).

Our study has several strengths. To the best of our knowledge,
this is the largest study to date examining trastuzumab treatment
patterns in older women, and we were also able to examine how
demographic, clinicopathologic, and treatment factors affect trastu-
zumab completion and toxicity in a national cohort. However, we
acknowledge several limitations. First, HER2 status was not available;
therefore, we were unable to assess the rate of trastuzumab initiation
for all patients with HER2-positive cancers. Because providers and
patients may not initiate trastuzumab-based therapy when comor-
bidities and competing risks are present, our results are limited to
those who initiated treatment. Second, although our definition of
completion (75% of treatment), is somewhat arbitrary, our results did
not change despite changing the definition for completion in several
sensitivity analyses. Third, detailed information on why trastuzumab
was stopped or why treatment breaks occurred was not available, nor
did our analyses account for factors that could influence treatment,
such as social supports or patient and provider preferences. Further-
more, given the limitations of registry and claims data, we were not
able to establish whether treatment stopped because of a cardiac event.
Fourth, because of the small numbers of women in some subgroups,
we may have had insufficient power to detect differences in treatment
completion. Fifth, non-SEER geographic areas were not represented in
our analysis, and we consolidated some geographic regions because of
small sample sizes. Sixth, there is the possibility of misclassification of
chemotherapy regimens.22 Finally, cardiac events were defined on the
basis of primary ICD-9 codes for hospital admissions only and did not
capture asymptomatic decreases in ejection fraction or mild symptoms of
cardiacevents thatdidnotrequirehospitalization.However,wewereable
to capture significant cardiac events, which is still informative.

In conclusion, although trastuzumab completion rates were gen-
erally high for most women, sicker and older patients were less likely to
complete treatment, and rates of cardiac events were not rare. Our
observation that 18% of older patients did not complete trastuzumab

treatment is particularly interesting in light of the recent studies sug-
gesting that 1 year of adjuvant trastuzumab treatment is superior to 6
months of treatment.7,9 Although decisions to discontinue therapy
may be appropriate in many cases because of issues with treatment
tolerance or coexisting medical conditions, a better understanding of
treatment toxicity and efficacy in older women is crucial. In parallel
maximizing inclusion of older patients into clinical trials, developing
more tolerable regimens and expanding research efforts that allow
linkage of individualized clinical, functional, and toxicity infor-
mation to patient biologic samples would be extremely infor-
mative. An example of this effort is the upcoming Alliance for
Clinical Trials study that will examine trastuzumab emtansine
as adjuvant treatment in an older population. This improved
knowledge will allow us to incorporate the personalized risks
and benefits of treatment into discussions and decisions and will
optimize the delivery of guideline-recommended care. With the
expected substantial improvement in breast cancer outcomes
for women who complete 1 year of adjuvant trastuzumab, ap-
propriate and tailored administration of this agent could have a
significant impact on disease recurrence and survival for
women with HER2-positive breast cancer.
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GLOSSARY TERMS

HER2/neu (human epidermal growth factor recep-
tor-2): also called ErbB2. HER2/neu belongs to the epidermal
growth factor receptor (EGFR) family and is overexpressed in several
solid tumors. Like EGFR, it is a tyrosine kinase receptor whose acti-
vation leads to proliferative signals within the cells. On activation,
the human epidermal growth factor family of receptors are known
to form homodimers and heterodimers, each with a distinct signal-
ing activity. Because HER2 is the preferred dimerization partner
when heterodimers are formed, it is important for signaling through
ligands specific for any members of the family. It is typically overex-
pressed in several epithelial tumors.

Surveillance, Epidemiology, and End Results (SEER): a na-
tional cancer registry that collects information from all incident malignan-
cies in multiple geographic areas of the United States.

trastuzumab: a humanized anti-ErbB2 monoclonal antibody approved
for treating patients whose breast cancers overexpress the ErbB2 protein or
demonstrate ErbB2 gene amplification. It is currently being tested in combi-
nation with other therapies.
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Appendix

Definition of Type of Chemotherapy

The following J codes were flagged: bevacizumab: J9035; capecitabine: J8520, J8521; carboplatin: J9045; cisplatin: J9060, J9062;
cyclophosphamide: J8530, J9070, J9080, J9091, J9092, J9093, J9094, J9095, J9096, J9097; docetaxel: J9170, J9171; doxorubicin: J9000,
J9001; epirubicin: J9178, J9180; gemcitabine: J9201; ixabepilone: J9207; methotrexate: J8610, J9250, J9260; paclitaxel: J9265, J9264;
vinorelbine: J9390; fluorouracil: J9190.

The regimen assigned was the first regimen received by the patient. Sequential regimens allowed a break between different types of
chemotherapy of less than 90 days. Several chemotherapy categories were assigned.

The anthracycline-taxane–based regimens included doxorubicin-cyclophosphamide-docetaxel; doxorubicin-cyclophosphamide-
paclitaxel; doxorubicin-paclitaxel; docetaxel-doxorubicin-cyclophosphamide; epirubicin-cyclophosphamide-paclitaxel;
docetaxel-fluorouracil-epirubicin-cyclophosphamide; fluorouracil-epirubicin-cyclophosphamide-docetaxel; fluorouracil-epirubicin-
cyclophosphamide-paclitaxel; and cyclophosphamide-docetaxel-epirubicin.

The anthracycline-based regimens included doxorubicin-cyclophosphamide; epirubicin-cyclophosphamide; cyclophosphamide-
epirubicin-fluorouracil; fluorouracil-epirubicin-cyclophosphamide; and doxorubicin.

The taxane-based multidrug regimens included docetaxel-cyclophosphamide; docetaxel- carboplatin-cyclophosphamide;
docetaxel-carboplatin-bevacizumab; carboplatin-paclitaxel; capecitabine-docetaxel; docetaxel-bevacizumab; paclitaxel-cyclophosphamide;
paclitaxel-bevacizumab; and carboplatin-cyclophosphamide-paclitaxel.

The single-taxane regimens included docetaxel and paclitaxel.
Other chemotherapy regimens included cyclophosphamide-methotrexate-fluorouracil; fluorouracil; carboplatin; carboplatin-

vinorelbine; gemcitabine-vinorelbine; gemcitabine; and vinorelbine.
The “no chemotherapy” regimens signified trastuzumab only.

International Classification of Diseases, 9th Revision, Codes Used for Cardiac Admissions

The following codes were used for heart failure or cardiomyopathy: 402.XX, 404.XX, 425.XX, and 429.3; conduction disorders and
dysrhythmia: 426.XX and 427.XX; myocardial infarction and angina: 410 to 414.XX; and ill-defined cardiac conditions: 429.8 and 429.9.
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