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Abstract Limited data are available regarding patterns of

chemotherapy receipt and treatment-related toxicities for

older women receiving adjuvant trastuzumab-based ther-

apy. We used surveillance, epidemiology and end results

(SEER)-Medicare data to identify patients C66 years with

stage I–III breast cancer treated during 2005–2009, who

received trastuzumab-based therapy. We examined patterns

of chemotherapy receipt, and using multivariable logistic

regression, we examined associations of age and comor-

bidity with non-standard chemotherapy. In propensity-

weighted cohorts of women receiving standard and non-

standard trastuzumab-based therapy, we also examined

rates of (1) hospital events during the first 6 months of

chemotherapy and (2) short-term survival. Among 2,106

women, 29.7 % were aged C76 and 66 % had a comor-

bidity score = 0. Overall, 31.3 % of women received non-

standard chemotherapy. Compared to patients aged 66–70,

older patients more often received non-standard chemo-

therapy [adjusted odds ratio (OR) = 4.1, 95 % confidence

interval (CI) = 3.40–4.92 (ages 76–80); OR = 15.3,

95 %CI = 9.92–23.67 (age C 80)]. However, comorbidity

was not associated with receipt of non-standard chemo-

therapy. After propensity score adjustment, hospitalizations

were more frequent in the standard (vs. non-standard)

group (adjusted OR = 1.7, 95 % CI = 1.29–2.24). With a

median follow-up of 2.8 years, 276 deaths occurred; the

adjusted hazard ratio (HR) for death was lower in standard

versus non-standard treated women (HR = 0.69, 95 %

CI = 0.52–0.91). Among a population-based cohort of

older women receiving trastuzumab, nearly one-third

received non-standard chemotherapy, with the highest rates

among the oldest women. Non-standard chemotherapy was

associated with fewer toxicity-related hospitalizations but

worse survival. Further exploration of treatment toxicities

and outcomes for older women with HER2-positive breast

cancer is warranted.
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Introduction

Human epidermal growth factor receptor 2 (HER2) is

overexpressed in approximately 20–25 % of breast cancers

[1, 2], although rates of HER2-positive disease may be

lower in older populations [3, 4]. Trastuzumab given

concurrently or sequentially with chemotherapy improves

survival for women with HER2-positive non-metastatic
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tumors [5–7], and multiple adjuvant regimens are approved

for use [8].

Despite the significant efficacy of trastuzumab, evidence

suggests that older women are less likely to initiate trast-

uzumab-based adjuvant regimens than younger women [9],

and among those who initiate trastuzumab, older women

and those with more comorbid illness are less likely to

complete a full year of therapy [10]. Other evidence sug-

gests that women aged C70 are less likely than younger

women to receive guideline-recommended chemotherapy

regimens for breast cancer [11]. Although the reasons for

less guideline-recommended care in older patients are

likely multifactorial, this may occur, at least in part,

because of the limited evidence on the efficacy and toxicity

of anti-cancer therapies among older adults. In fact, the

National Comprehensive Cancer Network (NCCN) breast

cancer guidelines state that there are ‘‘insufficient data’’ to

make definitive chemotherapy recommendations for

women [70 years of age [8].

Although under-utilization of therapy in older patients

with breast cancer has been demonstrated, few data are

available about the chemotherapy regimens administered to

older women with HER2-positive disease, including use of

chemotherapy regimens that have not been examined or

proven effective in the adjuvant setting (i.e., non-standard

chemotherapy). In this study, we examined patterns of

trastuzumab-based chemotherapy regimens, factors asso-

ciated with receipt of non-standard chemotherapy, che-

motherapy-related toxicity, and short-term survival for

older women receiving adjuvant trastuzumab using data

from Surveillance, Epidemiology, and End Results

(SEER)-Medicare.

Patients and methods

Data

The SEER program of the National Cancer Institute reports

information from population-based registries in areas rep-

resenting 28 % of the US population [12]. SEER registrars

uniformly report information from medical records on

patient demographics, tumor characteristics, treatments, and

mortality for all incident cancers. Since 1991, SEER data

have been linked with Medicare administrative data for

individuals enrolled in fee-for-service Medicare [13], suc-

cessfully matching[93 % of persons aged C65 in SEER [13,

14]. For this study, we used the medicare provider analysis

and review, hospital outpatient standard analytic, durable

medical equipment, and the carrier claims files. Since this

study used previously collected, de-identified data, it was

deemed exempt for review by the Offices for Human

Research Studies at the Dana-Farber Cancer Institute.

Study cohort

We identified women aged C66 with a first invasive breast

cancer diagnosed in June 2005 or later (coinciding with

timing of the initial national presentations of the large

adjuvant trastuzumab trials [5, 6] ). We included women

with histologies likely to be treated by routine guidelines

and who were enrolled in Parts A/B fee-for-service medi-

care and not a health maintenance organization (HMO)

during the 12 months before diagnosis (because claims for

HMO patients are not available) (n = 68,965). We exclu-

ded women diagnosed at autopsy (n = 678), those without

claims during -45 days through ?180 days after diagnosis

(n = 283), and those with stage 0, IV, or unknown stage

(n = 18,314). We restricted the cohort to women who

underwent mastectomy or breast conserving surgery, who

had at least one J code for trastuzumab (J9355) within

365 days of diagnosis and who were enrolled in Parts A/B

fee-for-service Medicare and not an HMO within

18 months after diagnosis (n = 2,288). Finally, we exclu-

ded patients who received trastuzumab-based therapy later

in their treatment course (i.e., not as part of an initial

chemotherapy regimen) (n = 2) and those initiating trast-

uzumab in 2010 because of the limited follow-up

(n = 135). In total, we included 2,106 patients who initi-

ated trastuzumab during June 2005–December 2009.

Receipt of non-standard chemotherapy

We reviewed treatment claims (J-codes) during the first

365 days after diagnosis for each woman and assigned

treatment regimens based on the first chemotherapy regimen

administered (Table 4 in Appendix). We defined standard

adjuvant therapy as any adjuvant chemotherapy regimen

recommended by the NCCN [8, 11] and administered con-

currently or sequentially with trastuzumab (Table 1) [4–6].

For treatment to be sequential, trastuzumab had to directly

follow chemotherapy [6]. All other regimens are considered

non-standard and are categorized as per Table 1 [11].

Toxicity and survival

We identified hospitalizations and emergency room (ER)

visits with a primary diagnosis code suggesting potential

chemotherapy-related toxicity during the first 6 months

after chemotherapy initiation [15, 16]. As per prior studies

[15, 16], we assessed infections, fever, neutropenia, throm-

bocytopenia, anemia, nausea/emesis, diarrhea, dehydration/

electrolyte abnormality, malnutrition, constitutional symp-

toms, nonspecific treatment complications, thrombosis,

thyroid disorders, fractures, asthma, pulmonary conditions,

renal failure, and headaches. We also examined additional

conditions that could be associated with chemotherapy/
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trastuzumab, such as cardiac events [10], mucositis/stoma-

titis, diabetes, and liver dysfunction (Table 5 in Appendix).

We examined overall survival and breast cancer-specific

survival based on the National Death Index data.

Independent variables

Independent variables of interest included age at diagnosis

and Charlson comorbidity score [17, 18]. Control variables

included race/ethnicity, year of treatment initiation, median

household income and percent with high school diplomas

(based on Census tract of residence from US Census data;

the 1 % of patients with missing zip codes were assigned

median values and categorized in quartile 2), marital status,

SEER region (combining some registries given small

sample sizes), location of residence, tumor size, number of

positive nodes, stage, and hormone receptor [HR] status

(positive if estrogen receptor [ER] or progesterone receptor

[PR] positive, negative if ER and PR negative; the 8 % of

patients with unknown HR status were considered HR-

positive, consistent with receptor status for most breast

cancer patients) [14]. Variables are categorized as in

Table 2.

Statistical analysis

We first described standard and non-standard chemother-

apy regimens given concurrently or sequentially with

trastuzumab, and performed v2 tests to examine differences

in patient characteristics between groups. We used logistic

regression to assess the odds of receipt of non-standard

chemotherapy by age and comorbidity, adjusting for the

control variables listed above. We used generalized esti-

mating equations to account for clustering within registries.

In a sensitivity analysis, we repeated the model after

excluding 35 patients diagnosed with subsequent cancers

(10 colorectal, 7 lung, 18 other) during the first 6 months of

chemotherapy; results were similar and are not presented.

Since patients who received non-standard chemotherapy

differed from patients who received standard chemother-

apy, we compared hospital events and survival for women

who received standard and non-standard chemotherapy

using a propensity score analysis [19, 20]. To calculate

propensity scores, we fit the logistic regression model with

all of the covariates described above and obtained the

predicted probability (p) of receiving non-standard treat-

ment based on each individual’s characteristics. For each

patient, a weight was assigned as the inverse probability of

belonging to the group that they are in (inverse probability

of treatment weight) [19]. Thus, the weight was 1/p for

those receiving non-standard chemotherapy and 1/(1-p)

for patients receiving standard chemotherapy. The char-

acteristics of the weighted cohort are displayed in Table 6

in Appendix and are well balanced. We then compared the

proportion of patients having a hospital event by standard

and non-standard chemotherapy in the propensity-weighted

cohort using logistic regression, adjusting for all indepen-

dent variables to give unbiased variance estimates to the

adjusted odds ratios (OR) [20–22].

For survival outcomes, the start date was the first date of

chemotherapy or trastuzumab (whichever came first).

Women were censored on December 31, 2010 (last date for

Table 1 Standard and non-standard chemotherapy partners for concurrent or sequential trastuzumab (n = 2,106)

Standard chemotherapy regimen n (%) Non-standard chemotherapy regimen n (%)

Overall 1,446 (68.7 %) Overall 660 (31.3 %)

Doxorubicin–cyclophosphamide (AC) 104 (4.9) Carboplatin–paclitaxel 65 (3.1)

Docetaxel–cyclophosphamide (TC) 162 (7.7) Taxane-based, multidrug regimen 11 (0.5)

Docetaxel–carboplatin (TCH) 624 (29.6) Anthracycline-taxane non-standard 22 (1.0)

Doxorubicin–cyclophosphamide–paclitaxel (ACT) 370 (17.6) Taxane only 207 (9.8)

Doxorubicin–cyclophosphamide–docetaxel (AC-D) 89 (4.2) Trastuzumab only 318 (15.1)

Cyclophosphamide–epirubin–5-fluorouracil (CEF) ** Other regimens

Capecitabine–docetaxel (n = **)

Vinorelbine (n = 20)

Gemcitabine (n = **)

Doxorubicin (n = **)

Carboplatin (n = **)

Carboplatin–vinorelbine (n = **)

Carboplatin–cyclophosphamide (n = **)

Carboplatin–gemcitabine (n = **)

37 (1.8)

Cyclophosphamide–methotrexate–5-fluorouracil (CMF) 39 (1.9)

Epirubicin–cyclosphosphamide (EC) **

EC–paclitaxel **

5-fluorouracil–adriamycin–cyclophosphamide (FAC or CAF) **

5-fluorouracil–epirubicin–cyclosphosphamide (FEC) **

FEC–docetaxel or Docetaxel–FEC **

FEC-paclitaxel 18 (0.9)

Docetaxel–doxorubicin–cyclophosphamide (TAC) 11 (0.5)

** Cell sizes with sample sizes \11 are suppressed for reasons of confidentiality
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Table 2 Patients characteristics by receipt of non-standard chemotherapy (n = 2,106)

Characteristic Cohort characteristics Proportion who received

non-standard chemotherapy

Adjusted odds ratio (OR)

for non-standard

chemotherapyc

No. % % P value* OR (95%

confidence interval)

Overall 2,106 100 31.3

Age at diagnosis \.0001

66–70 850 40.4 16.8 1.00

71–75 632 30 27.2 1.82 (1.47–2.25)

76–80 378 18 44.2 4.09 (3.40–4.92)

[80 246 11.7 72.4 15.33 (9.93–23.67)

Charlson comorbidity score 0.06

0 1,386 65.8 30.6 1.00

1 480 22.8 30.2 1.06 (0.83–1.35)

2? 240 11.4 37.9 1.37 (0.88–2.14)

Race/ethnicity 0.35

Non hispanic white 1,729 82.1 31.6 1.00

Non hispanic black 152 7.2 34.2 1.11 (0.81–1.52)

Hispanic/other/unknown 225 10.7 27.6 0.94 (0.76–1.15)

SEER regiona 0.69

California/Hawaii 705 33.5 31.6 1.00

Detroit 93 4.4 33.3 0.98 (0.91–1.06)

New Mexico 51 2.4 29.4 1.21 (1.08–1.36)

Atlanta/Rural Georgia 292 13.9 31.2 1.15 (1.06–1.25)

Kentucky/Connecticut/Iowa/Seattle/Utah 517 24.6 31.5 1.20 (1.03–1.41)

Louisiana 139 6.6 36.7 1.48 (1.36–1.61)

New Jersey 309 14.7 27.8 0.68 (0.63–0.73)

Location of residence 0.02

Major metropolitan 1,123 53.3 33.9 1.00

Metropolitan/urban 782 37.1 28.6 0.67 (0.56–0.80)

Less urban/rural 201 9.5 27.4 0.65 (0.44–0.98)

Median income 0.22

Quartile 1 (lowest) 514 24.4 34.1 1.00

Quartile 2 534 25.4 29.4 0.73 (0.51–1.04)

Quartile 3 528 25.1 29.2 0.75 (0.54–1.05)

Quartile 4 (highest) 530 25.2 32.8 0.74 (0.46–1.18)

High school (HS) diploma rates 0.32

Quartile 1 (lowest HS graduation rates) 527 25 31.3 1.00

Quartile 2 529 25.1 28.5 0.75 (0.53–1.07)

Quartile 3 524 24.9 31.7 0.75 (0.57–0.97)

Quartile 4 (highest HS graduation rates) 526 25 33.8 1.04 (0.79–1.38)

Marital status \.0001

Married 1,056 50.1 26.4 1.00

Singleb 1,050 49.9 36.3 1.14 (0.93–1.42)

Year of treatment initiation 0.36

2005 229 10.9 36.7 1.00

2006 469 22.3 32 0.83 (0.65–1.05)

2007 504 23.9 31.2 0.80 (0.62–1.04)

2008 500 23.7 29.2 0.64 (0.43–0.96)

2009 404 19.2 30.5 0.66 (0.46–0.94)
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which claims were available) or sooner if they disenrolled

from Parts A/B fee-for-service medicare. We repeated the

survival analyses after restricting to those starting treat-

ment by December 31, 2008 to ensure at least 2 years of

potential follow-up. We estimated survival functions for

non-standard and standard treatment using weighted Kap-

lan–Meier methods, and compared survival (breast cancer-

specific and overall) for the propensity-weighted cohort

using a Cox proportional hazards model, adjusting for all

independent variables.

Since the propensity score analyses can adjust only for

observed characteristics, we examined the robustness of

our findings to potential unobserved confounders [23]. To

do this, we assumed an unobserved variable exists, such as

poor performance status (PS), associated with both receipt

of non-standard chemotherapy and worse survival. We then

re-estimated the association of non-standard chemotherapy

and survival after adjusting for this additional unmeasured

variable (Eastern Cooperative Oncology Group PS C 2),

assuming that poor PS was twice as prevalent in the non-

standard group than the standard group (&10 %) [24] and

was associated with two times higher risk of death [25].

Results

Patient characteristics and clinical variables are shown in

Table 2. Among 2,106 women, 40.4 % were aged 66–70 and

11.7 % were aged C80. Most women had Charlson scores of

0-1. The most common trastuzumab-based chemotherapy reg-

imens were docetaxel-carboplatin (TCH, 29.6 %), doxorubin-

cyclophosphamide followed by paclitaxel (ACT, 17.6 %),

trastuzumab without chemotherapy (i.e., trastuzumab alone,

15.1 %), taxane only (9.8 %), and AC (4.9 %) (Table 1).

Receipt of standard versus non-standard chemotherapy

Overall, 660 women (31.3 %) received non-standard che-

motherapy. Differences by patient characteristics are shown

in Table 2. In unadjusted analyses, receipt of non-standard

chemotherapy increased with age, with 16.8 % of women

aged 66–70 receiving non-standard chemotherapy compared

with 72.4 % of women aged C80 (p \ .0001). Rates of non-

standard chemotherapy were non-significantly higher for

women with comorbidity score C2 (37.9 %) versus comor-

bidity score = 0 (30.6 %, p = 0.06) (Table 2).

Table 2 continued

Characteristic Cohort characteristics Proportion who received

non-standard chemotherapy

Adjusted odds ratio (OR)

for non-standard

chemotherapyc

No. % % P value* OR (95%

confidence interval)

Tumor size 0.5

0–2cm 959 45.5 30.8 1.00

2.1cm–3m 542 25.7 29.9 1.17 (0.77–1.77)

[3cm 552 26.2 33.9 1.27 (0.85–1.90)

Unknown 53 2.5 30.2 0.65 (0.31–1.40)

Number of nodes positive 0.01

0 997 47.3 31.8 1.00

01-Mar 556 26.4 27.5 0.79 (0.58–1.07)

04-Sep 279 13.3 30.1 0.52 (0.42–0.65)

C10 148 7 35.1 0.56 (0.35–0.88)

Unknown 126 6 42.9 1.23 (0.95–1.60)

Stage 0.01

I 620 29.4 34.4 1.00

II 924 43.9 27.7 0.54 (0.42–0.69)

III 562 26.7 34 0.92 (0.72–1.19)

Hormone receptor status 0.05

Hormone receptor-positive 1,220 57.9 33 1.00

Hormone receptor-negative 886 42.1 29 0.72 (0.56–0.94)

* P values calculated by Pearson v2 testing
a Regions collapsed because of small sample sizes
b Single, separated, widow, and divorced category collapsed
c Using multivariable logistic regression accounting for clustering at registry level, adjusting for all variables in the table. Bolded results are

significant with P \ 0.05

Breast Cancer Res Treat (2014) 145:491–501 495

123



In adjusted analyses assessing receipt of non-standard

chemotherapy (Table 2), older age (vs. ages 66–70) was

strongly associated with non-standard chemotherapy

[OR = 1.82, 95 % Confidence interval (CI) = 1.47–2.25

for ages 71–75; OR = 4.09, 95 % CI = 3.40–4.92 for ages

76–80; OR = 15.33, 95 %CI = 9.93–23.67]. Comorbid-

ity, race/ethnicity, and socioeconomic variables were not

significantly associated with non-standard chemotherapy,

although residing in a major metropolitan area was asso-

ciated with higher odds of non-standard chemotherapy (vs.

other urban/rural categories). In addition, more lymph node

involvement was associated with less non-standard che-

motherapy (vs. node-negative disease).

Toxicity and survival

Overall, 562 patients (26.7 %) had 906 toxicity-associated

hospitalizations or ER visits (443 patients had C1

hospitalization, 217 patients had C1 ER visit) in the

6 months after chemotherapy initiation. After propensity

weighting and regression adjustment for all independent

variables, patients receiving standard (vs. non-standard)

chemotherapy had higher odds of toxicity-associated hos-

pitalization (22.4 vs. 18.0 %, p = 0.001; OR = 1.70,

95 %CI = 1.29–2.24) and having either an ER visit or

hospitalization (28.8 vs. 21.9 %, p = 0.0002; OR = 1.72,

95 %CI = 1.32–2.24) but non-significantly higher odds of

an ER visit (11.2 vs. 8.3 %, p = 0.11; OR = 1.43, 95 %

CI = 0.98–2.09). The reasons for each of the 856 hospital

events in the weighted cohort are shown in Table 3 by

treatment. The most common primary diagnosis codes

were infection, breast cancer, delirium, and neutropenia.

Among these, the proportion with infection and neutrope-

nia was lower for women in the non-standard versus

standard treatment groups (p = .002 for infection and

p [ .0001 for neutropenia).

Table 3 The frequency and reasons for hospital events (emergency room visits and hospital admissions) by standard and non-standard

chemotherapy receipt in propensity-weighted cohort

Number of events per

patient (n = 2,106)

Overall n (%) Standard

chemotherapy

(n = 1,446)

n (%)

Non-standard

chemotherapy

(n = 660) n (%)

0 1,544 (73.3) 1,029 (71.2) 515 (78.0)

1 378 (18.0) 286 (19.8) 92 (13.9)

2 117 (5.6) 87 (6.0) 30 (4.6)

3 or more 67 (3.2) 44 (3.0) 23 (3.5)

Reasons for each eventa,b,c 856 total 616 total 240 total

Infection 195 (22.8) 149 (24.2) 46 (19.1)

Breast cancer 157 (18.3) 103 (16.7) 54 (22.5)

Delirium or other psychiatric condition 106 (12.4) 77 (12.5) 29 (12.1)

Dehydration 55 (6.4) 38 (6.2) 17 (7.0)

Neutropenia * 56 (9.1) **

Conduction disorders 49 (5.7) 33 (5.4) 16 (6.7)

Heart failure 38 (4.4) 16 (2.6) 22 (9.2)

Deep venous thrombosis * 24 (3.9) **

Anemia * 28 (4.5) **

Hip fracture 30 (3.5) 19 (3.1) 11 (4.6)

Other pulmonary conditions * 11 (1.8) **

Myocardial infarction * 12 (1.9) **

Nausea * 13 (2.1) **

Renal failure 14 (1.6) ** **

Asthma 14 (1.6) ** **

a The percents provided are the percent of total events, including emergency room and hospital admission, n = 856 events across all patients
b See Appendix Table 4 for International Classification of Diagnoses code assignments for each reason for hospital event
c Diabetes, mucositis/stomatitis, headache, malnutrition, liver dysfunction, and thrombocytopenia were very rare events (all cell sizes\11 and

not listed for reasons of confidentiality)

* Total number of events are suppressed for reasons of confidentiality so that any cells with small sample sizes cannot be deduced

** Cell sizes are suppressed for reasons of confidentiality if sample size \11
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There were 276 deaths during a median 2.8 years of

follow-up (124 in non-standard group, 152 in standard

group). The median follow-up was 2.8 years in the stan-

dard group and 2.7 years in the non-standard group, indi-

cating no detectable ascertainment biases for survival

outcomes. The propensity-weighted Kaplan–Meier survival

curves showed relatively high survival, with 2 and 3-year

survival estimates of 93.8 and 89.9 % for the standard

chemotherapy group and 85.5 and 77.8 % in the non-

standard group (Fig. 1). In the propensity-weighted Cox

model including all covariates, the hazard ratio (HR) for

death is 0.69 (95 % CI = 0.52–0.91), favoring the stan-

dard chemotherapy group (p = 0.009). In the sensitivity

analysis restricting to patients diagnosed by December 31,

2008, results were similar (data not shown). There were 33

breast cancer-specific deaths in the weighted cohort; the

adjusted HR for breast cancer death = 0.31, 95 %

CI = 0.14–0.66), favoring the standard chemotherapy

group. Of note, for the analysis of breast cancer-specific

deaths, because of the small number of events, we did not

include additional variables in the propensity-weighted

model other than standard or non-standard chemotherapy.

We tested the sensitivity of the survival findings to a

potential unobserved confounder: worse PS in the non-

standard group. If women in the non-standard group had

twice the prevalence of PS C 2 as the standard group (20 vs.

10 %) and the risk of death associated with PS C 2 was

twice that of women with PS 0–1, then the adjusted HR from

an unmatched multivariate Cox model would still be sta-

tistically significant (HR = 0.75, 95 % CI = 0.57–0.99).

We would expect this to no longer be significant if preva-

lence were higher in both groups or if the association of poor

PS with worse survival was stronger.

Discussion

In this large, population-based cohort of older women

receiving trastuzumab-based adjuvant therapy, nearly one-

third of patients received non-standard chemotherapy. Not

surprisingly, older age was strongly associated with receipt

of non-standard chemotherapy. The frequency of hospital

events was significantly higher for women receiving stan-

dard versus non-standard chemotherapy, but standard

chemotherapy was associated with improved survival.

Our results with regard to survival should be interpreted

cautiously because they are retrospective and non-ran-

domized; we cannot rule out the possibility that non-stan-

dard chemotherapy was associated with unmeasured

factors that impacted outcomes. In addition, there was

significant heterogeneity in the chemotherapy received

with too few patients to analyze survival by regimen.

Nevertheless, our findings raise concern that providers may

be under-treating patients in efforts to avoid toxicity,

resulting in inferior outcomes. It is notable that our cohort

had a substantial risk of recurrence, with 70 % of patients

having stage II-III disease. This may have increased our

ability to detect survival differences by type of chemo-

therapy despite a relatively modest sample size.

Although pooled analyses and observational studies

have suggested substantial benefits of chemotherapy for

older breast cancer patients, many older patients, and par-

ticularly those C70 years, do not receive guideline-rec-

ommended chemotherapy [9, 11, 26–32]. The reasons for

non-standard treatment selection in our cohort may include

variables we could not measure, such as comorbidity

severity, PS, and preferences of patients and physicians. In

almost all cases, the non-standard treatments used are

known to be less toxic (i.e., single-agent chemotherapy or

trastuzumab monotherapy) than standard chemotherapy

regimens. However, approximately 5 % received non-

standard doublet chemotherapy.

We were unable to ascertain whether the selection of

non-standard regimens among women in our cohort was

appropriate. One could imagine that a chemotherapy regi-

men perceived to be less toxic yet efficacious in the met-

astatic setting (i.e., single-agent vinorelbine) may be

extrapolated for use in the adjuvant setting for a healthy,

older patient with lower-risk disease or for an older patient

with high-risk cancer but poor functional status. For

patients with lower-risk tumors, recent prospective data

from a large, multicenter clinical trial evaluating paclit-

axel-trastuzumab in approximately 400 patients of all ages

with node-negative HER2-positive breast cancer indicate

highly favorable outcomes and tolerability [33, 34], with a

three-year disease-free survival of 98.7 % (95 %

CI = 97.6–99.8 %). We believe that the results support the

use of this regimen in both younger and older women [35].

Fig. 1 Kaplan–Meier curves for overall survival among propensity-

weighted cohort of women who received standard (black) and non-

standard chemotherapy (gray)
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On the other hand, the administration of regimens such as

trastuzumab monotherapy, or trastuzumab-carboplatin-

paclitaxel and other non-standard, doublet chemotherapy

may be harder to rationalize without additional efficacy and

toxicity information.

Strikingly, 26.7 % of women experienced a hospital

event during the first 6 months of treatment. These rates are

higher than those reported in a prior analysis using SEER-

Medicare data for women with stage I–IV breast cancer

receiving chemotherapy, although this is likely because the

prior analysis included any adjuvant or metastatic chemo-

therapy regimen and ascertained a more limited set of

chemotherapy-related events [16]. In another analysis of

younger, commercially-insured patients, 16.1 % of

patients, had hospital events [15]. Our observation of

higher rates of hospital events in an older population is

consistent with prior studies demonstrating increased che-

motherapy-related toxicity for older (vs. younger) women

[26, 27] and highlight the urgent need to develop effective

and non-toxic treatment regimens for older patients.

To our knowledge, this large representative study is the

first to examine ‘‘real world’’ adjuvant chemotherapy for

older patients receiving trastuzumab. However, we

acknowledge several limitations. First, although medicare

claims can accurately provide information on hospital

events [16] and chemotherapy [36, 37], coding of specific

agents may be imperfect [38]. To maximize ascertainment

of each chemotherapy agent, we reviewed all patient-level

claims for chemotherapeutic agents over 1 year to identify

all agents with claims that were part of any regimen.

Second, it is possible that some chemotherapy was

administered for disease recurrence or subsequent cancers,

although the number of other cancers diagnosed was small

and did not impact our results. Third, the reasons for

treatment selection and treatment changes were not avail-

able. Fourth, propensity methods adjust for observed con-

founders only; however, our sensitivity analyses suggest

that large differences in unmeasured confounders would

need to exist to explain our findings. Fifth, we could not

examine chemotherapy-related toxicities that did not result

in hospital events, nor could we specifically ascertain

whether a hospital event occurred as a direct result of

chemotherapy or another underlying condition. Finally,

follow-up times were short. However, we repeated analyses

after restriction to patients with at least 2 years of follow-

up and found similar results.

In summary, we identified a substantial proportion of

patients who received non-standard, trastuzumab-based

chemotherapy among a large cohort of older women.

Approximately, one-quarter of women experienced a hos-

pital event due to presumed treatment-associated toxicity,

with higher rates among women receiving standard che-

motherapy. The higher hospital event rates did not translate

into worse survival. Although some evidence in the met-

astatic setting suggests that trastuzumab is effective with a

wide variety of chemotherapy agents given with it [6, 7,

39], this has not been consistently demonstrated in the

adjuvant setting. Furthermore, the Cancer and Leukemia

Group B (CALGB) 49907 trial demonstrated that adjuvant

capecitabine (a regimen used in metastatic disease) was

inferior to standard chemotherapy among older patients

with early-stage breast cancer, further emphasizing our

inability to extrapolate treatments from the metastatic set-

ting. Whenever possible, evidence-based, adjuvant regi-

mens should be strongly considered in all patients until

further prospective data are available to suggest otherwise.

Our findings underscore the need to conduct high

quality, prospective trials dedicated to the growing number

of older patients with breast cancer, with comprehensive

examination of short- and long-term toxicity, functional,

and outcome assessments. In particular, there is an urgent

clinical need to develop more tolerable regimens for higher

risk patients that still maintain efficacy, given the very high

utilization of hospital resources we observed in our study,

together with our observation of inferior survival in

patients administered less toxic, non-standard regimens. An

upcoming, multicenter study will administer a low-toxicity

regimen (trastuzumab emtansine) to older patients with

HER2-positive breast cancer and will include comprehen-

sive toxicity and efficacy endpoints. Until additional pro-

spective data are available, the development of consensus

guidelines for the treatment of older women with breast

cancer may facilitate a more standardized treatment

approach.
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Appendix

See Tables 4, 5, and 6.

Table 5 International classification of diseases 9 (ICD9) codes used

to define hospital events [15, 16]

Event ICD9 codea

Infections and fever 490, 480–486, 487, 590, 595.0, all

681–682, 510, 513, V58.62, 038.9,

790.7, 785.50, 785.52, 785.59, 780.6,

99.21, 99.22, 90788, 001.0–139.8b,

008.45c, 008.8c, 996.1c, 996.62c

Neutropenia 288.0, 288.8, 288.9, 288.03c, 289.9c

Thrombocytopenia or transfusion

of platelets

287.4, 99.05

Anemia or transfusion packed red

cells

280, 281, 284, 285, V58.2, 99.03,

99.04, 364.30, 284.0–285.9b, 284.8c

Nausea, emesis, diarrhea 787.91, 564.5, 787.0

Dehydration or electrolyte

abnormality

276.1, 276.8, 276.9, 99.18, 276.5,

276.51c, 253.6c, 780.2c

Malnutrition 783.21, 783.7, 799.4, 783.0, 783.22,

263.9, 99.15

Constitutional symptoms or non

specific complications of chemo

780.79, 780.2, 780.4, E9331

Acute deep venous thrombosis or

pulmonary embolism

451, 451.1, 451.2, 451.11, 415.19,

451.2, 451.83, 451.84, 451.89, 451.9,

452, 453, 453.0, 453.2, 453.3, 453.4,

453.40, 453.41. 453.42, 453.8,

415.19, 453.83, 453.84, 453.85,

453.86, 453.87, 453.89, V12.55,

V12.51, 415.1, 415.12

Kidney failure 593.9, 584.9, 584, 585,586

Delirium, psych 780.xb, 293.0c, 296.30c, 348.31c,

348.39c

Mucositis and ulcerative

conditions of the mouthd
528.00, 528.0, 528.3, 112.0, 695.13,

101, 528.2, 528.01. 528.02, 528.09,

Liver dysfunction/failure 573.9, 572.8, 570

Headache 784.0, 346

Heart failure/cardiomyopathy 402.XX, 404.XX, 425.XX, 429.3,

428.0, 428.30, 428.0–428.9

Conduction disorders/other

cardiacd
426.XX, 427.XX, 429.8, 429.9, 401.9c

Myocardial infarction and anginad 410–414.XX

Hip fracture, other fracture, any

dislocation

800–829, 830–839

Asthma or chronic obstructive

pulmonary disease

491.0–491.9, 492.0–492.8,

493.0–493.92

Other pulmonaryd 518.0–518.89

Thyroid disorders 240, 241, 242, 243, 244, 245

Breast cancer 174.0–174.9c

Diabetes 250.02*, 250.80c

a All codes adapted from Hassett et al. [15] except when specified
b Additional codes adapted from Du et al. [16] JCO 2002
c Additional ICD9 codes were included to broaden the diagnoses adapted

from Hassett [15] and Du [16] for each of the following: infection (i.e.,

related to devices, clostridium dificle), drug-induced neutropenia, aplastic

anemia, nonspecific diseases of blood, dehydration, syndrome of inappro-

priate antidiuretic hormone [SIADH], delirium, depression, encephalopathy,

hypertension, breast cancer, diabetes)
d Additional ICD9 codes known to be associated with chemotherapy and

trastuzumab
* We did not include neurological conditions (transient ischemic attack,

cerebral embolism, etc.), certain gastrointestinal conditions (pancreatitis,

ulcers, etc.), encounters for chemotherapy, postoperative infections, rashes,

or after care of healing and convalescence

Table 4 J-codes used to identify chemotherapy regimens

J-code(s) Chemotherapy

assigned

J9355 Trastuzumaba

J9264, J9265 Paclitaxel

J9000, J9001 Doxorubicin

J9170 Docetaxel

J9045 Carboplatin

J9190 5-fluorouracilb

J8530, J9093, J9070, J9080, J9090, J9092,

J9095, J9091, J9094, J9096, J9097

Cyclophosphamide

J9250, J9260 Methotrexateb

J9390 Vinorelbine

J9178, J9180 Epirubicin

J9201 Gemcitabine

J9035 Bevacizumab

J9062, J9060 Cisplatin

J8520 Capecitabine

J9206 Irinotecan

J9395 Fulvestrant

J3490, J9999 Unclassified drugsc

In the case where a treatment regimen was initiated and later changed

to a second regimen that was not part of an established sequential

chemotherapy regimen (such as doxorubicin–cyclophosphamide [AC]

followed by paclitaxel), the first regimen was categorized as the

initial, planned adjuvant treatment (i.e., if two cycles of docetaxel–

carboplatin–trastuzumab [TCH] were administered followed by

5-fluorouracil–epirubicin–cyclosphosphamide [FEC], then the patient

was categorized as having received TCH)

If a subsequent chemotherapy claim occurred more than 90 days after

the final claim for an assigned regimen (i.e., if AC was administered

for four cycles and vinorelbine was then administered 4 months later),

because of the unknown reasons for a treatment change after a sig-

nificant delay, then the adjuvant treatment was assigned according to

the initial regimen (in this case, AC)
a All patients had trastuzumab as part of their adjuvant regimen,

either sequential or concurrent with chemotherapy
b Patients with codes for methotrexate and 5-fluorouracil were cate-

gorized as having the regimen CMF given that oral cyclophospha-

mide coding may not be present in claims
c Not assigned to any specific regimen and did not impact treatment

assignment
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