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LEARNING OBJECTIVES

After completing this course, the reader will be able to:

1. Describe rates of adherence to anthracycline-based chemotherapy in elderly patients with early breast cancer,
using a population-based database.

2. Identify a subset of early breast cancer patients with a higher likelihood of non-adherence to the course of
chemotherapy treatment.

This article is available for continuing medical education credit at CME.TheOncologist.com.CMECME

ABSTRACT

Background. Rates of anthracycline adherence in breast
cancer (BC) patients are unknown, but noncompletion of
chemotherapy is associated with worse outcomes.

Methods. Using the Surveillance, Epidemiology, and End
Results–Medicare database, we obtained demographics,
comorbidities, tumor characteristics, and treatment and
hospitalization data from stage I–III BC patients diag-
nosed at age >66 years in 1996–2005 treated with surgery
who had anthracycline claims. We compared variables be-
tween patients with claims for less than four cycles, consid-
ered nonadherent cases, and those with claims for four or
more cycles using logistic regression analyses.

Results. The sample included 7,399 patients, of whom 1,222

(16.5%) were nonadherent cases. Two hundred forty-three
(3.3%) patients had one claim, 298 (4.0%) had two claims,
and 681 (9.2%) had three claims. The multivariate regression
model showed statistically significant associations between
nonadherence and older age, black race, unmarried status,
diagnosis before the year 2001, and hospitalizations.

Conclusions. Eighty-three percent of older patients with
early-stage BC completed at least four cycles of an anthra-
cycline-based chemotherapy regimen. We identified a sub-
set of patients with a higher likelihood of not adhering to
the course of treatment. Further research is warranted to
develop interventions to enhance adherence. The Oncologist
2012;17:303–311
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INTRODUCTION
In 2010, an estimated 207,090 women in the U.S. were newly
diagnosed with breast cancer, and 39,840 died as a result of this
disease [1]. The treatment of breast cancer usually entails a
multidisciplinary approach, with the specific treatment de-
pending on several factors, such as the stage at diagnosis, his-
tology, hormonal receptor status, and human epidermal growth
factor receptor 2/neu status. The current standard of care can
include surgery, chemotherapy, radiation therapy, hormonal
therapy, targeted therapy, or various combinations of these.
Other factors that can influence therapy are the patient’s age,
comorbidities, and the patient’s personal preference [2].

The benefits of adjuvant chemotherapy in effectively re-
ducing the risk for recurrence and death from breast cancer
have been shown by multiple randomized control trials and
meta-analysis [3]. Likewise, noncompletion of chemotherapy
has been associated with worse outcomes [4]. The causes of
nonadherence to chemotherapy are unknown because few
studies have addressed this issue outside the clinical trials set-
ting.

For several years, anthracyclines have been the backbone
of chemotherapy combinations used in the adjuvant and neo-
adjuvant settings. A minimum of four cycles of an anthracy-
cline-based regimen is considered a standard chemotherapy
regimen [5]. During the time period of this study, in the U.S.,
the most widely used anthracycline-based regimens were:
doxorubicin (A) with cyclophosphamide (C) for four cycles,
fluorouracil (F) with AC for six cycles, F with epirubicin at 100
mg/m2 and C for six cycles, and other regimens that use these
same chemotherapy agents with different dosing schedules
and/or in combination with taxanes such as paclitaxel and do-
cetaxel [3, 6].

We used the Surveillance, Epidemiology, and End Results
(SEER)–Medicare linked database [7] to describe the extent of
nonadherence to anthracycline-based chemotherapy regimens
in older patients with early breast cancer and to explore factors
associated with nonadherence.

MATERIALS AND METHODS

Data Source
We used data provided from the SEER–Medicare linked data-
base. SEER is a national population-based tumor registry of in-
cident cancer cases. SEER subjects who are eligible for
Medicare services have been linked to their Medicare records.
The SEER–Medicare database links the SEER data with Medi-
care records for the U.S. population aged �65 years, which re-
sults in a unique, large, population-based cancer registry data
for elder men and women.

Study Population
We initially identified 492,753 breast cancer patients (men and
women) with a date of diagnosis in 1973–2005 recorded in the
Patient Entitlement and Diagnosis Summary File (Fig. 1). We
selected those with a first breast cancer diagnosed in 1996–
2005 (removed 241,753). We excluded those who had a pre-
vious cancer before their diagnosis of breast cancer (n �

6,596) and also individuals who had a second cancer within 1
year of the diagnosis of breast cancer (n � 10,666). We also
excluded those with an unknown month of diagnosis (n �
915). We included patients with an age at diagnosis �66 years
(removed 79,996), with stage I–III disease (removed 38,626),
and who were treated with definitive surgery (removed 2,930).
To ensure complete Medicare claims, we selected individuals
who had full coverage of both Medicare Part A and Part B dur-
ing the 12 months before and 12 months after diagnosis and
had not been health maintenance organization member during
this time (removed 37,145). We also excluded patients who
died within 1 year of diagnosis (n � 2,853) because they may
have not survived long enough to receive a complete course of
chemotherapy. We also removed 123 patients with a non–
breast cancer histology code.

We had narrowed the study population down to 71,150
breast cancer patients. We then retrieved individuals’ an-
thracycline claims data from the Medicare databases, in-
cluding the Durable Medical Equipment, National Claims
History Physician/Supplier, and Outpatient files, which
covered claims for 1995–2007. Anthracycline claims were
identified using level II Healthcare Common Procedure
Coding System codes J9000, J9001, J9010 (only from
claims years 1995–1997), J9178, and J9180 [8]. We only in-
cluded anthracycline claims made within the first year after
diagnosis, limited to those patients who received their first
cycle of anthracycline within 4 months of diagnosis, and we
also excluded denied claims. We identified 31,618 anthra-
cycline Medicare claims that were made by 7,427 breast
cancer patients. We finally excluded 28 individuals who had
�15 anthracycline claims within the first year after diagno-
sis because they were considered outliers.

To evaluate comorbid conditions as a possible risk factor
for anthracycline nonadherence, we calculated a comorbidity
score using the Klabunde adaptation of the Charlson comor-
bidity index, which is a summary of weighted comorbidities
calculated using diagnostic and procedural codes available in
the Medicare inpatient and outpatient claims datasets. This co-
morbidity index has been demonstrated to predict mortality
and is widely used in research that uses claims datasets [9–11].
We used the SAS (SAS Institute Inc., Cary, NC) macro pro-
vided by the National Cancer Institute. For those who did not
have a comorbidity disease claim, we assigned a comorbidity
score of zero.

We considered the number of hospitalization admissions
between each patient’s first anthracycline claim and within 1
year of diagnosis as another possible factor associated with
nonadherence. Hospitalization claims falling within this time
frame were retrieved from the Medicare Provider Analysis and
Review file, which contains inpatient hospital information, in-
cluding dates of admission and discharge and diagnosis and
procedural codes. Hospitalization claims that occurred 60 days
after each patient’s last chemotherapy date were excluded be-
cause we thought they were unlikely to be a result of anthra-
cycline side effects. The accumulated number of days that each
patient remained hospitalized was also calculated.
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Statistical Analysis
Patients’ demographic, tumor, and treatment information was
depicted using descriptive analysis. The distributions of an-
thracycline cycles were calculated and illustrated in a column
graph. A flowchart-type diagram was used to describe the co-
hort pooling procedures. Patients who only finished one to
three anthracycline cycles were considered as nonadherent
cases, whereas those who finished 4 or more anthracycline cy-
cles were considered as adherent cases. A �2 analysis was con-
ducted to compare the frequencies of demographic, tumor, and
treatment variables between nonadherent and adherent cases.

To identify risk factors associated with nonadherence to
anthracycline-based chemotherapy, we conducted both uni-
variate and multivariate logistic regressions. Odds ratios (ORs)
and 95% confident intervals (CIs) were calculated. The multi-
variate model was adjusted for risk factors including age at di-
agnosis (66–70 years, 71–75 years, �75 years), race (white,
black, other), marital status, educational level, poverty level,
SEER region, year of diagnosis (before 2000, after 2000),

lymph node involvement (negative, positive, unknown), tumor
size (�2.0 cm, 2.0–4.9 cm, �5.0 cm, unknown), tumor grade
(1, 2, 3, unknown), progesterone receptor (PR) and estrogen
receptor (ER) status (negative, positive, unknown), surgery
(lumpectomy, mastectomy), Charlson comorbidity index
score (0, 1, 2�), radiation therapy (yes, no, unknown), and
number of hospitalizations (0, 1, 2�).

The values of census tract variables for education and pov-
erty were categorized in quartiles calculated in increasing or-
der. The quartiles for percentage of persons aged �25 years
with �12 years of education were: 0%–8.25% (representing a
high educational level), 8.25%–14.25% (medium), 14.25%–
23.45% (lower), and �23.45% (lowest). The quartiles for per-
centage of residents living below the poverty level were: 0%–
4.06% (representing the lowest poverty level), 4.06%–7.38%
(lower level), 7.38%–13.81% (medium level), and �13.81%
(high level). Census data from the 2000 files were supple-
mented with 1990 files if missing or unknown information was
found.

Breast cancer (women and men) diagnosed 1973–2005 (PEDSF):

n = 492,753

Year of first diagnosis between 1996 and 2005:

n = 251,000

Excluded: 241,753

Excluded: 18,177

First cancer diagnosis is breast cancer; known month of diagnosis;
no other cancer within 1 yr of breast cancer diagnosis:

n = 232,823

Age of diagnosis ≥ 66 yrs:

n = 152,827

Stage I–III, treated with lumpectomy or mastectomy:

n = 111,271

Full coverage of Medicare A and B, not HMO member:

n = 74,126

Alive within 1 yr of diagnosis:

n = 71,150

Anthracycline claims within 1st yr of diagnosis; 1st cycle was given
within 4 months of diagnosis:

7,427

Less than 15 anthracycline claims (considered as outliers):

7,399

Excluded: 79,996

Excluded: 41,556

Excluded: 37,145

Excluded: 2,976

Excluded: 63,723

Excluded: 28

Figure 1. Cohort pooling procedure.
Abbreviations: HMO, health maintenance organization; PEDSF, Patient Entitlement and Diagnosis Summary File.
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Besides the variables cited above, a univariate logistic re-
gression model also examined the association between the
number of accumulated hospitalization days and the odds of
anthracycline nonadherence. This variable was stratified as 0
days, 1–7 days, and �8 days, and was not included in the mul-
tivariate model because of its collinearity with the number of
hospitalizations. Tumor stage was not included in the logistic
regression analysis because it provided redundant information
with lymph node status and tumor size.

SAS system version 9.2 (SAS Institute, Inc., Cary, NC) was
used to perform all the data management and statistical analyses.

RESULTS
After applying the cohort pooling procedures described above,
the final cohort population sample consisted of 7,399 breast can-
cer patients who received anthracycline-based chemotherapy.
The distribution of the number of claims for these patients is
shown in Figure 2. In total, 6,177 patients (83%) had four or more
anthracycline claims and were, therefore, considered to be adher-
ent. Among the 1,222 patients who had fewer than four claims,
more than half (n � 681) had three claims, 20% (n � 243) had
only one claim, and 24% (n � 298) had two claims. Among the
adherent patients, �80% (n � 4,948) had exactly four claims, 4%
(n � 244) had five claims, 11% (n � 695) had six claims, and the
rest (5%) had seven or more claims.

Table 1 presents rates of nonadherence stratified by patient
characteristics and other factors. The study sample only in-
cluded 75 male breast cancer patients, of whom nine (12%)
were nonadherent. The majority of patients were white (84%),
married (55%), and with an age at diagnosis of 66–70 years
(53%). Regarding the tumor characteristics, 15% were stage I,
64% were stage II, and the remaining were stage III. Almost
half the tumors (49%) were histologic grade 3, 67% of patients
had positive lymph nodes, and 60% of tumors were either ER�

or PR�. Around 60% of the patients had a mastectomy per-
formed and almost half received radiation therapy.

The univariate analysis (Table 2) showed that the follow-
ing factors were associated with nonadherence: older age,

black and “other” race, unmarried status, Charlson comorbid-
ity index score �2, registration in the SEER geographic re-
gions of Connecticut and Hawaii, diagnosis in the year 2000 or
earlier, unknown lymph node status, tumor size �5.0 cm,
greater number of hospitalizations, and greater number of days
hospitalized. Interestingly, neither the educational level nor
the poverty level was associated with being nonadherent. Cer-
tain tumor characteristics, such as grade and receptor status,
were also not associated.

The results of the multivariate logistic regression model are
presented in Table 2. Age �75 years (33% higher odds), black
race (35% higher odds), and an unmarried status (21% higher
odds) were statistically significantly associated with nonad-
herence. Interestingly, the SEER regions of Connecticut and
Hawaii (with a twofold greater odds) were independently as-
sociated with nonadherence. Those with a diagnosis in the year
2000 or earlier had a 49% higher risk for nonadherence. None
of the tumor characteristics were associated with nonadher-
ence, after adjusting for all other variables included in the
model. Similarly, the Charlson comorbidity index score did
not maintain the strength of the association in the multivariate
model. However, the number of hospitalizations was strongly
associated with nonadherence and there was also a dose effect,
whereby those who had one hospitalization had an OR of 1.72
(95% CI, 2.26–3.50) and those who had two or more hospital-
izations had an OR of 2.81 (95% CI, 2.25–3.49).

DISCUSSION
This population-based study shows that greater age at diagno-
sis, black race, unmarried status, diagnosis before the year
2001, and higher number of hospitalizations were all factors
independently associated with nonadherence with an anthra-
cycline-based chemotherapy regimen in older patients with
early breast cancer. To our knowledge, this is the first popula-
tion-based study that specifically addressed nonadherence
with anthracyclines in older patients with early breast cancer.

In a previous population-based study of older women with
early breast cancer, factors associated with noncompletion of
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Figure 2. Distribution of anthracycline cycles.
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Table 1. Patient characteristics

Variable Strata

Total
n � 7,399

1–3 cycles
n � 1,222
(17%)

>4 cycles
n � 6,177
(83%)

�2 p-valuen % n % n %

Age at diagnosis, yrs 66–70 3,896 52.7% 581 47.5% 3,315 53.7% �.0001

71–75 2,298 31.1% 393 32.2% 1,905 30.8%

�75 1,205 16.3% 248 20.3% 957 15.5%

Gender Female 7,324 99.0% 1,213 99.3% 6,111 98.9% .2898

Male 75 1.0% 9 0.7% 66 1.1%

Race White 6,190 83.7% 973 79.6% 5,217 84.5% .0002

Black 552 7.5% 114 9.3% 438 7.1%

Other 657 8.9% 135 11.0% 522 8.5%

Marital status Married 4,038 54.6% 596 48.8% 3,442 55.7% �.0001

Not married 3,142 42.5% 596 48.8% 2,546 41.2%

Unknown 219 3.0% 30 2.5% 189 3.1%

Education level 0%–8.25% 1,873 25% 304 24.9% 1,569 25.4% .3376

8.25%–14.25% 1,846 25% 323 26.4% 1,523 24.7%

14.25%–23.45% 1,846 25% 284 23.2% 1,562 25.3%

�23.45% 1,834 25% 311 25.5% 1,523 24.7%

Poverty level 0%–4.06% 1,872 25% 306 25.0% 1,566 25.4% .5613

4.06–7.38% 1,850 25% 297 24.3% 1,553 25.1%

7.38–13.81% 1,845 25% 297 24.3% 1,548 25.1%

�13.81% 1,832 25% 322 26.4% 1,510 24.4%

SEER region California 2,268 30.7% 365 29.9% 1,903 30.8% �.0001

Georgia 293 4.0% 59 4.8% 234 3.8%

Connecticut 453 6.1% 90 7.4% 363 5.9%

Detroit 788 10.7% 112 9.2% 676 10.9%

Hawaii 144 1.9% 42 3.4% 102 1.7%

Iowa 553 7.5% 83 6.8% 470 7.6%

Kentucky 499 6.7% 69 5.6% 430 7.0%

Louisiana 540 7.3% 78 6.4% 462 7.5%

New Jersey 1,004 13.6% 183 15.0% 821 13.3%

New Mexico 175 2.4% 32 2.6% 143 2.3%

Seattle 359 4.9% 66 5.4% 293 4.7%

Utah 323 4.4% 43 3.5% 280 4.5%

Year of diagnosis 2000 or earlier 2,079 28.1% 418 34.2% 1,661 26.9% �.0001

After 2000 5,320 71.9% 804 65.8% 4,516 73.1%

Lymph node status Positive 4,978 67.3% 792 64.8% 4,186 67.8% .0002

Negative 2,158 29.2% 363 29.7% 1,795 29.1%

Unknown 263 3.6% 67 5.5% 196 3.2%

Size, cm �2.0 2,397 32.4% 365 29.9% 2,032 32.9% .0446

2.0–4.9 3,646 49.3% 604 49.4% 3,042 49.2%

�5.0 944 12.8% 171 14.0% 773 12.5%

Unknown 412 5.6% 82 6.7% 330 5.3%

(continued)
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adjuvant radiation therapy were: having a mastectomy, hospi-
talization during treatment, earlier year of diagnosis, and black
race [12]. Interestingly, both studies had analogous results re-
garding factors associated with nonadherence, such as race,
year of diagnosis, and hospitalization, and also regarding fac-
tors not associated with nonadherence, such as comorbidities
and tumor characteristics. In contrast to the present study, age
was not associated with adherence to radiotherapy.

Previous studies have shown that older women are less
likely to receive standard-of-care adjuvant chemotherapy. A
small single-center experience in Italy showed that poor com-
pliance with adjuvant cyclophosphamide, methotrexate, and
fluorouracil was more frequent among older patients [13]. De-
Michele et al. [14] reported that the odds of receiving chemo-
therapy was 22% lower for each year of increasing age. The
use of chemotherapy declines significantly with age across all
stages in women with breast cancer [15]. A previous study
from our institution found that women aged 65–74 years were
76% less likely and those aged �75 years were 97% less likely

to receive chemotherapy, compared with women aged 55–64
years [16]. In the present study, all patients received at least
one cycle of an anthracycline, so we assume that the recom-
mendation to provide this chemotherapy regimen was initially
given by the patient’s medical oncologist, and also that the pa-
tient would have consented.

African-American race has repeatedly been shown to be an
independent risk factor for worse survival from breast cancer than
with white race [17–19]. This disparity has persisted even after
controlling for known prognostic factors, such as stage at diagno-
sis and unfavorable biologic factors [18]. Using a single-institu-
tion tumor registry, Hershman et al. [4] demonstrated that
premature termination of chemotherapy in early-stage breast can-
cer patients was associated with both black race and poorer sur-
vival. Our study shows, on a population-based level, that black
race is a risk factor independently associated with nonadherence
with an anthracycline-based chemotherapy regimen, which could
contribute to survival disparities.

The explanation for a survival advantage among married per-

Table 1. (continued)

Variable Strata

Total
n � 7,399

1–3 cycles
n � 1,222
(17%)

>4 cycles
n � 6,177
(83%)

�2 p-valuen % n % n %

Grade 1 645 8.7% 109 8.9% 536 8.7% .0994

2 2,646 35.8% 407 33.3% 2,239 36.2%

3 3,595 48.6% 630 51.6% 2,965 48.0%

Unknown 513 6.9% 76 6.2% 437 7.1%

Estrogen receptor status Positive 4,319 58.4% 714 58.4% 3,605 58.4% .2419

Negative 2,228 30.1% 383 31.3% 1,845 29.9%

Unknown 852 11.5% 125 10.2% 727 11.8%

Progesterone receptor status Positive 3,458 46.7% 579 47.4% 2,879 46.6% .1828

Negative 3,012 40.7% 509 41.7% 2,503 40.5%

Unknown 929 12.6% 134 11.0% 795 12.9%

Surgery Breast conserving 2,943 39.8% 466 38.1% 2,477 40.1% .1995

Mastectomy 4,456 60.2% 756 61.9% 3,700 59.9%

Charlson comorbidity
index score

0 5,644 76.3% 905 74.1% 4,739 76.7% .0206

1 1,365 18.4% 234 19.1% 1,131 18.3%

2� 390 5.3% 83 6.8% 307 5.0%

Radiation therapy Yes 3,681 49.7% 569 46.6% 3,112 50.4% .0199

No 3,444 46.5% 613 50.2% 2,831 45.8%

Unknown 274 3.7% 40 3.3% 234 3.8%

n of hospitalizations 0 5,698 77.0% 799 65.4% 4,899 79.3% �.0001

1 1,248 16.9% 277 22.7% 971 15.7%

�2 453 6.1% 146 11.9% 307 5.0%

Cumulative hospital days 0 5,698 77.0% 799 65.4% 4,899 79.3% �.0001

1–7 1,147 15.5% 238 19.5% 909 14.7%

�8 554 7.5% 185 15.1% 369 6.0%

Abbreviations: SEER, Surveillance, Epidemiology, and End Results.
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Table 2. Univariate and multivariate analysis of the odds of nonadherence

Variable Strata
Univariate OR
(95% CI)

Multivariatea

OR (95% CI)

Age at diagnosis, yrs 66–70 Reference Reference

71–75 1.18 (1.02–1.35) 1.12 (0.97–1.29)

�75 1.48 (1.25–1.74) 1.33 (1.12–1.58)

Race White Reference Reference

Black 1.40 (1.12–1.73) 1.35 (1.06–1.73)

Other 1.39 (1.13–1.70) 1.19 (0.94–1.52)

Marital status Married Reference Reference

Not married 1.35 (1.19–1.53) 1.21 (1.06–1.38)

Unknown 0.92 (0.62–1.36) 0.83 (0.55–1.26)

Education level 0%–8.25% Reference Reference

8.25%–14.25% 1.09 (0.92–1.30) 1.04 (0.87–1.25)

14.25%–23.45% 0.94 (0.79–1.12) 0.84 (0.68–1.04)

�23.45% 1.05 (0.89–1.25) 0.84 (0.65–1.09)

Poverty level 0%–4.06% Reference Reference

4.06%–7.38% 0.98 (0.82–1.17) 1.07 (0.88–1.29)

7.38%–13.81% 0.98 (0.82–1.17) 1.09 (0.88–1.35)

�13.81% 1.09 (0.92–1.30) 1.24 (0.95–1.62)

Region California Reference Reference

Georgia 1.31 (0.97–1.79) 1.21 (0.88–1.67)

Connecticut 1.29 (1.00–1.67) 1.33 (1.01–1.75)

Detroit 0.86 (0.69–1.09) 0.81 (0.63–1.04)

Hawaii 2.15 (1.47–3.13) 2.03 (1.34–3.08)

Iowa 0.92 (0.71–1.19) 0.87 (0.66–1.14)

Kentucky 0.84 (0.63–1.10) 0.94 (0.69–1.27)

Louisiana 0.88 (0.68–1.15) 0.87 (0.65–1.16)

New Jersey 1.16 (0.96–1.41) 1.23 (0.99–1.52)

New Mexico 1.17 (0.78–1.74) 1.08 (0.71–1.64)

Seattle 1.17 (0.88–1.57) 1.15 (0.85–1.55)

Utah 0.80 (0.57–1.12) 0.85 (0.60–1.20)

Year of diagnosis After 2000 Reference Reference

2000 or before 1.41 (1.24–1.61) 1.49 (1.29–1.71)

Lymph node status Negative Reference Reference

Positive 0.94 (0.82–1.07) 0.87 (0.75–1.00)

Unknown 1.69 (1.25–2.28) 1.37 (0.99–1.88)

Size, cm �2.0 Reference Reference

2.0–4.9 1.11 (0.96–1.27) 1.07 (0.92–1.24)

�5.0 1.23 (1.01–1.50) 1.10 (0.88–1.38)

Unknown 1.38 (1.06–1.81) 1.07 (0.80–1.44)

Grade 1 Reference Reference

2 0.89 (0.71–1.13) 0.85 (0.67–1.08)

3 1.04 (0.84–1.31) 0.93 (0.73–1.18)

Unknown 0.86 (0.62–1.18) 0.76 (0.55–1.06)

(continued)
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sons with cancer, compared with the unmarried, is not well un-
derstood. Suggested reasons are a higher economic status,
healthier lifestyle behaviors, and more social support networks.
Using a SEER–Medicare database, Osborne et al. [20] demon-
strated that unmarried women with early-stage breast cancer were
less likely to receive definitive surgical intervention and also had
a higher risk for death from breast cancer, after controlling for
known prognostic factors. Silliman et al. [21] described that older
unmarried women were more concerned than married women
about postsurgical-related problems and possible out-of-pocket
costs of their care, which could lead them to choose a less intense
regimen. Our study adds to the body of research knowledge show-
ing that unmarried individuals with breast cancer are less likely to
complete an anthracycline-based chemotherapy regimen than
married patients.

Anthracycline-based chemotherapy is associated with higher
rates of chemotherapy-related toxicity in older patients [15]. It
seems intuitive that the number of hospitalizations and the num-
ber of cumulative hospitalization days after initiating chemother-
apy with an anthracycline-based regimen are associated with
nonadherence, considering the well-known toxicities, such febrile
neutropenia, infections, thrombocytopenia, mucositis, dehydra-
tion resulting from emesis, and cardiac toxicity. In addition, pa-

tients who develop an intervening severe medical illness might
not be appropriate candidates for further chemotherapy.

An independent factor found to be associated with nonad-
herence is being diagnosed with breast cancer before the year
2001, compared with a diagnosis after 2001. Better adherence
at later dates may relate to progress made in the symptom con-
trol of chemotherapy-induced side effects and possible greater
awareness of the importance of completion of chemotherapy
regimens to breast cancer outcomes.

Other studies are evaluating interventions that could help
improve completion rates of chemotherapy. The Improving
Patient Access and Adherence to Cancer Treatment random-
ized controlled trial in low-income Hispanic women suggested
that active telephone patient navigation or written resource in-
formational materials could improve adherence to chemother-
apy in breast cancer patients [22].

Using population-based claims databases has its inherent lim-
itations. One of them is that we cannot determine the actual che-
motherapy regimen used by each individual patient. We reviewed
chemotherapy claims made within 3 months after the last anthra-
cycline claim in nonadherent patients and found that 38% had at
least one claim for a taxane. It is likely that some of these patients
were switched to a nonanthracycline regimen or completed their

Table 2. (continued)

Variable Strata
Univariate OR
(95% CI)

Multivariatea

OR (95% CI)

Estrogen receptor Negative Reference Reference

Positive 0.95 (0.83–1.09) 1.00 (0.82–1.23)

Unknown 0.83 (0.67–1.03) 1.02 (0.56–1.86)

Progesterone receptor Negative Reference Reference

Positive 0.99 (0.87–1.13) 1.07 (0.89–1.30)

Unknown 0.83 (0.67–1.02) 0.80 (0.45–1.42)

Surgery Breast lumpectomy Reference Reference

Mastectomy 1.09 (0.96–1.23) 0.95 (0.82–1.10)

Charlson comorbidity index score 0 Reference Reference

1 1.08 (0.93–1.27) 1.01 (0.86–1.19)

2� 1.42 (1.10–1.82) 1.21 (0.93–1.58)

Radiation therapy No Reference Reference

Yes 0.84 (0.75–0.96) 0.84 (0.73–0.97)

Unknown 0.79 (0.56–1.12) 0.83 (0.57–1.20)

n of hospitalizations 0 Reference Reference

1 1.75 (1.50–2.04) 1.72 (1.47–2.01)

�2 2.92 (2.36–3.60) 2.80 (2.25–3.49)

Cumulative hospital days 0 Reference b

1–7 1.61 (1.37–1.89)

�8 3.07 (2.54–3.72)

The variable gender was not used in the regression models because of the low number of men.
aAdjusted for all other variables listed in the table.
bNot included in the multivariate model because of collinearity.
Abbreviations: CI, confidence interval; OR, odds ratio.
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chemotherapy schedule with a taxane. However, because of is-
sues with the timing of the billing, it is impossible to determine
which patients actually received further chemotherapy.

Another limitation is that we cannot determine the exact
reason for nonadherence for each patient. Other reasons could
be the patient’s oncologist recommending less than four cycles
of chemotherapy, the patient’s preference to stop treatment,
discontinuation resulting from chemotherapy-induced toxici-
ties, or the presence of a severe illness that impeded continua-
tion of the chemotherapy plan. Given that individual
chemotherapy agents are not discernable using Medicare
claims when patients receive chemotherapy in the inpatient
setting [23], we can also speculate that some of the nonadher-
ent cases could have received chemotherapy while hospital-
ized. Medicare billing errors and inaccuracies capturing billing
information can also occur, despite the strong incentives to bill
correctly [23]. Although all the patients included in this study
had medical insurance coverage provided by Medicare, it is
possible that out-of-pocket obligations, such as copays, could
have influenced a possible decision to not continue the planned
chemotherapy schedule. Our findings also only apply to older
U.S. breast cancer patients and may not be representative of a
younger population.

The reasons for nonadherence to chemotherapy schedules
could be different in developing countries, such as the experi-
ence described by Adisa et al. [24] in Nigeria, where the most
important reason to not complete the scheduled cycles was the
patient’s inability to afford the cost of the treatment, whereas

other causes were the unavailability of the drugs, hospital staff
strikes, lack of transportation to the treatment center, and opt-
ing out of the treatment plan to attend spiritual healing.

SUMMARY
Our study shows, on a population-based level, that �83% of pa-
tients diagnosed at age �66 years with stage I–III breast cancer
who initiate an anthracycline-based chemotherapy regimen com-
plete the scheduled cycles. We also identified a subset of patients
most likely to not adhere to the planned anthracycline-based reg-
imen. Further research is needed to determine reasons for non-
completion of chemotherapy and to develop interventions to
optimize chemotherapy treatment in older patients.
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