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Abstract

Unwarranted breast cancer adjuvant chemotherapy dose reductions have been documented in
black women, women of lower socioeconomic status, and those who are obese. No information on
the quality of chemotherapy is available in Hispanic women. The purpose of this study was to
characterize factors associated with first cycle chemotherapy dose selection in a multi-ethnic
sample of low-income women receiving chemotherapy through the Breast and Cervical Cancer
Prevention Treatment Program (BCCPT) and to investigate the impact of Hispanic ethnicity and
patient self-efficacy on adjuvant chemotherapy dose selection. Survey and chemotherapy
information were obtained from consenting participants enrolled in the California BCCPT.
Analyses identified clinical and non-clinical factors associated with first cycle chemotherapy
doses less than 90 % of expected doses. Of 552 patients who received chemotherapy, 397 (72 %)
were eligible for inclusion. First cycle dose reductions were given to 14 % of the sample. In
multivariate analyses, increasing body mass index and non-academic treatment site were
associated with doses below 90 % of the expected doses. No other clinical or non-clinical factors,
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including ethnicity, were associated with first cycle doses selection. In this universally low-
income sample, we identified no association between Hispanic ethnicity and other non-clinical
patient factors, including patient self-efficacy, in chemotherapy dose selection. As seen in other
studies, obesity was associated with systematic dose limits. The guidelines on chemotherapy dose
selection in the obese may help address such dose reductions. A greater understanding of the
association between type of treatment site and dose selection is warranted. Overall, access to
adequate health care allows the vast majority of low-income women with breast cancer to receive
high-quality breast cancer chemotherapy.
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Introduction

Racial and ethnic disparities in breast cancer outcome in the United States have been
attributed to younger age at presentation [1, 2] and more advanced disease among these
minority groups [1, 3], a high proportion of estrogen receptor (ER)-negative [1] and “triple-
negative” tumors [4, 5], higher rates of some comorbid conditions among blacks and
Hispanics, and lower socioeconomic status (SES) [6], which may pose barriers to guideline-
concordant care [7] when compared to non-Hispanic whites and Asians.

In an attempt to improve access to breast and cervical cancer screening and treatment,
Congress passed the Breast and Cervical Cancer Prevention Treatment Program (BCCTP)
Act in 2000 that allowed Medicaid funds to pay for treatment for uninsured women whose
income was <200 % of the federal poverty level. The California BCCTP program is federal
and state funded for un- and under-insured women with income levels of 200 % of the
federal poverty level or less [8].

An in-depth review of the care delivered to women with breast cancer in the BCCTP
demonstrated that the care was of extremely high quality. Using 29 quality measures
developed by the National Initiative for Cancer Care Quality (NICCQ), the investigators
demonstrated that patients received 93 % of recommended care [9]. No information was
collected at that time, however, on chemotherapy dosing patterns. Unwarranted
chemotherapy dose reductions may compromise the efficacy of therapy and increase the risk
of cancer recurrence and death [10, 11].

Previous work has demonstrated that black women, women of lower SES, and obese women
are more likely to be underdosed with chemotherapy beginning with the first cycle of
chemotherapy [12-16]. Adjuvant chemotherapy dosing patterns in Hispanics have not been
described in the literature. The purpose of this study was to investigate patient demographic,
social, and psychosocial factors associated with receipt of optimal adjuvant breast cancer
chemotherapy doses in women enrolled in the BCCTP. We hypothesized that Hispanic
women would receive lower chemotherapy doses than non-Hispanic white women. This
hypothesis was based on the following—Hispanics have a particularly difficult time
accessing high-quality care, and immigrants with lower levels of proficiency in English have
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the most difficulty of all [17, 18]. Moreover, primary care physicians have described
challenges in providing high-quality care to Hispanics [19], and it is possible that
oncologists experience similar challenges. Our second hypothesis is that higher levels of
self-efficacy when communicating with physicians, regardless of race or ethnicity, would
increase the prescriber's confidence that patients could ask for help if and when a
chemotherapy side effect arises. Higher self-efficacy might thus in turn protect against
chemotherapy dose reductions.

We selected the first cycle of chemotherapy as the dependent variable because it is the first
cycle of therapy that is most highly influenced by the physician. That is, first cycle doses are
not selected based on a patient's previous experience or side effects with chemotherapy. In
addition, the dose given with the first cycle of chemotherapy is highly predictive of the
overall dose for the entire regimen [13].

Patients and methods

Study sample and data collection

Measures

The study sample and recruitment procedures have been published previously but are
described here [9]. Potential participants were identified with the assistance of the California
Department of Health Services [20]. Consecutive patients over the age of 18 who were
diagnosed with Stage I, 11, or 111 breast cancer between February 2003 and September 2005
were invited to participate in this study. All participants signed written informed consent in
English or in Spanish according to their language preference. Participation included
completion of a telephone survey and review of medical records among consenting patients.
Data were collected by telephone surveys, conducted approximately 6 months after
enrollment in the BCCTP, and exhaustive medical record abstraction, including medical
oncology records, in consenting patients.

The original sample has been described in detail elsewhere [20]. The original sample for this
study was 658. Further exclusions applied for this analysis were enrollment in a
chemotherapy clinical trial, patients who received a non-standard adjuvant chemotherapy
regimen based on the published literature, and patients in whom chemotherapy doses could
not be obtained (see Figure). Patients found, via detailed chart review, to have metastatic
disease early in the course of their adjuvant therapy were also excluded.

The dependent variable for the analyses was the chemotherapy dose ratio for the first cycle
of therapy. We created a dichotomous variable of actual:expected doses using a cutoff of
under 0.9 (that is, under 90 % of the expected chemotherapy doses) as in our previous work
[13]. For each patient, the chemotherapy regimen was classified as either standard or non-
standard based on regimens that were included in the guidelines of the National
Comprehensive Cancer Network during the years the patients were treated [21]. Patients
who received non-standard regimens (n = 33) were excluded from the analyses as shown in
the Figure.
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For those patients who received a standard regimen, the body surface area (BSA) was
calculated using height and actual weight and the Mosteller formula [22]. The expected dose
for each chemotherapeutic agent was calculated using standard published chemotherapy
regimens as in our previous work [13, 16]. The actual documented chemotherapy dose given
for the first cycle of chemotherapy was then divided by the expected chemotherapy dose to
obtain a dose ratio for each drug. This was repeated for each drug in the first cycle; all the
drugs were then averaged to obtain a regimen ratio as in our previous work and that of
others [13, 14, 16, 23].

The independent variables included age at the time of diagnoses (obtained from the patient
and the medical record), the presence or absence of comorbid conditions using the Katz
adaptation of the Charlson comorbidity index obtained via the survey and confirmed via
medical record review [24], race and ethnicity obtained by the survey, years of education
obtained from the survey, and social support measured using the question, “How often did
someone go to your doctor appointments with you?” for which the response options were,
“sometimes,” “rarely,” “always,” or “usually.” The responses to this question were
dichotomized into “sometimes/rarely” versus “always/usually.” Patient self-efficacy was
measured using the perceived efficacy in patient—physician interactions (PEPPI), a validated
self-administered scale that measures a patient's efficacy in getting her information and other
needs met in interactions with physicians [25-27]. The PEPPI, composed of five items, has a
scale ranging from O to 50, higher scores indicating higher perceived self-efficacy in
patient—physician interactions. Higher patient self-efficacy measured with the PEPPI has
been shown to correspond to greater success in managing post-treatment side effects after
multimodality breast cancer treatment [25].

The medical record was used to collect information on comorbid conditions (confirming
patient survey responses) and tumor characteristics (tumor size, lymph node status, and
hormone receptor status). The medical record was also used to obtain data on height and
weight and detailed information on chemotherapy regimen and doses as described above.
Obesity status was measured using body mass index (BMI), which in turn was calculated
using the Quatelet index (kg/cm?2) and the criteria of the World Health Organization [28].
Data abstraction was conducted by a trained abstractor with continuous data quality checks.

The type of treatment site (academic vs. non-academic) was obtained from the State of
California Office of Statewide Health Planning and Development, Hospital 2004 Annual
Utilization Data [29].

Statistical analyses

Descriptive statistics were generated for each of the key variables. Bivariate analyses were
performed for each of the clinical and pathologic variables. We then performed
multivariable logistic regression including all independent variables in the model. We tested
for interactions between treatment center and age, ethnicity/race, comorbidity, BMI, and
education. All statistical tests were two-sided, and a p value less than 0.05 was considered
statistically significant. All analyses were performed using SAS (Cary, NC).
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All study procedures were approved by the University of California, Los Angeles Human
Subjects Protection Committee, and the University of Michigan Institutional Review Board.

The Figure shows the original sample size and the final sample after exclusions were
applied. Of the original sample of 658 patients, 552 (85 %) received chemotherapy. Planned
exclusions were applied and are shown in Fig. 1 as described in the “Patients and methods”
section.

After examining the data, we imposed an additional exclusion criteria—patients who self-
identified their race as “other” (n = 6) due to the small number. The final sample thus
included eligible 397 patients. This includes 46 patients who received more than the
standard number of cycles of a standard regimen (e.g., doxorubicin and cyclophosphamide
for six rather than the standard four cycles). The final sample represented 72 % of those who
received adjuvant chemotherapy.

Sample characteristics

The final sample included 122 non-Hispanic white women, 21 black women, 226 Hispanic
women, and 28 Asian/Pacific Islander women. There were no Hispanic blacks. Sample
characteristics are shown in Table 1. In this uniformly low-income sample, age at diagnosis,
BMI, proportion of those who had completed high school, and patient self-efficacy in
physician encounters were significantly different according to race and ethnicity as follows.
The mean age at diagnosis among Hispanics was 47.8 years (SD 9.2), among blacks 53.8
years (SD 8.8), among non-Hispanic whites 51.4 years (SD 8.8), and among Asians/Pacific
Islanders 50.5 years (SD 7.4) (p < 0.001). The proportion or tumors that were hormone
receptor-positive was 71.3 % among non-Hispanic whites, 62.4 % among Hispanics, 38.1 %
among blacks, and 85.7 % among Asians (p = 0.002). The mean BMI among Hispanics was
30.1 (SD 5.8), among blacks 34.8 (SD 7.2), among non-Hispanic whites 30.4 (SD 7.8), and
among Asian/Pacific Islanders 28.0 (SD 7.7) (p = 0.005). Mean patient self-efficacy scores
in interactions with physicians as measured by the PEPPI (described above in “Measures”
section) were 35.2 (SD 13.2) among Hispanics, 42.7 (SD 8.8) among blacks, 40.9 (SD 8.9)
among non-Hispanic whites, and 35.8 (SD 12.1) among Asian/Pacific Islanders (p <
0.0001).

There were no significant racial or ethnic differences in number of comorbid conditions,
social support, stage of disease at diagnosis, or type of treatment site (academic vs. non-
academic facility).

Bivariate analyses

Most of the patients (86 %) received chemotherapy dose ratios that were over 0.9.
Chemotherapy first cycle dose reductions were associated with both clinical and non-clinical
factors as shown in Table 2. The percentage of patients receiving reduced chemotherapy
doses with the first cycle of chemotherapy was statistically significantly different according
to race/ethnicity. A lower percentage (9.3 %) of Hispanic women were treated with reduced
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chemotherapy doses than non-Hispanic whites (20.5 %), blacks (33.3 %), and Asian/Pacific
Islanders (10.7 %) (p < 0.001).

A higher number of comorbid conditions (p < 0.001), increasing BMI (p < 0.001), non-
Hispanic white and black race/ethnicity (p < 0.001), fewer years of education (p = 0.026),
and treatment at a non-academic treatment site (p = 0.019) were all associated with receipt
of a first cycle regimen ratio less than 0.9. Age, stage, hormone receptor status, social
support, and patient reported self-efficacy in patient—provider interactions were not
associated with first cycle chemotherapy dose selection.

Multivariate analyses

In logistic regression (Table 3), only increasing BMI (p < 0.001) and type of treatment site
(non-academic vs. academic, p = 0.037) were associated with a first cycle dose ratio under
0.9. We tested for interactions between treatment center and the following variables—age,
ethnicity/race, comorbidity, BMI, and education, and no significant interactions were
identified.

Conclusions

In summary, in this uniformly low-income sample receiving care through the BCCTP Act,
the majority of patients were treated with chemotherapy doses that were over 90 % of the
expected chemotherapy dose. Only obesity status and type of facility were associated with
first cycle adjuvant chemotherapy dose selection. No other clinical or social factors were
associated with dose selection, and, contrary to our hypothesis, Hispanic ethnicity and self-
reported patient efficacy in patient—provider interactions were not associated with
chemotherapy dose.

The association between obesity status and first cycle dose selection has been reported in
multiple clinical settings [12— 16] even in patients who are participating in clinical trials [10,
11]. Systematic dose reductions in the overweight and obese are most likely the result of
lack of awareness of both the importance of using actual body weight when calculating BSA
and the lack of excessive toxicity when full weight-based doses are used. The American
Society of Clinical Oncology published guidelines in 2012 on chemotherapy dosing in obese
patients receiving adjuvant or curative chemotherapy [30]; the patients in our sample were
treated well before the publication of the guidelines. It is important to note that the majority
of obese patients, approximately 70 % in this sample, were treated with chemotherapy doses
over 90 % of what would have been expected had actual body weight been used when
calculating BSA.

The association between type of treatment site and the specific process of chemotherapy
dose selection is intriguing. Findings in the literature are mixed regarding the association
between type of treatment facility and quality of care in women with breast cancer. One
study of patients in the Florida Cancer Data System demonstrated that patients treated in
non-teaching hospitals were more likely to receive standard therapy than those treated in
teaching hospitals [31]. When restricted to just the use of adjuvant chemotherapy for
regional disease, however, teaching hospital status was associated with higher use of
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chemotherapy, particularly among Hispanics [32]. Another study found that, among women
over age 65, chemotherapy was given more often in private practice settings than in other
settings [33]. Another study identified hospital type as a factor associated with quality of
care [7].

In an academic setting, oncologists generally have multiple other oncologists who share
responsibility for a group of patients. They may also have other resources available such as
mid-level providers, patient navigators, and interpreters to support the oncologist and patient
between treatment cycles should toxicity arise. Having a large group of colleagues and the
other resources mentioned may allay the concerns of an individual physician about potential
toxicity and its management between treatment cycles.

With respect to chemotherapy dose selection among Hispanics, we found no evidence of
systematic underdosing in this sample of patients. Furthermore, while patient self-efficacy
was lower among the Hispanics in our sample, patient self-efficacy was not associated with
chemotherapy dose selection as described above.

The findings that comorbidity, age, and stage were not associated with first cycle
chemotherapy dose selection are consistent with previous research among patients with
breast cancer receiving adjuvant therapy [13, 14]. These factors are more likely to determine
the receipt of chemotherapy rather than the dose selected once chemotherapy is decided
upon.

There are several limitations of this study that warrant discussion. The first is that our
sample was drawn from a single state. Wide variation in chemotherapy dose selection has
been demonstrated according to geographic region in the United States [16]. The findings of
our study thus cannot be generalized to other regions. In addition, the patients enrolled in the
BCCTP met specific criteria in order to be in the program and are not representative of all
low-income patients. The low number of black and Asian women does not allow us to draw
any conclusions about the quality of chemotherapy dose selection in these minority groups
in our sample. In addition, Hispanics in the United States are heterogeneous, and while
most, including in those in California, are of Mexican heritage [34], caution is needed when
discussing quality of care across any population as if that population was homogenous.
Finally, our measure of social support, which inquired about how often patients were
accompanied to physician visits, does not specifically ask whether the patient was
accompanied to the initial medical oncology consultation, which is most likely the visit at
which dose selection would be determined. We thus have a less precise measure of
perceived social support than would have been ideal for the construct we were aiming to
capture.

Despite these limitations, this study includes detailed and complete information on
chemotherapy dosing, information exceedingly difficult to obtain in a multi-site sample, in
low-income women. The inclusion of both patient self-reported data and data from the
medical record in a sample of Hispanic women yields a rich dataset that allows us to
investigate patterns and correlates of chemotherapy dose selection in a sample hitherto
unstudied.

Breast Cancer Res Treat. Author manuscript; available in PMC 2015 April 20.
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In conclusion, in this sample of low-income women receiving care through a federal- and
state-funded cancer treatment program, the doses of adjuvant chemotherapy did not differ
according to ethnicity or patient self-efficacy in communicating with medical providers.
Only obesity status and type of treatment site were independently associated with
chemotherapy dose selection in the adjuvant setting. Our findings, although not conclusive
with respect to racial, ethnic, or social disparities in chemotherapy dosing in the United
States population at large, indicate that such disparities need not exist. Access to adequate
health care allows the vast majority of low-income women with breast cancer to receive
high-quality breast cancer chemotherapy. In the face of evidence that access to physician
care is declining among Hispanics [35], our study suggests that access to high-quality
specialty care must remain a priority to preserve what is an attainable goal among
potentially vulnerable minority groups.
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Original sample of patients with Stage
I, I1, or III breast cancer, n = 658

A

Received chemotherapy, n =552

Ineligible, n = 30
e Metastatic disease at time of initial diagnosis identified
after in-depth record review

\ 4

Eligible sample, n = 522

Exclusions, n = 125

e Chemotherapy given as part of clinical trial, n =47

e Non-standard chemotherapy regimen with no reference
doses available, n = 33

e Chemotherapy doses not available, n = 39

e Race “other,”n=6

Final analytic sample, n =397

Fig. 1. Study sample flow diagram
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Sample characteristics, N = 397
N %
Age group (years)
<40 59 149
40-49 138 348
50-59 146 36.8
=60 54 13.6
Number of comorbid conditions
None 293 738
1 67 16.9
2 or more 37 93
Stage
| 77 194
1 223  56.2
11 97 244
Body mass index
Healthy weight (=18.5 to <25) 80 202
Overweight (=25 to <30) 137 345
Obese (=30 to <35) 95 239
Severely obese (=35) 85 214
Race/Ethnicity
Non-Hispanic white 122 30.7
Non-Hispanic black 21 53
Hispanic 226 56.9
Asian/Pacific islander 28 71
Years of education
Less than high school 182 458
High school graduate 215 54.2
Social support
Low 95 239
High 302 76.1
Site of treatment
Academic 289 728
Non-academic 108 27.2
Hormone receptor status
ER and/or PR positive 260 65.5
ER and PR negative 137 345
Mean SD
PEPPI (range 0-50) 374 120

ER estrogen receptor, PR progesterone receptor, PEPPI patient efficacy in patient—provider interactions, SD standard deviation
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Table 2
Number and per centage of patients given reduced chemotherapy dosesfor initial cycle of
therapy, N = 397
N % pvalue
Age group
<40 6 102 0.270
40-49 15 109
50-59 25 171
260 10 185
Number of comorbid conditions
None 31 106 <0.001
1 12 179
2 or more 13 351
Tumor stage
| 11 143 0.502
1] 28 12.6
1l 17 175
Hormone receptor status
ER or PR positive 33 127 0.265
ER and PR negative 23 16.8
Body mass index
Healthy weight (=18.5 to <25) 6 7.5 <0.001
Overweight (=25 to <30) 6 44
Obese (=30 to <35) 18 19.0
Severely obese (=35) 26 30.6
Race/Ethnicity
Non-Hispanic white 25 205 <0.001
Non-Hispanic black 7 333
Hispanic 21 9.3
Asian/Pacific Islander 3 107
Years of education
Less than high school 18 9.9 0.026
High school graduated 38 177
Social support
Low 19 200 0.058
High 37 123
Treatment Center
Non-academic 48 166 0.019
Academic 8 74
Mean  SD pvalue
PEPPI
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N % pvalue
Chemotherapy ratio >0.9 37.2 122 0.894
Chemotherapy ratio <0.9 374 120

Bold values indicate statistically significant difference

ER estrogen receptor, PR progesterone receptor, PEPPI patient efficacy in patient—provider interactions, SD standard deviation
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Table 3
Factor s associate with initial dose reductions, logistic regression, N = 397

OR 95%ClI p valuel

Age
<60 years Referent 0.862
260 years and older 0.926 (0.388,2.111)

Number of comorbid conditions

None Referent 0.088
1 1.314 (0.587,2.943)
2 or more 2.652 (1.111,6.327)
Body mass index
Normal Referent <0.001
Overweight 0.633 (0.191, 2.103)
Obese 2519 (0.891, 7.123)
Severely obese 4.679 (1.689, 12.961)
Race/Ethnicity
Non-Hispanic white Referent 0.335
Black 1.165 (0.380, 3.573)
Latina 0.535 (0.225, 1.166)
Asian 0512  (0.128, 2.242)

Educational attainment
Less than high school Referent 0.233
More than high school ~ 1.608  (0.737, 3.507)

Tumor stage
| Referent
1 0.871 (0.376,2.016)  0.918
11 0.991 (0.388, 2.527)

Hormone receptor status
ER and PR negative Referent 0.120
ER and/or PR positive  0.592  (0.305, 1.147)

Social support

Low Referent 0.258
High 0.672 (0.338,1.337)
Treatment site
Non-academic center Referent 0.030
Academic center 0.382  (0.160, 0.909)
PEPPI 0.987 (0.960, 1.014) 0.327

Bold values indicate statistically significant difference

ER estrogen receptor, PR progesterone receptor, PEPPI patient efficacy in patient—provider interactions, CI confidence intervals, OR odds ratio

Tp values refer to tests for significance of the variables in the adjusted model
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