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• Among patients with advanced-stage
ovarian cancer, the provider combination
of HVH/HVP is an independent predictor
of improved disease-specific survival.

• Access to high-volume ovarian cancer
providers is limited.

• Barriers aremore pronounced for patients
with low socioeconomic status, Medicaid
insurance, and racial minorities.
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Objective. To characterize the impact of hospital and physician ovarian cancer case volume on survival for
advanced-stage disease and investigate socio-demographic variables associated with access to high-volume
providers.

Methods. Consecutive patients with stage IIIC/IV epithelial ovarian cancer (1/1/96–12/31/06) were identified
from the California Cancer Registry. Disease-specific survival analysis was performed using Cox-proportional
hazards model. Multivariate logistic regression analyses were used to evaluate for differences in access to
high-volume hospitals (HVH) (≥20 cases/year), high-volume physicians (HVP) (≥10 cases/year), and cross-
tabulations of high- or low-volume hospital (LVH) and physician (LVP) according to socio-demographic

variables.

Results. A total of 11,865 patients were identified. Themedian ovarian cancer-specific survival for all patients
was 28.2 months, and onmultivariate analysis the HVH/HVP provider combination (HR = 1.00) was associated
with superior ovarian cancer-specific survival compared to LVH/LVP (HR = 1.31, 95%CI = 1.16–1.49). Overall,
2119 patients (17.9%) were cared for at HVHs, and 1791 patients (15.1%) were treated by HVPs. Only 4.3% of
patients received care from HVH/HVP, while 53.1% of patients were treated by LVH/LVP. Both race and socio-
demographic characteristics were independently associated with an increased likelihood of being cared for by
the LVH/LVP combination and included: Hispanic race (OR = 1.72, 95%CI = 1.22–2.42), Asian/Pacific Islander
race (OR = 1.57, 95%CI = 1.07–2.32), Medicaid insurance (OR = 2.51, 95%CI = 1.46–4.30), and low socio-
economic status (OR = 2.84, 95%CI = 1.90–4.23).

Conclusions. Among patients with advanced-stage ovarian cancer, the provider combination of HVH/HVP is
an independent predictor of improved disease-specific survival. Access to high-volume ovarian cancer providers
is limited, and barriers aremorepronounced for patientswith low socioeconomic status,Medicaid insurance, and
racial minorities.
© 2013 Elsevier Inc. All rights reserved.
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Introduction

The United States accounts for approximately 10% of theworld ovar-
ian cancer burden,with an estimated 22,240 new cases being diagnosed
in 2013 and 14,030 disease-related deaths [1,2]. The National Institutes
of Health, National Cancer Institute, American College of Obstetricians
and Gynecologists, Society of Gynecologic Oncology, and the National
Comprehensive Cancer Network (NCCN) have recommended that
womenwith suspected ovarian cancer should be afforded an evaluation
and surgical intervention by a qualified gynecologic oncologist, and the
Society of Surgical Oncology practice guidelines add that “…optimal
treatment of this disease requires the skillful and appropriate integra-
tion of cancer surgery and chemotherapy, and is best carried out in cen-
ters in which a coordinated and experienced multidisciplinary team is
available” [3–6].

Inadequate access to high-volume providers for disease processes
with a demonstrated positive volume–outcome relationship has con-
tributed to widespread racial disparities in cancer care in the United
States [7]. For ovarian cancer, the extent to which racial and socioeco-
nomically based differences in access to high-volumeproviders contrib-
ute to disparities in treatment and survival has not been well
characterized [8]. The primary objective of the current studywas, there-
fore, to investigate the impact of socio-demographic variables, including
race, payer status, and socioeconomic status (SES), on access to high-
volume ovarian cancer hospitals and physicians in the most clinically
challenging patient population —those with stage IIIC/IV disease. As a
secondary objective, we aimed to characterize the combined impact of
both hospital and physician case volume on ovarian cancer-specific
survival.

Methods

The study design was a retrospective population-based study of in-
vasive epithelial ovarian cancer reported to California Cancer Registry
(CCR) and received exempt status by the Institutional Review Board of
the University of California, Irvine (HS#2011-8317). CCR case reporting
is estimated to be 99% for the entire state of California, with follow-up
completion rates exceeding 95% [9]. International Classification of Dis-
ease Codes for Oncology (ICD-O) based onWorld Health Organization's
criteriawas used for tumor location and histology. Caseswere identified
using ovarian Surveillance, Epidemiology, and End Results (SEER) pri-
mary site code (C569).

The initial study population includedwomenwhowere age 18 years
or older at the time of diagnosis of afirst or only invasive epithelial ovar-
ian cancer. A total of 21,044 incident ovarian cancer cases were identi-
fied during the time period between January 1, 1996 and December
31, 2006, with follow-up extending through January 2008. Sequential
exclusion of 101 borderline tumors, 151 germ cell tumors, 14 sex cord
tumors, 246 cases that had missing ICD-O-2 morphology code, 742
cases that were prepared from autopsy or death certificate only, 168
with unknown surgery and/or chemotherapy information, 1242 with
incomplete clinical information and 53 with incomplete hospital infor-
mation, left 18,327 cases of all stages. Thefinal number of cases included
in this studywas 11,865, whowere diagnosedwith International Feder-
ation of Gynecology and Obstetrics (FIGO) stage IIIC or stage IV disease.

The main outcome variables were annual ovarian cancer hospital
volume, annual ovarian cancer physician volume, and the combination
of hospital andphysicianvolume categories. Hospital volumewas calcu-
lated based on the average annual number of all ovarian cancer cases
(stages I–IV) that were admitted in that hospital. Hospitals with ≥20
cases per year were classified as high-volume (HVH), and hospitals
with b20 cases per year were considered low-volume (LVH). Physician
volume was derived from the average annual number of all cases
(Stages I–IV) fromeach patient's physician (surgeon,medical oncologist
or attending physician, whichever had higher volume). Physicians with
≥10 cases per year were categorized as high-volume (HVP), and those
with b10 cases per year were considered low-volume (LVP) [10–13]. A
case was considered as HVP if any of a patient's treating physicians was
high volume. Physician volumewas categorized as unknown if the case
had no specific physician information.

Explanatory variables included patient and tumor characteristics.
Race/ethnicitywas categorized into four groups:White, Black, Hispanic,
and Asian/Pacific Islander. Insurance type/payer status was grouped
into 4 categories: Private insurance (Managed care, HMO, PPO or
other private insurance), Medicaid, Medicare, or Other insurance type
(military, county-funded, uninsured, and self pay). Socioeconomic Sta-
tus (SES) was classified according to increasing quintile of Yost score:
lowest (SES-1), low-middle (SES-2), middle (SES-3), high-middle
(SES-4) and highest (SES-5) [9]. The Yost score is an index of SES level
based on a principal components analysis of census variables at the Cen-
sus block-level and includes education, household income, proportion
below 200% poverty level, house value, rent, percent employed, and
percent with blue-collar employment [14]. Age at diagnosis was used
either as a continuous variable or categorical variable with four groups:
younger than 45 years, 45 to 54 years, 55 to 69 years, and 70 years or
older. Tumor characteristics such as FIGO stage, grade, histology and
size of the tumor were also included as explanatory variables.

Descriptive statistics were compiled, and differences of characteris-
tics among outcome variable groups were analyzed with χ2 test or
Fisher's Exact test for categorical variables. After examining proportion-
al odds assumption and model fit, multinomial logistic regression
models were used to perform multivariate analyses for outcomes that
had more than two categories. The high-volume provider group was
set up as the referent in themodel for each outcome variable. Binary lo-
gistic regressionwas performed for dichotomous outcomes. Odds ratios
(OR) and their 95% confidence intervals (95%CI) were calculated.
Disease-specific survival analysis was performed using the Kaplan–
Meier estimate of survival probability. After verifying the proportional-
ity assumption, a Cox-proportional hazardsmodelwasfitted to evaluate
the independent effect on survival of demographic variables, disease-
related characteristics, and provider volume predictor combinations.
Possible interaction terms of main effects were tested, and statistically
insignificant factors were removed from the final model using forward
selection. Adjusted hazard ratios (HR) and 95%CIs were generated. All
statistical analyses were performed using SAS 9.2.

Results

Population characteristics

The median age at diagnosis was 65.0 years (range = 18–
104 years), and 7272 patients (61.3%) had Stage IIIC disease, while
38.7% had Stage IV disease (Table 1). White patients accounted for
71.7% of cases, followed in frequency byHispanics (15.3%), Asian/Pacific
Islanders (8.3%), and Blacks (4.7%). Private insurancewas themost com-
mon payer category (47.7%), and 32.5% of patients had Medicare.

A total of 400 hospitals provided care to advanced-stage ovarian
cancer patients during the 11-year study period. Of the 11,865 cases,
11,845 had a recorded county of residence. Twelve hospitals (0.03%)
were categorized as HVH and accounted for 2119 cases (17.9%). The
388 LVHs accounted for 9726 cases (82.1%). Among all patients, HVP
accounted for 15.1% of cases (1791 patients), and 61.9% of patients
(n = 7341) were cared for by LVPs. In 23.0% (n = 2733) of cases the
physician was unknown. Just 4.3% of patients were cared for by the
combination of a HVP at a HVH, while the combination of LVP/LVH
accounted for 53.1% of cases.

Survival analysis —effect of provider volume combinations

The median ovarian cancer-specific survival for all patients was
28.2 months. On univariate analysis, hospital and physician ovarian
cancer volume combinations were significantly associated withmedian



Table 1
Study population characteristics.

Characteristic n Percentage

Total 11,865 100.0

Age
b45 years 1043 8.8
45–54 years 2083 17.6
55–69 years 4214 35.5
≥70 years 4525 38.1

Race
White 8509 71.7
Hispanic 1813 15.3
Asian/Pacific Islander 982 8.3
Black 561 4.7

Insurance
Privatea 5660 47.7
Medicare 3853 32.5
Medicaid 986 8.3
Otherb 1366 11.5

Socioeconomic status (SES)
Lowest (SES-1) 1545 13.0
Low-middle (SES-2) 2156 18.2
Middle (SES-3) 2508 21.1
High-middle (SES-4) 2769 23.3
Highest (SES-5) 2887 24.3

Stage
IIIC 7272 61.3
IV 4593 38.7

Tumor grade
Grade I 348 2.9
Grade II 1573 13.3
Grade III 5028 42.4
Grade IV 1249 10.5
Not specified 3667 30.9

Histology
Serous 5789 48.8
Mucinous 419 3.5
Endometrioid 644 5.4
Clear cell 322 2.7
Adenocarcinoma NOSc 1988 16.8
Other 2703 22.8

Hospital type
ACOSd approved 3960 33.4
Not-ACOSd approved 4809 40.5
Unknown 3096 26.1

Hospital volume
High (HVH, ≥20 cases/year) 2119 17.9
Low (LVH, b20 cases/year) 9746 82.1

Physician volume
High (HVP, ≥10 cases/year) 1791 15.1
Low (LVP, b10 cases/year) 7341 61.9
Unknown 2733 23.0

Hospital and physician volume
HVH/HVP 515 4.3
HVH/LVP 1038 8.8
LVH/HVP 1276 10.8
LVH/LVP 6303 53.1
HVH/unknown physician volume 566 4.8
LVH/unknown physician volumed 2167 18.3

a Private insurance: managed care, HMO, PPO or other private insurance.
b Other insurance: military, county-funded, uninsured, and self pay.
c NOS: not otherwise specified.
d American College of Surgeons cancer program.

Fig. 1. Ovarian cancer-specific survival stratified by hospital and physician volume: HV-
hospital/HV-physician n = 515, HV-hospital/LV-physician n = 1038, LV-hospital/HV-
physician n = 1276, LV-hospital/LV-physician n = 6303 (p b 0.0001).
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ovarian cancer-specific survival: HVH/HVP = 40.2 months (95%CI =
35.6–45.5 months), HVH/LVP = 34.9 months (95%CI = 31.6–37.4
months), LVH/HVP = 37.6 months (95%CI = 34.8–41.0 months), and
LVH/LVP = 25.1 months (95%CI = 23.9–26.0 months) (p b 0.0001)
(Fig. 1). Across racial and socioeconomic strata, the LVH/LVP provider
combination demonstrated the lowest ovarian cancer-specific survival
compared to other provider combinations forWhites (p b 0.001), Blacks
(p = 0.048), Hispanics (p = 0.001), Asian/Pacific Islanders (p =0.002),
SES-1 (p b 0.001), SES-2 (p = 0.001), SES-3 (p b 0.001), SES-4
(p b 0.001), and SES-5 (p b 0.001). Cox proportional hazards model for
disease-specific survival revealed that, after controlling for other vari-
ables and removing non-significant factors in a stepwise fashion, the
HVH/HVP combination (HR = 1.00) was associated with superior
ovarian cancer-specific survival compared to LVH/LVP (HR = 1.31,
95%CI = 1.16–1.49) (Table 2). HVH/HVP survival was also superior to
the combinations of HVH/LVP and LVH/HVP, although these differences
did not reach statistical significance. Increasing age, stage IV disease,
and atypical histological subtype were also significantly associated with
survival.

Access according to hospital case volume

HVH care was more common among Black patients (23.0%) com-
pared to Whites (17.9%), Hispanics (15.4%), and Asian/Pacific Islanders
(18.9%, p = 0.004). Increasing SES was related to the frequency of
HVH care in a linear fashion, increasing from 13.5% for SES-1 to 23.4%
for SES-5 (p b 0.001). The binary logistic regressionmodel for the prob-
ability of LVH care (compared to HVH care) revealed a statistically sig-
nificant and independent inverse association between SES and the
probability of care at a LVH. Compared to the highest SES category,
SES-5 (referent), the odds of LVH care increased in a linear fashion
from 1.34 (95%CI = 1.17–1.52) for SES-4 to 1.90 (95%CI = 1.58–2.28)
for SES-1 (Table 3). Patients with Medicare (OR = 1.38, 95%CI =
1.22–1.57), Other insurance (OR = 1.30, 95%CI = 1.11–1.53), and
stage IV disease (OR = 1.32, 95%CI = 1.19–1.46) were significantly
more likely to receive care at a LVH. In contrast, Black race was associat-
ed with a statistically significant decreased likelihood of care at a LVH.

Access according to physician case volume

White patients had access to HVPs in 16.4% of cases, compared to
10.7% for Blacks, 11.8% for Hispanics, and 12.3% for Asian/Pacific Is-
landers (p b 0.001). Increasing SES was related to the frequency of
HVP care in a linear fashion, increasing from 12.2% for SES-1 to 20.0%
for SES-5 (p b 0.001). Multinomial logistic regression analysis of the
probability of LVP care revealed that Black patients (OR = 1.35,
95%CI = 1.01–1.81), Hispanics (OR = 1.37, 95%CI = 1.15–1.63), and
Asian/Pacific Islanders (OR = 1.43, 95%CI = 1.15–1.1.76) were at in-
creased risk for LVP care compared to Whites (Table 4). Similar to hos-
pital volume, SES was inversely related to the odds of LVP care.
Compared to the highest SES category, SES-5 (referent), the odds of



Table 2
Cox proportional hazards model for disease-specific survival.

Characteristic Hazard ratio 95%CIa

Ageb 1.03 1.02–1.03
Stage
IIIC 1.00
IV 1.51 1.44–1.58

Tumor grade
Grade I 1.00
Grade II 1.32 1.11–1.56
Grade III 1.44 1.23–1.70
Grade IV 1.50 1.26–1.79
Not specified 2.00 1.69–2.36

Histology
Serous 1.00
Mucinous 1.63 1.43–1.84
Endometrioid 0.92 0.82–1.03
Clear cell 1.46 1.27–1.69
Adenocarcinoma NOSc 1.47 1.38–1.57
Other 1.31 1.23–1.39

Tumor size
b5 cm 1.00
5–10 cm 0.97 0.89–1.06
N10 cm 0.90 0.82–0.99
Unknown 1.08 1.00–1.17

Hospital and physician volume
HVHd/HVPe 1.00
HVHd/LVPf 1.14 0.98–1.31
LVHg/HVPe 1.08 0.94–1.25
LVHg/LVPf 1.31 1.16–1.49
HVHd/Unknown physician volume 1.05 0.89–1.23
LVHg/Unknown physician volume 1.25 1.09–1.43

a Confidence interval.
b Continuous variable.
c NOS: not otherwise specified.
d HVH: high-volume hospital.
e HVP: high-volume physician.
f LVP: low-volume physician.
g LVH: low-volume hospital.

Table 3
Binary logistic regression model for the probability of low-volume hospital care
(compared to high-volume hospital care).

Characteristic ORa 95%CIb

Agec 1.01 1.00–1.01
Race
White 1.00
Hispanic 1.03 0.88–1.20
Asian/Pacific Islander 0.96 0.81–1.14
Black 0.59 0.48–0.73

Insurance
Privated 1.00
Medicare 1.38 1.22–1.57
Medicaid 1.14 0.95–1.38
Othere 1.30 1.11–1.53

Socioeconomic status (SES)
Lowest (SES-1) 1.90 1.58–2.28
Low-middle (SES-2) 1.71 1.47–1.99
Middle (SES-3) 1.48 1.29–1.70
High-middle (SES-4) 1.34 1.17–1.52
Highest (SES-5) 1.00

Stage
IIIC 1.00
IV 1.32 1.19–1.98

Tumor grade
Grade I 1.00
Grade II 1.48 1.11–1.98
Grade III 1.23 0.94–1.61
Grade IV 0.77 0.57–1.02
Not specified 1.37 1.03–1.82

Histology
Serous 1.00
Mucinous 1.24 0.94–1.63
Endometrioid 1.30 1.05–1.63
Clear cell 0.96 0.73–1.27
Adenocarcinoma NOSf 1.68 1.42–1.98
Other 1.18 1.04–1.34

Tumor size
b5 cm 1.00
5–10 cm 0.77 0.64–0.93
N10 cm 0.75 0.62–0.91
Unknown 0.81 0.69–0.96

a Odds ratio.
b Confidence interval.
c Continuous variable.
d Private insurance: managed care, HMO, PPO or other private insurance.
e Other insurance: military, county-funded, uninsured, and self pay.
f NOS: not otherwise specified.
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LVP carewas increased by 31% to 53% for patients with lower SES.Medi-
care payer status and stage IV diseasewere also independently associat-
ed with a higher likelihood of treatment by a LVP.

Access according to hospital/physician volume combinations

Access to HVH/HVP by race ranged from a high of 5.0% forWhites to
a low of 2.3% for Hispanics (p b 0.001). By payer status, access to HVH/
HVP was highest for patients with Private insurance (5.6%) and lowest
for those with Medicaid (1.5%, p b 0.001). SES was inversely related to
access to HVH/HVP in a linear fashion ranging from 2.1% for SES-1 to
7.1% for SES-5 (p b 0.001). The multinomial logistic regression model
for the probability of non-HVH/HVP care revealed that both Hispanic
race (OR = 1.72, 95%CI = 1.22–2.42) and Asian/Pacific Islander race
(OR = 1.57, 95%CI = 1.07–2.32) were associated with a higher likeli-
hood of care by the LVH/LVP combination (Table 5). Compared to pa-
tients with the highest SES (SES-5), those in lower SES strata were at
increased risk of being treated by LVH/LVP, with the highest risk being
for those with the lowest SES (SES-1, OR = 2.84, 95%CI = 1.90–4.23).
Patients with Medicaid and Other payer status were at a more than 2-
fold increased odds of receiving care by LVH/LVP, while stage IV disease
was associated with a 36% increased likelihood of LVH/LVP care.

Conclusions

Eliminating health disparities and improving the health of all socio-
demographic groups have become national priorities [15–17]. For
women with ovarian cancer, racial and ethnic minority populations,
the economically disadvantaged, and those with safety-net insurance
have worse survival outcomes and are more likely to receive less than
the standard of care [18,19]. For example, data from the National Center
for Health Statistics and the National Cancer Institute indicate that from
1975 to 2004, the 5-year survival rate for White women with ovarian
cancer increased from 37% to 45%, while the 5-year survival rate for
Black women actually decreased from 43% to 38% during the same
time period [20]. Disparities in access to advances in ovarian cancer
treatment are thought to account for much of the widening survival
gap along socio-demographic lines [21]. This type of health care dispar-
ity can be reframed as a fundamental issue of health care quality, such
that high-quality care should be accessible to all segments of the popu-
lation regardless of skin color, culture, or socioeconomic station.

The body of health services research on volume–outcome relation-
ships for cancer care convincingly indicates that the absolute benefit
from care at high-volume centers exceeds the benefit from break-
through treatments and merits efforts to concentrate the initial care
for all forms of cancer [22]. Disparities in access to high-volume health
care providers and hospitals have been described according to race, eth-
nicity, and socio-demographic characteristics for several types of cancer
(breast, colorectal, gastric, lung, pancreatic) as well as cardiovascular
disease and orthopedic conditions [23,24]. For ovarian cancer, a consis-
tent volume–outcome relationship has been well documented by mul-
tiple population-based and single-institution studies showing superior
treatment and survival outcomes associated with the surgical expertise
and multidisciplinary resources afforded by high-volume surgeons and



Table 4
Multinomial logistic regression analysis of the probability of low-volume physician care and probability of unknown physician volume (compared to high-volume physician care).

Characteristic Low-volume physician Unknown physician volume

ORa 95%CIb ORa 95%CIb

Agec 1.01 1.01–1.02 1.01 1.01–1.02
Race
White 1.00 1.00
Hispanic 1.37 1.15–1.63 1.33 1.10–1.62
Asian/Pacific Islander 1.43 1.15–1.76 1.53 1.21–1.93
Black 1.35 1.01–1.81 1.36 0.98–1.88

Insurance
Privated 1.00 1.00
Medicare 1.27 1.10–1.46 0.70 0.59–0.82
Medicaid 1.21 0.97–1.51 1.19 0.93–1.52
Othere 1.14 0.96–1.36 1.06 0.87–1.30

Socioeconomic status (SES)
Lowest (SES-1) 1.46 1.19–1.78 1.33 1.06–1.67
Low-middle (SES-2) 1.53 1.29–1.81 1.45 1.20–1.76
Middle (SES-3) 1.50 1.29–1.76 1.48 1.24–1.77
High-middle (SES-4) 1.31 1.13–1.51 1.28 1.08–1.51
Highest (SES-5) 1.00 1.00

Stage
IIIC 1.00 1.00
IV 1.24 1.10–1.40 1.32 1.16–1.51

Tumor grade
Grade I 1.00 1.00
Grade II 1.09 0.80–1.49 0.88 0.61–1.27
Grade III 0.97 0.72–1.31 0.95 0.67–1.35
Grade IV 0.81 0.59–1.12 0.79 0.55–1.16
Not specified 2.44 1.76–3.39 2.22 1.53–3.22

Histology
Serous 1.00 1.00
Mucinous 1.60 1.15–2.23 1.42 0.98–2.06
Endometrioid 1.07 0.86–1.32 0.78 0.60–1.02
Clear cell 1.02 0.74–1.41 0.97 0.67–1.40
Adenocarcinoma NOSf 2.30 1.86–2.84 2.18 1.73–2.74
Other 1.18 1.02–1.37 1.01 0.85–1.19

Tumor size
b5 cm 1.00 1.00
5–10 cm 0.80 0.66–0.97 0.76 0.61–0.94
N10 cm 0.79 0.65–0.95 0.75 0.59–0.94
Unknown 1.21 1.01–1.44 1.23 1.01–1.50

a Odds ratio.
b Confidence interval.
c Continuous variable.
d Private insurance: managed care, HMO, PPO or other private insurance.
e Other insurance: military, county-funded, uninsured, and self pay.
f NOS: not otherwise specified.
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high-volume hospitals [10–13,25–31]. Disparities in ovarian cancer sur-
vival associated with race and SES are, therefore, thought to be largely
due to unequal access to care and administration of non-standard treat-
ment regimens, although a genetic susceptibility and higher frequency
of modifiable risk factors cannot be excluded as causative factors [32].
In a review of the global literature, Chornokur et al. concluded that
unequal access to care is primarily a consequence of lower SES and
lack of private health insurance among minority populations [32]. In-
deed, single institution and cooperative group trial studies have
shown that when access to specialty providers at high-volume centers
is provided equally and all patients receive comparable treatment, racial
disparities in ovarian cancer survival are largely mitigated [33–35].

While the “unequal access” hypothesis is widely held, there is sur-
prisingly limited data on the extent to which race, SES, and payer status
independently contribute to inequalities in access to high-volume ovar-
ian cancer physicians and hospitals [13,18]. One of the few studies spe-
cifically examining access to high-volume ovarian cancer surgeons was
a retrospective cohort study of CCR data 1991–2002 reported by Aranda
et al. in 2008 [8]. This study encompassed 13,186 patientswith all stages
of disease but excluded over 50% of the original study population
(28,060 patients) because of unknown surgeon identifier or unknown
stage of disease and was only limited to patients that underwent initial
surgery. This study found that Black race, Hispanic race, Medicare insur-
ance, andMedicaid insurancewere associatedwith a lower likelihood of
being operated on by a HVS. Additional data fromMcGuire et al. suggest
that even within a large managed care organization there may be
nuanced differences in access to expert care according to race [36]. Im-
portantly, no previous studies on disparities in access to care have con-
ducted correlative survival analysis with treatment by high-volume
providers. To address these knowledge gaps, the current study aimed
to characterize the impact of hospital and physician ovarian cancer
case volume on survival for advanced-stage disease and concurrently
investigate socio-demographic variables associated with access to
high-volume providers.

Given the strong volume–outcome relationship for ovarian cancer,
the current findings that just 17.9% of ovarian cancer patients were
cared for at HVHs and that only 15.1% were treated by HVPs is discon-
certing but also underscores a considerable opportunity to improve sur-
vival outcomes through more effective concentration of services. To
both analyze predictors of access to high-volume care aswell as quanti-
fy the effect of various provider-setting combinations on ovarian
cancer-specific survival, the current study employed a novel cross-
tabulation of both hospital and physician volumes. After controlling
for other factors, the provider combination of HVP/HVH was associated



Table 5
Multinomial logistic regression model for the probability of non-high-volume hospital/high-volume physician care (HVH = high-volume hospital, LVH = low-volume hospital, HVP =
high-volume physician, LVP = low-volume physician).

Characteristic HVH/LVP LVH/HVP LVH/LVP HVH/Unknown LVH/Unknown

ORa 95%CIb ORa 95%CIb ORa 95%CIb ORa 95%CIb ORa 95%CIb

Agec 1.01 1.00–1.02 1.01 1.00–1.02 1.02 1.01–1.03 1.02 1.01–1.03 1.02 1.01–1.03
Race

White 1.00 1.00 1.00 1.00 1.00
Hispanic 1.63 1.11–2.39 1.33 0.92–1.94 1.72 1.22–2.42 2.03 1.35–3.07 1.57 1.10–2.25
Asian/Pacific Islander 1.75 1.14–2.69 1.19 0.77–1.83 1.57 1.07–2.32 1.94 1.21–3.11 1.66 1.11–2.49
Black 1.70 0.99–2.91 0.75 0.42–1.32 0.99 0.60–1.62 1.92 1.08–3.44 0.91 0.54–1.53

Insurance
Privated 1.00 1.00 1.00 1.00 1.00
Medicare 1.00 0.75–1.31 0.82 0.63–1.08 1.12 0.89–1.42 0.25 0.17–0.35 0.73 0.57–0.94
Medicaid 3.21 1.81–5.70 2.59 1.47–4.59 2.51 1.46–4.30 1.79 0.96–3.31 2.83 1.63–4.91
Othere 2.36 1.55–3.60 2.50 1.67–3.77 2.34 1.59–3.43 1.71 1.08–2.70 2.34 1.57–3.48

Socioeconomic status (SES)
Lowest (SES-1) 1.35 0.86–2.12 2.09 1.35–3.23 2.84 1.90–4.23 1.89 1.15–3.10 2.45 1.61–3.72
Low-middle (SES-2) 1.01 0.72–1.42 1.24 0.90–1.72 1.96 1.47–2.60 1.23 0.83–1.80 1.82 1.34–2.46
Middle (SES-3) 1.78 1.29–2.47 1.96 1.43–2.69 2.61 1.96–3.47 2.21 1.54–3.18 2.47 1.82–3.35
High-middle (SES-4) 1.31 1.16 0.88–1.54 1.24 0.95–1.63 1.60 1.26–2.03 1.27 0.92–1.75 1.55 1.20–2.00
Highest (SES-5) 1.00 1.00 1.00 1.00 1.00

Stage
IIIC 1.00 1.00 1.00 1.00 1.00
IV 1.01 0.79–1.28 1.06 0.84–1.34 1.36 1.10–1.67 1.05 0.80–1.37 1.48 1.19–1.84

Tumor grade
Grade I 1.00 1.00 1.00 1.00 1.00
Grade II 1.13 0.61–2.12 1.54 0.85–2.80 1.58 0.93–2.70 0.88 0.44–1.77 1.34 0.75–2.39
Grade III 0.93 0.52–1.66 1.23 0.71–2.14 1.16 0.71–1.91 0.96 0.51–1.81 1.16 0.68–1.98
Grade IV 0.88 0.48–1.61 0.71 0.40–1.28 0.60 0.36–1.01 0.58 0.29–1.16 0.66 0.37–1.16
Not specified 2.44 1.29–4.61 1.18 0.63–2.20 2.81 1.62–4.88 1.69 0.84–3.41 2.77 1.53–5.00

Histology
Serous 1.00 1.00 1.00 1.00 1.00
Mucinous 1.76 0.85–3.63 1.34 0.65–2.78 2.04 1.05–3.96 1.54 0.70–3.39 1.85 0.93–3.68
Endometrioid 1.21 0.74–1.96 1.44 0.92–2.25 1.45 0.96–2.20 0.85 0.48–1.52 1.10 0.70–1.72
Clear cell 1.68 0.88–3.21 1.40 0.73–2.67 1.22 0.67–2.20 0.92 0.42–2.03 1.35 0.72–2.51
Adenocarcinoma NOSf 1.61 1.04–2.50 1.10 0.70–1.73 2.61 1.76–3.87 1.48 0.92–2.37 2.59 1.73–3.89
Other 0.99 0.75–1.32 0.96 0.73–1.26 1.18 0.92–1.50 0.81 0.58–1.12 1.03 0.79–1.33

Tumor size
b5 cm 1.00 1.00 1.00 1.00 1.00
5–10 cm 0.72 0.49–1.07 0.72 0.50–1.03 0.61 0.44–0.85 0.74 0.46–1.20 0.56 0.40–0.81
N10 cm 0.99 0.66–1.50 1.00 0.68–1.47 0.74 0.52–1.06 1.10 0.67–1.81 0.68 0.47–0.99
Unknown 0.91 0.63–1.31 0.72 0.51–1.02 0.95 0.69–1.30 1.68 1.09–2.59 0.8 5 0.61–1.18

a Odds ratio.
b Confidence interval.
c Continuous variable.
d Private insurance: managed care, HMO, PPO or other private insurance.
e Other insurance: military, county-funded, uninsured, and self pay.
f NOS: not otherwise specified.
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with an independent and statistically significant 31% improvement in
ovarian cancer-specific survival compared to the LVP/LVH pairing. Un-
fortunately, access to this optimum high-volume provider combination
was extremely limited, with only 4.3% of patients receiving care from
HVH/HVP and 53.1% of patients being treated by LVH/LVP. Non-White
race was a consistent predictor of reduced access to HVPs both overall
and even when care was administered at a HVH. Paradoxically, Black
patients were significantly more likely to receive care at a HVH but
less likely to be treated by a HVP, a finding that has been noted in
other studies [13,18]. The reasons for this apparent contradiction are
unclear.

Previous investigators have shown that SES indicators such as edu-
cation level, employment status, and income are predictive of access
to subspecialty care by a gynecologic oncologist. In an early study of
CCR data (1994–1996) Chan and coworkers analyzed 1491 ovarian can-
cer patients and found that bivariate measures of neighborhood afflu-
ence and education level were associated with access to a gynecologic
oncologist [37]. Similarly, Mercado et al. reported combined data from
the CCR and statewide cancer registries from New York, Florida, and
Washington State on 31,897 patients with advanced-stage disease
between 1991 and 2004 and found that increasing poverty level pre-
dicted reduced access to a gynecologic oncologist [38]. Data specifically
examining access to high-volume care, however, is more limited. In the
study by Aranda et al., the only SES parameter investigatedwas the pro-
portion of the Census block living at b200% poverty level and this was
not predictive of access to a high-volume ovarian cancer surgeon [8].
In contrast, the current data show that decreasing composite index of
SES was highly correlated with reduced access to HVPs and HVHs as in-
dividual variables. Accordingly, the combined analysis cross-tabulating
volume-based access to both hospital and physicians revealed that,
compared to the highest SES group (SES-5), the lower four quintile
SES groups (SES-1 through SES-4) were all significant and independent
predictors of care by the LVP/LVH combination. The striking consistency
of the relationship between low SES and more limited access to high-
volume care suggests that the collective predictive value represented
by the composite Yost score may mitigate the volatility of individual
Census block-level measures.

Insurance status also emerged as an important determinant of
volume-based care. Patients with Medicare were less likely to have ac-
cess to both a HVH and a HVP. Interestingly, Medicaid insurance was
not associated with either HVP or HVH care individually but was a
strong and independent predictor of non-HVP/HVH care in the com-
bined analysis. Other insurance (military, county-funded, uninsured,
and self pay) was also a significant and independent predictor of non-
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HVP/HVH care. Aranda et al. found that bothMedicare andMedicaid in-
surancewere associatedwith statistically significantly reduced access to
a high-volume surgeon [8]. The type of health insurance can be consid-
ered both a health system factor and an individual-level measure of SES
and has been linked to expenditure on cancer treatment, reinforcing the
current finding that payer status appears to influence access to appro-
priate care [39].

The association between higher tumor grade and atypical histologi-
cal subtypes with an increased likelihood of low-volume provider care
is not readily explained by the variables available in this population-
based dataset. It is possible that these associations could be related to
extent of initial disease, and therefore linked to patient medical condi-
tion and performance status, both of which could affect the likelihood
of referral. Neither of these variables is captured by the CCR. It is also
possible that the differences in gynecologic pathology experience and
expertise exist between low- and high-volume hospitals, which could
have introduced a level of variation in the consistency of pathologic
diagnosis.

Strengths of the current study include the large study population
size, the proven reliability of the California Cancer Registry, and exami-
nation of a contemporary time period duringwhich nomajor treatment
paradigm shifts occurred. There are also several limitations thatmust be
considered when interpreting these data. First, this was a retrospective
study design using a population-based data set and is subject to the in-
herent potential for reporting and selection bias that accompanies such
methodology. Second, and perhaps most importantly, we were unable
to control for potentially important unreported variables that could in-
fluence both survival outcome as well as referral patterns. Such vari-
ables include the presence of medical comorbidities, the extent of
initial disease, and amount of residual tumor. A third potential limita-
tion is that we intentionally did not adjust for adherence or non-
adherence to NCCN treatment guidelines, as we have previously
shown a strong positive association between high provider volume
and adherence to standard of care practices [31]. Controlling for
treatment-related variables intrinsically associated with HVHs and
HVS, such as variation in surgical practices and chemotherapy use,
could potentially mask or mitigate a positive volume–outcome (surviv-
al) effect [40]. Fourth, wewere unable to examine the potential effect of
physician specialty, as the California Cancer Registry does not capture
this information routinely. Finally, as this was a retrospective observa-
tional study, wewere unable to account for the effects of patient prefer-
ence or ability/willingness to travel in selection of healthcare providers
and treatment delivery settings.

Despite these limitations, the current data offer several observations
that potentially account for disparities in ovarian cancer treatment and
survival according to race and socio-demographic characteristics. High
physician and hospital annual case volume are associated with im-
proved ovarian cancer survival, and access to high-volume care is unfor-
tunately limited. While race, payer status, and SES are associated with
access to high-volume care, SES appears to be the dominant or at least
the more consistent predictor. Additional research is needed to further
define the underlying reasons for disparities in access to expert care, ad-
just for variation due to differences inmedical comorbidities and perfor-
mance status, and identify opportunities to improve access to high-
volumeproviders for all womenbut specifically racial/ethnicminorities,
women of low SES, those with safety-net insurance, and the uninsured.
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