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Abstract

Background: Given previous reports of ethnic differences in breast cancer survival among Hawaii’s population,
we investigated the role of adherence to treatment standards, treatment toxicity, preexisting chronic conditions,
and obesity in the survival of 382 prospectively studied breast cancer patients representing six ethnic groups.
Methods: Participants were recruited from several hospitals in Honolulu. Information on tumor characteristics
and treatment was abstracted from medical records. Based on the Physicians Data Query (PDQ�), we assessed
compliance with recommended treatment guidelines. Vital status and cause of death data were obtained
through linkage with the Hawaii Tumor Registry. Cox proportional hazard models were used to compute
hazard ratios for predictors of survival.
Results: After a median follow-up time of 13.2� 3.7 years, 115 deaths had occurred, 43 from breast cancer and 72
from other causes. After adjustment, we observed only small differences in survival by ethnicity that were not
statistically significant. In addition to advanced disease stage, obesity at diagnosis was a significant independent
predictor of worse and receiving PDQ-recommended treatment of better breast cancer-specific and all-cause
survival. Developing high-grade toxicity was associated with worse breast cancer survival, whereas comorbidity
and older age at diagnosis were associated with higher all-cause mortality. Hormone receptor status, meno-
pausal status, and type of health insurance were not associated with survival.
Conclusions: These findings suggest that given access to healthcare, breast cancer patients experience similar
survival rates. Although more information about mechanisms of action would be useful, it appears reasonable to
recommend weight control to breast cancer survivors.

Introduction

In earlier years, population-based studies with limited
information on treatment and medical conditions reported

that breast cancer survival differed among ethnic groups in
Hawaii.1,2 In particular, the poorer breast cancer survival
among Native Hawaiian and Filipino women compared with
Caucasians and Japanese was only partially explained by
stage at diagnosis.3–6 Differences in treatment, preexisting
chronic diseases, and tolerance to chemotherapy were pro-
posed as possible factors for the remaining differences.
Compliance with consensus recommendations for breast
cancer treatment has been associated with improved sur-
vival,7 and comorbidity has been associated with lower sur-
vival rates.8–10 For example, during 10 years of follow-up, 59%
of breast cancer patients with severe comorbidity died of

causes other than cancer compared with only 8% of women
without comorbidity.10 Survival may be influenced by vari-
able chemotherapy response due to ethnic-related genetic
polymorphisms of chemotherapy metabolizing enzymes,11

but this type of information is mainly available from clinical
trials rather than population-based studies.12 When we com-
bined insurance claims data with tumor registry information,
comorbidity and treatment patterns were significant predic-
tors of breast cancer survival among women in Hawaii,
whereas ethnic differences were minimal and not significant
anymore.5 Our study, Patterns of Care and Outcomes for
Patients with Breast Cancer (POCO), explored ethnic varia-
tions in breast cancer treatment using detailed information
from medical charts, but no significant differences in adher-
ence to Physicians Data Query (PDQ�)-recommended treat-
ments were observed across ethnic groups.13 The current
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analysis reports on survival for the 382 POCO participants
after >10 years of follow-up. Our goal was to investigate the
impact of treatment given, comorbidity, tolerance to chemo-
therapy, and possible prognostic factors, such as obesity, on
breast cancer and overall survival.

Materials and Methods

Study design

As described elsewhere, women diagnosed with breast
cancer during March 1995–October 1996 on the Island of
Oahu were identified through the Hawaii Tumor Registry
(HTR) rapid reporting system.13 Of 843 eligible women, 406

(48.2%) participants were recruited; 147 women were mem-
bers of Kaiser Permanente Hawaii, a health maintenance or-
ganization (HMO), and 259 women were recruited through
several large community hospitals and fee-for-service (FFS)
practice. The current analysis included only the 382 incident
primary histologically confirmed cases. Data on ethnicity, age
at diagnosis, menopausal status, height, weight, stage, hor-
mone receptor status, carcinoma histological type, co-
morbidity, treatment received, adverse effects of treatment,
and other characteristics were collected from medical charts
and pathology reports. In 2009, we linked the POCO database
with HTR, a statewide surveillance, Epidemiology, and End-
Result (SEER) registry,14 to obtain vital status, date of last

Table 1. Characteristics of 382 Study Participants by Ethnicity

Characteristic Caucasian Chinese Filipino Hawaiian Japanese Other p

Number 93 45 27 49 137 31 NA
Vital status

Alive 68.8 62.2 70.4 65.3 75.2 67.7
Breast cancer death 6.5 20.0 18.5 16.3 8.0 12.9
Death from other cause 24.7 17.8 11.1 18.4 16.8 19.4 0.27

Follow-up (years)
0–<10 22.6 35.6 25.9 28.6 19.7 19.4
10–<13 19.4 20.0 11.1 26.5 17.5 29.0
13–<14 47.3 37.8 55.6 26.5 49.6 38.7
14–17 10.8 6.7 7.4 18.4 13.1 12.9 0.27

Age at diagnosis (years)
25–<50 22.6 26.7 37.0 36.7 20.4 45.2
50–<60 29.0 26.7 33.3 36.7 18.2 16.1
60–<70 20.4 13.3 18.5 22.4 35.0 19.4
70–95 28.0 33.3 11.1 4.1 26.3 19.4 0.0001

Menopausal status
Premenopausal 26.9 26.7 40.7 42.9 26.3 41.9
Postmenopausal 73.1 73.3 59.3 57.1 73.7 58.1 0.13

Body mass index (kg=m2)
<18.5 19.4 20.0 11.1 8.2 19.0 2 6.5
18.5–<25 37.6 42.2 59.3 18.4 38.7 41.9
25–<30 25.8 24.4 18.5 26.5 32.1 22.6
�30 17.2 13.3 11.1 46.9 10.2 29.0 0.0002

Tumor stage
0–I 68.8 57.8 66.7 46.9 73.7 58.1
IIA 19.4 15.6 14.8 26.5 15.3 25.8
IIB–IV 11.8 26.7 18.5 26.5 10.9 16.1 0.06

Hormonal status
ERþ=PRþ 66.7 57.8 55.6 67.3 67.2 64.5
ERþ=PR�&ER�=PRþ 19.4 15.6 14.8 10.2 12.4 16.1
ER�=PR� 14.0 26.7 29.6 22.4 20.4 19.4 0.67

PDQa

No 39.8 24.4 25.9 30.6 30.7 19.4
Yes 34.4 46.7 48.1 34.7 40.9 51.6
Yesþ 25.8 28.9 25.9 34.7 28.5 29.0 0.58

High toxicity
No 86.0 86.7 88.9 85.7 85.4 90.3
Yes 14.0 13.3 11.1 14.3 14.6 9.7 0.98

Comorbidity
No 73.1 80.0 70.4 61.2 65.7 83.9
Yes 26.9 20.0 29.6 38.8 34.3 16.1 0.12

Health insurance
Fee for service 57.0 62.2 55.6 38.8 79.6 45.2
HMO 43.0 37.8 44.4 61.2 20.4 54.8 <0.0001

All numbers in table except first line are percentages.
aAdherence to treatment guidelines according to Physicians Data Query (PDQ); Yesþ indicates additional treatments.
HMO, health maintenance organization.
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active follow-up, and primary cause and date of death for
deceased subjects. The study was approved by the Committee
on Human Studies of the University of Hawaii and by the
Institutional Review Boards (IRBs) of the participating hos-
pitals. All women recruited through the community hospitals
signed an informed consent form. For the HMO participants,
the two responsible IRBs approved the protocol as a medical
records review study that involved no personal contact with
the study subjects.

Statistical analysis

Using the SAS software package, release 9.2 (SAS Institute,
Cary, NC), univariate and multivariate Cox proportional
hazard models examined the relation between the variables of
interest and survival time and provided predictions to plot 10-
year survival curves.15 In models of breast cancer and all-
cause mortality, survival time was calculated from the date of
diagnosis until death or, if censored, the last active date of a
follow-up. When modeling breast cancer mortality, partici-
pants who either died of causes other than breast cancer or
who were alive at the last active follow-up were censored.

All participants were categorized into six ethnic groups
based on self-declared ethnic background. Women with any
Native Hawaiian ancestry were considered Native Hawaiian,
whereas women were classified as Caucasian, Japanese, Fili-
pino, and Chinese if they reported only one ethnic back-
ground. Women of mixed ethnicity, other than Hawaiian,
were included in the other ethnicity category. Japanese were
used as the reference category in the survival analysis because
they were the largest ethnic group. Body mass index (BMI)
was calculated as the ratio of weight in kilograms divided by
the square of the height in meters and categorized as under-
weight (<18.5), normal (18.5–<25), overweight (25–<30), and
obese (�30). Tumor, node, metastasis (TNM) stages were as-
signed according to the 1995–1996 version the American Joint
Committee on Cancer Staging Manual and collapsed into three
categories.16 Hormone receptor status was classified by a
three-level variable: (1) estrogen receptorþ=progesterone
receptorþ (ERþ=PRþ), (2) ER�=PRþ or ERþ=PR�, (3)
ER�=PR�. Comorbidity recorded from medical charts in-
cluded cardiovascular disease (CVD), pulmonary disease, li-
ver disease, neuromuscular=skeletal disorders, and kidney
disease and was classified into one dichotomous variable.5 A
three-level variable was created to describe PDQ adherence
based on medical charts: (1) adhered to PDQ� recommenda-
tions, (2) received extra treatment in addition to what was
recommended, e.g., chemotherapy for tumors of stage TIA–
TIB, (3) minimum required treatment was not received,13,17

but we did not have information on compliance or reasons
why less or additional treatment was administered. We
evaluated the effect of high-grade (levels 3 and 4) toxicity
based on the National Cancer Institute (NCI) common toxicity
criteria using a dichotomous variable. Type of medical in-
surance was classified as HMO membership vs. FFS setting.

Results

The mean age at diagnosis for the 382 patients was
59.3� 12.9 years (Table 1). Two thirds of women were diag-
nosed at stage 0 or I. In 2009, 115 (30.1%) women had died and
267 (69.9%) women were reported alive (Table 1). The median
follow-up time for all subjects was 13.2� 3.7 years. Among

the deceased, 43 died of breast cancer, 21 of other malignan-
cies, and 51 of causes other than cancer. Overall survival was
high: 340 (89%) patients were alive 5 years after diagnosis, and
291 (78%) were known to be alive after 10 years (Fig. 1).

More than half of the study subjects (n¼ 209) reported
Asian ancestry; Japanese constituted the largest ethnic group,

FIG. 1. Survival curves by adherence to treatment guide-
lines and weight status (based on Cox regression models).
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with 137 women. Statistically significant ethnic differences
were observed for age at diagnosis, BMI, and type of health
insurance. The difference in tumor stage was borderline sig-
nificant, with relatively more early-stage disease among Jap-
anese and more late-stage disease in Native Hawaiian and
Chinese. Close to half of all women were overweight or obese;
the proportion was highest among Native Hawaiians and
lowest among women with Asian ancestry. There was no
ethnic difference in hormone receptor status, PDQ treatment
adherence, comorbidities, and toxicity. Tumor characteristics,
such as stage and hormone receptor status, did not differ by
type of medical insurance.

Close to 30% of women had at least one concomitant
chronic condition. When adjusted for age, obese women were
more likely to report a comorbid condition, with an odds ratio

(OR) of 2.3 (95% confidence interval [CI] 1.2-4.3). However,
comorbidity was not associated with stage at diagnosis, ad-
herence to PDQ recommendations, or high-grade toxicity. The
majority of women (69.1%) received all treatment as re-
commended by PDQ, although 109 of these women (28.5%)
received additional treatment. A younger age, more advanced
stage at diagnosis, and positive hormone receptor status were
predictors of receiving additional treatment. Older age was
the only predictor of receiving less treatment than re-
commended by PDQ. All 104 women who received chemo-
therapy developed at least one low-grade toxicity, and close
to half of all women experienced at least one grade 3 or 4
toxicity, cytopenia being the most frequent.

In univariate models, women of Chinese ancestry had a
higher risk of dying of breast cancer compared with Japanese

Table 2. Predictors of Breast Cancer and All-Cause Mortality in Women with Breast Cancer

Breast cancer mortality All-cause mortality

Characteristic HR CI p HR CI p

Ethnicity
Japanese 1.00 1.00
Caucasian 0.39 0.13-1.16 0.09 1.03 0.60-1.75 0.92
Chinese 2.28 0.86-6.03 0.10 1.49 0.81-2.76 0.20
Filipino 1.68 0.50-5.67 0.40 1.76 0.79-3.95 0.17
Hawaiian 0.60 0.20-1.86 0.38 1.29 0.66-2.53 0.45
Other 1.57 0.45-5.44 0.48 1.52 0.72-3.20 0.27

Age at diagnosis (years)
25–<50 1.00 1.00
50–<60 2.48 0.83-7.42 0.10 1.07 0.47-2.48 0.87
60–<70 1.60 0.41-6.32 0.50 1.19 0.46-3.07 0.72
70–95 1.08 0.26-4.51 0.92 3.19 1.28-7.93 0.01

Menopausal status
Premenopausal 1.00 1.00
Postmenopausal 0.80 0.28-2.33 0.69 1.19 0.52-2.72 0.69

Body mass index (kg=m2)
<18.5 2.16 0.64-7.35 0.22 0.99 0.41-2.38 0.99
18.5–<25 1.00 1.00
25–<30 0.92 0.38-2.23 0.85 0.98 0.60-1.60 0.94
�30 2.99 1.22-7.33 0.02 2.06 1.23-3.44 0.006

Tumor stage
0–I 1.00 1.00
IIA 3.08 1.14-8.33 0.03 1.84 1.05-3.22 0.03
IIB–IV 11.2 4.97-25.3 <0.0001 3.72 2.27-6.09 <0.0001

Hormonal status
ERþ=PRþ 1.00 1.00
ERþ=PR� and ER�=PRþ 1.08 0.35-3.32 0.90 1.58 0.80-3.12 0.19
ER�=PR� 0.88 0.39-2.01 0.76 1.07 0.62-1.86 0.80

PDQa

No 1.00 1.00
Yes 0.26 0.10-0.65 0.004 0.50 0.32-0.79 0.003
Yesþ 0.75 0.32-1.74 0.51 0.72 0.42-1.21 0.21

High toxicity
No 1.00 1.00
Yes 2.13 0.94-4.84 0.07 1.27 0.69-2.33 0.44

Comorbidity
No 1.00 1.00
Yes 1.10 0.50-2.41 0.82 2.19 1.46-3.28 0.0002

Health insurance
Fee for service 1.00 1.00
HMO 1.66 0.85-3.25 0.14 1.23 0.81-1.87 0.32

Multivariate Cox’s model adjusted for all other variables (hazard ratios and 95% confidence intervals).
aAdherence to treatment guidelines according to Physicians Data Query; Yesþ indicates additional treatments.

234 MASKARINEC ET AL.



women, with a hazard ratio (HR) of 2.80 (95% CI 1.16-6.76). In
the multivariate model (Table 2), however, ethnicity was no
longer a significant predictor of breast cancer survival; the
slightly lower risk in Caucasians and the higher risk in Chinese
were not significant. As expected, advanced tumor stage pre-
dicted significantly higher breast cancer mortality (HR 11.2;
95% CI 4.97-25.3). Receiving recommended treatment lowered
the risk of dying from breast cancer by 74%, but receiving ad-
ditional treatments was only related to a nonsignificant 25%
risk reduction. Obesity predicted significantly higher breast
cancer mortality (HR 2.99, 95% CI 1.22-7.33). This relation was
observed independent of adherence to treatment (Fig. 1).
Normal and overweight women experienced similar survival,
whereas underweight women had the highest risk of mortality.
The association of high toxicity with worse survival in the
univariate analysis (HR 3.06, 95% CI 1.59-5.86) was attenuated
after adjustment for covariates, primarily by stage at diagnosis
(HR 2.13, 95% CI 0.94-4.87). For patients who received che-
motherapy, obese but not overweight women were less likely
to experience treatment toxicity than normal weight women
(OR 0.24, p¼ 0.03), but the interaction was not significant. Age,
menopausal status, comorbidity, hormone receptor status,
and type of health insurance were not associated with breast
cancer-specific survival.

The multivariate model for all-cause mortality also indi-
cated no differences by ethnicity, and obesity, tumor stage,
and PDQ adherence showed similar associations as for breast
cancer-specific survival. However, all-cause mortality was
significantly elevated for women�70 years and for those with
comorbidity; the respective HRs were 3.19 (95% CI 1.28-7.93)
and 2.19 (95% CI 1.46-3.28).

Discussion

In this breast cancer investigation with>13 years of follow-
up, 43 deaths from breast cancer and 72 from other causes
were analyzed. As expected, tumor stage at diagnosis was the
most important predictor for survival. Although the small
ethnic differences in survival were not significant and prob-
ably because of the limited number of events in each ethnic
group, our findings do not exclude ethnic disparities as ob-
served elsewhere, in particular among African American
women.18,19 Noteworthy findings were that obesity at diag-
nosis was a significant independent predictor of worse and
receiving recommended treatments of better breast cancer-
specific and all-cause survival. High-grade toxicity was
associated with worse breast cancer survival, whereas co-
morbidity and older age at diagnosis were associated with
higher all-cause mortality. Hormone receptor status, meno-
pausal status, and type of health insurance were not associ-
ated with survival.

Because access to care was uniform in this study and
known prognostic factors were included in the analysis, the
nonsignificant ethnic differences indicate that differences in
genetic susceptibility by ethnic group do not affect response to
treatment to a significant degree. From the limited compara-
tive data, there is also little indication that, unlike in African
Americans, Her2=neu expression and the triple negative type
are more common in Asians than Caucasians.20,21 Although
associated with survival in other studies, ER=PR status was
not significant in predicting survival, possibly because of the
lack of standardized assays and missing values.22,23 In con-

trast to our study, age was an independent adverse predictor
of breast cancer survival in a report that did not adjust for
comorbidities.24 The protective effect of recommended treat-
ment agrees with other reports, although guidelines vary by
time and location,7,25 but receiving additional treatments over
the recommended ones did not improve survival. As we have
no information on treatment decisions, we cannot explain
why 30% of patients did not receive all recommended treat-
ments. As was shown in our previous report, the differences
in adherence to treatment guidelines were mainly explained
by age at diagnosis.13 According to our data, comorbidity did
not influence adherence to treatment guidelines, but in
agreement with previous data, comorbidity was an inde-
pendent predictor of dying from all causes.8

Accumulating evidence indicates that obesity and lack of
physical activity are linked with breast cancer incidence and
survival in women who have had breast cancer.26–28 A large
nutritional trial observed better survival among women who
lost weight, but only with ER�=PR� tumors.22 Our findings
support the idea that obesity around the time of diagnosis
constitutes a risk factor for breast cancer-specific and overall
survival (Fig. 1). Several mechanisms to explain the associa-
tion between obesity and reduced prognosis have been pro-
posed.29 Obese women may be given lower doses of
chemotherapy because the ideal body surface area rather than
true body surface area is used to estimate the dose of che-
motherapy.30–32 The fact that obese women experienced less
toxicity than normal weight women supports that hypothesis,
but we did not detect an interaction between obesity and
toxicity on breast cancer-specific survival. Other proposed
biological mechanisms include higher estrogen levels among
obese women that counter the efficacy of tamoxifen and in-
crease cell proliferation, elevated adipokine levels caused by
obesity that may accelerate cancer progression, independent
effects of insulin, altered immune responses, and oxidative
stress.33,34

The main limitations of this study were a small number of
deaths by ethnic group, the absence of longitudinal weight
information, the lack of tumor markers not evaluated in 1995–
1996, (e.g., Her2=neu), and the nonstandardized assessments
for ER and PR. Better control for these factors may have di-
minished the importance of obesity or comorbidity, further
reduced the ethnic differences, or explained the differences
due to adherence to treatment standards. We also note that
with significant differences in stage at diagnosis and a large
number of subjects who were diagnosed with early-stage
disease, we cannot exclude residual effects of screening even
after controlling for stage at diagnosis.35 Given that treatment
guidelines change rapidly, the findings of a study conducted
at a later time may differ.

Conclusions

The most noteworthy observations in this survival analysis
within a relatively small population of breast cancer patients
are related to ethnicity, adherence to treatment guidelines,
and obesity. The present data suggest that given similar access
to healthcare, breast cancer patients of different ethnicity ex-
perience similar survival rates. Adherence to recommended
treatment standards was effective in improving survival
outcomes in women with breast cancer. Possible reasons
for deviating from PDQ guidelines, however, such as the
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physician’s judgment about biologically more serious disease
or treatment tolerance due to ill health or comorbidities, were
not known. Finally, it is encouraging to know that there
appears to be a modifiable lifestyle factor that may improve
breast cancer survival. Although more information about
mechanisms of action would be useful, as well as the amount
of weight loss needed to improve outcomes, it appears rea-
sonable to recommend weight control to breast cancer survi-
vors. Although the literature and our findings agree that a
healthy weight is important for breast cancer survivors, it is
important to note that many times, behavior, such as diet and
exercise, cluster together.36 Thus, looking at these behaviors in
a larger context is crucial. A critical direction for the future is
to understand what leads to the adoption of health behaviors
by breast cancer survivors, in particular Native Hawaiian
women with high rates of obesity and comorbidity,37 because
interventions may lead to a healthier weight.38,39
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