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Abstract

Objective—To determine the impact of geographic location on advanced-stage ovarian cancer
mortality in relation to adherence to National Comprehensive Cancer Network (NCCN) treatment
guidelines and hospital case volume.

Study Design—Retrospective observational cohort study of patients diagnosed with stage
IIIC/1V epithelial ovarian cancer (1/1/96-12/31/06) identified from the California Cancer Registry.
Generalized additive models were created to assess the effect of spatial distributions of geographic
location, demographic characteristics, disease-related variables, adherence to NCCN guidelines,
and hospital case volume, with simultaneous smoothing of geographic location and adjustment for
confounding variables.

Results—A total of 11,765 patients were identified. Twelve of the 378 hospitals (3.2%) were
high-volume hospitals (=20 cases/year, HVH) and cared for 2,112 patients (17.9%). For all
patients, the median distance to a HVH was 22.7km/14.1mi and 80% were located within 79.6km/
49.5mi of a HVH. Overall, 45.4% of patients were treated according to NCCN guidelines. The
global test for location revealed that geographic position within the state was significantly
correlated with ovarian cancer mortality after adjusting for other variables (p<0.001). Distance to
receive care =32km/20mi was protective against mortality (HR=0.86, 95%CI=0.79-0.93), while
distance from a HVH =80km/50mi was associated with an increased risk of death (HR=1.13,
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95%CI1=1.03-1.23). The effects of geographic predictors were attenuated when non-adherence to
NCCN guidelines (HR=1.25, 95%CI=1.18-1.32) and care at a HVH (HR=0.87, 95%CI1=0.81-
0.93) were introduced into the model.

Conclusions—Geographic location is a significant predictor of advanced-stage ovarian cancer
mortality and the effect is primarily related to the likelihood of receiving NCCN guideline
adherent care and treatment at a HVH.
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INTRODUCTION

In the United States (U.S.), there are 22,000 new cases of ovarian cancer diagnosed and over
14,000 disease-related deaths annually, which accounts for more deaths than all other
gynecologic cancers combined [1]. Survival determinants are multi-factorial; however,
health care delivery system characteristics have emerged as important predictors of ovarian
cancer-related mortality. Adherence to National Comprehensive Cancer Network (NCCN)
treatment guidelines for ovarian cancer has recently been validated as correlating with
improved disease-specific and overall survival, with the demonstrable survival benefit being
proportionally greater for women with advanced-stage disease [2-4]. In addition, average
annual hospital ovarian cancer case volume has been correlated with improved outcomes [5—
9]. Specifically, hospitals treating =20 cases/year, or high-volume hospitals (HVHSs), are
more likely to administer standard recommended treatment but are also associated with an
independent survival benefit over and above adherence to treatment guidelines [3, 9].

The contribution of geographic location to differences in access to health care, resource
utilization, and cancer survival is becoming increasingly relevant [10]. Recently, our group
examined the impact of geographic location on adherence to NCCN treatment guidelines
among patients with advanced-stage ovarian cancer and found that increasing distance from
a HVH was an independent predictor of receiving non-guideline treatment, while increasing
patient travel distance to receive care was protective [11]. While both adherence to NCCN
treatment guidelines and care at a HVH have been previously correlated with improved
ovarian cancer survival, the interaction between these survival determinants and geographic
location has not been examined [2-5]. The objective of the current study, therefore, was to
expand upon our initial work to determine the impact of geographic location on advanced-
stage ovarian cancer mortality in relation to adherence treatment guidelines and average
annual case volume of the hospital where care was received.

METHODS
Study Design

The study design was a retrospective population-based analysis of the effect of geographic
variation on advanced-stage invasive epithelial ovarian cancer mortality for cases reported to
the California Cancer Registry using generalized additive models (GAMSs), with
simultaneous smoothing of location and adjustment for known confounders [12, 13]. The
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study received exempt status by the Institutional Review Board of the University of
California, Irvine (HS#2011-8317). Registry case reporting is estimated to be 99% for the
entire state of California, with follow-up completion rates exceeding 95% [14]. International
Classification of Disease Codes for Oncology based on World Health Organization’s criteria
was used for tumor location and histology. Cases were identified using ovarian Surveillance,
Epidemiology, and End Results (SEER) primary site code (C569).

Sample Population

The initial study population included women who were age =18 years at diagnosis of a first
or only invasive epithelial ovarian cancer. A total of 21,044 incident cases were identified
during the time period 1/1/96-12/31/06. We sequentially excluded: 101 borderline tumors,
165 of non-epithelial histology, 246 cases that had missing ICD-O-2 morphology code, 742
cases prepared from autopsy or death certificate only, 1,415 with incomplete clinical
information, 78 with incomplete hospital information or location outside of California, and
98 with missing census tract information. In all, 2,845 cases were excluded. Among the
remaining 18,199 cases of all stages, 11,765 patients diagnosed with International
Federation of Gynecology and Obstetrics (FIGO) stage I1IC/1V disease were selected as the
study population and represents a subset of a prior analyses investigating predictors of
access to high-volume providers and the impact of geographic location on adherence to
treatment guidelines [5, 11].

Statistical Analysis

The primary analysis was the effect of geographic variation on disease-specific mortality for
stage IC/1V epithelial ovarian cancer. We examined geographic variation of ovarian cancer
mortality by smoothing location while controlling for known individual-level risk factors
using a generalized additive model (GAM) framework [13, 14]. The GAM estimates the
effect of location on the log-hazard function for mortality throughout California by applying
a bivariate smooth of the latitude and longitude of each subject’s location, represented by the
centroid of the address census block.

The first model, GAM-1, included age at diagnosis as a continuous variable, tumor
characteristics (FIGO stage, grade, histology and tumor size), insurance type, race, and SES.
Insurance type was grouped into 6 categories: Managed Care (managed care, HMO, PPO,
other private insurance), Medicare, Medicaid, Other Insurance (military, county-funded),
Not Insured (self-pay), and Unknown. 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) [14]. The Yost score is an index of SES level based on a principal
components analysis of variables at the census block group-level and includes education,
household income, proportion below 200% poverty level, house value, rent, percent
employed, and percent with blue-collar employment [15]. In addition, we included variables
for distance between patients and the hospital where they sought treatment as well as
distance to the closest HVH. Hospital volume was calculated based on the average annual
number of all ovarian cancer cases (stages I-1V) that were admitted to that hospital.
Hospitals with =20 cases per year were classified as HVH, while hospitals treating <20 cases
per year were considered low-volume (LVH) [6-9]. Distances were calculated using

Am J Obstet Gynecol. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bristow et al.

RESULTS

Page 4

ArcMap (version 10.0, ESRI; Redlands, CA) and categorized by quintiles: distance to care
(<5km/3mi; 5-9km/3-5mi; 10-16km/6-9mi; 17-31km/10-19mi; =32km/20mi) and distance
to closest HVH (<9km/5mi; 9-17km/5-10mi; 18-33km/11-20mi; 34—79km/21-
49mi;=80km/50mi).

The second model, GAM-2, was identical to GAM-1 but introduced additional variables for
whether the hospital where treatment was received was a HVH or a LVH and whether that
treatment was adherent or non-adherent to NCCN guidelines for advanced-stage ovarian
cancer. Adherence to guidelines was based on recommendations for surgery and
chemotherapy according to the time period of diagnosis [16-20]. A minimum of
oophorectomy (with or without hysterectomy) and omentectomy was considered adherent
surgical care, and either initial surgery or chemotherapy was characterized as appropriate.
Administration of multi-agent chemotherapy was characterized as adherent care.
Dichotomous variables, adherence or non-adherence, were created for the overall treatment
program.

We used a locally weighted regression smoother (loess) for the effect of location in the Cox
model [21]. GAM estimation for the bivariate smoother corresponding to location was
carried out via backfitting on the linear predictor from the Cox model, using a smoothed
estimate of the Fisher information matrix. The number of data points used for smoothing
was determined by minimizing Akaike’s Information Criterion (AIC). We generated an
evenly-spaced grid of prediction points approximately 5km apart that extended across the
latitude and longitude coordinates of participants’ locations throughout California, resulting
in in a grid of over 7,500 points. We did not predict for areas with sparse population data
[22]. At each point on the grid we calculated the log hazard multiplier and hazard ratio using
the average log hazard for the study area as the reference. Without the bivariate smooth term
for location, the model reduces to a standard Cox proportional hazards regression model.

GAMs also provide a useful framework for hypothesis testing [23]. We implemented a
permutation test of the null hypothesis that ovarian cancer survival does not depend on the
geographic location of participants, adjusting for other risk factors. Residential locations
were permuted 999 times while preserving participants’ outcome status and covariates. For
each permutation, the Cox model, including a smoothed effect of location, was refit and a
global deviance statistic was computed by taking the difference of the deviances of the Cox
model with and without the location term. Spatial analyses were conducted in the R Package
(version 2.12.02; Vienna Austria) using the MapGAM package.

Population Characteristics

The median age at diagnosis for the 11,765 subjects was 65.0 years (mean=63.8 years,
range=18-104 years), and 7,216 patients (61.3%) had stage I11C disease (Table 1). Overall,
5,343 patients (45.4%) were treated according to NCCN guidelines (Figure 1). A total of
378 hospitals provided care to the study population (Figure 2). Of these, 12 hospitals (3.2%)
were HVHSs (2,112 patients, 17.9% of cases), while 366 hospitals were LVVHSs (9,653
patients, 82.0% of cases). For patients receiving care at a HVH, the median driving distance
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was 20.4km/12.7mi, with 80% of patients driving a distance of <56.2km/34.9mi. For
patients treated at a LVH, the median driving distance was 11.4km/7.1mi, and 80% of
patients travelled <28.3km/17.6i to receive care. For all patients, the median Euclidean
distance to a HVH was 22.7km/14.1mi, with 80% of patients living within 79.6km/49.5mi
of a HVH.

Spatial Analysis of Advanced-Stage Ovarian Cancer Mortality

In GAM-1, the initial iteration of the spatial analysis reflects the effect of geographic
location on ovarian cancer mortality without adjusting for the effects of other variables and
shows the hazard ratio at each location using the average log hazard for the entire state as
the reference (Figure 3A: map hazard ratio [HR] range=0.73-1.25, p<0.001). The impact of
geographic distribution on ovarian cancer mortality was affected as additional variables
were introduced into the model in a stepwise fashion: age at diagnosis, tumor stage, tumor
histology, and tumor grade (Figure 3B: map HR range=0.81-1.23, p<0.001); race/ethnicity
(Figure 3C: map HR range=0.80-1.30, p<0.001); insurance status (Figure 3D: map HR
range=0.80-1.34, p<0.001); socioeconomic status (Figure 3E: map HR range=0.86-1.44,
p<0.001); distance to receive care (Figure 3F: map HR range=0.85-1.48, p<0.001), and
distance to the closest HVH (Figure 3G: map HR range=0.85-1.48, p<0.001). The global
test for location was highly significant for all analyses (p<0.001), indicating that ovarian
cancer mortality was significantly associated with the geographic location of subjects. In
GAM-1, after controlling for disease-related characteristics, the model showed that distance
to receive care 17-31km/10-19mi (HR=0.87, 95%CI1=0.81-0.94) and =32km/20mi
(HR=0.86, 95%CI1=0.79-0.93) were significantly protective against ovarian cancer
mortality, while distance from a HVH =80km/50mi was associated with an increased risk of
death (HR=1.13, 95%CI=1.03-1.23) (Table 2).

In the final iteration of the model, GAM-2, variables for the annual ovarian cancer case
volume of the treating hospital and treatment adherence/non-adherence to NCCN guidelines
were introduced (Figure 3H: map HR range=0.80-1.40, p<0.001, supplemental material
Figure 3-video). Treatment at a HVH was significantly protective against ovarian cancer
mortality (HR=0.87, 95%CI1=0.81-0.93), while treatment non-adherence to NCCN
guidelines was an independent risk factor for an increased risk of death (HR=1.25,
95%CI1=1.18-1.32) (Table 2). In the final model, distance to care and proximity to a HVH
were no longer significantly associated with ovarian cancer mortality after adjusting for
treating hospital volume and treatment adherence to NCCN guidelines. Among demographic
characteristics, Black race (HR=1.18, 95%CI=1.11-1.35) was negatively associated with
ovarian cancer mortality. There was also a statistically significant and independent inverse
linear relationship between SES and ovarian cancer mortality after adjusting for other
variables, ranging from a HR=1.00 for SES-5 (highest SES and referent group) to a
HR=1.23 for SES-1 (lowest SES) (Table 2). Increasing age, stage IV disease, and atypical
tumor histology were also significantly associated with ovarian cancer mortality.

COMMENT

Regional differences in health services for ovarian cancer have been described for both
surgery and chemotherapy [11, 24-26]. While reducing regional variation in the quality of
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care has been proposed as a mechanism to improve ovarian cancer outcomes, there is very
limited data examining the relationship between geographic location and survival [27, 28].
In Canada, Dehaeck et al. reported a population-based study of 854 ovarian cancer patients
within five health authority regions in the province of British Columbia demonstrating
geographic variation in practice patterns in the context of a single-payer, publicly funded
health care system [29]. Significant differences were observed across provincial regions for
access to a gynecologic oncologist, the rate of optimal debulking, and administration of
combination chemotherapy. There was no significant effect for geography (health authority
region) on survival, however, after adjusting for treatment-related factors. In Spain, Lope
and coworkers examined the spatial distribution of ovarian cancer mortality across
municipalities, but this study was focused on environmental and occupational exposures
rather than treatment differences [30]. In the U.S., Fairfield and coworkers studied 4,589
patients from the SEER database (1998-2002) and found that hospital referral region,
defined as a health care market for specialized consultative care, was significantly associated
with all-cause mortality; however, after adjusting for cancer-directed surgery, that
correlation was no longer significant [28].

The current study improves upon the work of previous investigators and advances the
existing knowledge base in several respects. In contrast to earlier work that employed
relatively broad measures of geography (e.g. health authority region, hospital referral
region), the current analysis utilized the centroid of the address census block as a more
precise approximation of patient location in GAM analyses to estimate ovarian cancer
mortality throughout California based on a grid of over 7,500 geographic prediction points.
In this framework, the global test for location was statistically significant in all iterations of
the GAM, indicating that geographic location is indeed an important predictor of advanced-
stage ovarian cancer mortality. The current study also utilized a composite ovarian cancer
quality of care process measure that has been previously validated as correlating with
survival, adherence to NCCN treatment guidelines, rather than individual treatment
components [2-4]. Notably, the geographic variables associated with either proximity to
expert care (distance =80km/50mi from a HVH) and an ability/willingness to travel longer
distances for treatment (distance to receive care =32km/20mi), were independent and
statistically significant predictors of ovarian cancer mortality in GAM-1. However, after
adjusting for treatment adherence/non-adherence to NCCN guidelines and hospital ovarian
cancer case volume in GAM-2, these geographic factors were no longer significantly
associated with the risk of death. Although the focus of this work was not socio-
demographic disparities in ovarian cancer survival, the current data confirm the findings of
previous investigators that Black race and low SES are associated with an increased risk of
disease-related death after adjusting for geographic location, disease-related characteristics,
hospital case volume, and treatment guideline adherence [2, 9, 31-35]. In our prior work
examining the effect of geographic location of treatment guideline adherence using a similar
study population, low SES was associated with an increased risk of residing =80km/50mi
from a HVH, while racial/ethnic minorities were less likely to travel =32km/20mi to receive
care compared to Whites [11]. Whether additional, unexamined geographic barriers to care
contribute to the observed survival disparities is unknown [11, 24, 26, 28].
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Strengths of the current study include the proven reliability of the California Cancer
Registry, the large study population size, and examination of a time period during which no
major treatment paradigm shifts occurred. There are also several limitations that must be
considered. First, the retrospective study design and population-based data set are
accompanied by an inherent potential for reporting and selection bias. Second, important
variables, such as the presence of medical comorbidities, the extent of initial disease, and the
amount of residual disease, are not captured by the CCR. As a result, we were unable to
control for these potentially confounding variables that could influence ovarian cancer
mortality. A third potential limitation is that the current dataset utilized de-identified patient
data, such that the census block of residence for each subject was used rather than the exact
latitude and longitude of patient residence. It is possible that the results could be affected by
more precise reference points for geographic location, although it is not possible to predict
in which direction the observed associations might migrate. A fourth potential limitation is
that demographic composition of California is relatively unique, where racial minorities now
comprise a majority of the state population [36, 37]. As a result, the generalizability of our
results to the broader U.S. population cannot be determined.

Despite these limitations, two salient conclusions can be drawn from the current study that
are relevant to patients as well as health care administrators and policy makers. First, the
observed data indicate that geographic location, as a stand-alone variable, is a significant
predictor of advanced-stage ovarian cancer mortality. Second, and perhaps more
importantly, the identified geographic variables associated with ovarian cancer death,
distance to receive care and proximity to a HVH, were largely irrelevant after adjusting for
adherence to NCCN guideline care and treatment at a HVH. These data clearly suggest that
access to appropriate treatment is the dominant factor predicting ovarian cancer mortality
and that additional efforts are needed to ensure that all women with ovarian cancer are
afforded the same standard of care, regardless of where they reside.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
(A) Geographic distribution of 11,765 cases of stage I1IC/IV epithelial ovarian cancer

stratified by adherence and non-adherence to NCCN treatment guidelines for advanced-
stage ovarian cancer.

Am J Obstet Gynecol. Author manuscript; available in PMC 2015 July 01.



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Bristow et al.

Hospitals
¢  High

¢  Low

Figure 2.
Geographic distribution of hospitals stratified by high-volume (n=12) and low-volume

(n=366) hospital.
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Figure3.
Effect of geographic location on risk of ovarian cancer mortality among patients with stage

IIC/IV disease (n=11,765): Figure 3A: the initial iteration of the spatial analysis shows the
hazard ratio using the average log hazard for the study area as the reference without
adjusting for the effects of other variables (Figure 3A); adjusted for stage at diagnosis, tumor
stage, tumor histology, and tumor grade (Figure 3B); with additional adjustment for race/
ethnicity (Figure 3C), insurance status (Figure 3D), socioeconomic status (Figure 3E),
distance to receive care (Figure 3F), distance to the closest HVH (Figure 3G), and annual
hospital ovarian cancer case volume and treatment adherence/non-adherence to NCCN
guidelines (Figure 3H).
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Study population characteristics.

Characteristic N Per cent
Total 11,765 100.0
Ageat diagnosis
<45 years 1,035 8.8
45-54 years 2,062 17.5
55-69 years 4,179 355
>70 years 4,489 38.2
Race/ethnicity
White 8,432 1.7
Black 556 4.7
Asian/Pacific Islander 1,803 15.3
Hispanic 974 8.3
Insurance
Managed care 5,272 44.8
Medicare 3,798 32.3
Medicaid 941 8.0
Other insurance 1,109 9.4
Not insured 318 2.7
Unknown 327 2.8
Socioeconomic status
Lowest (SES-1) 1,528 13.0
Low-middle (SES-2) 2,137 18.2
Middle (SES-3) 2,481 21.1
High-middle (SES-4) 2,751 234
Highest (SES-5) 2,868 24.4
Tumor stage
Stage I11C 7,216 61.3
Stage IV 4,549 38.7
Tumor grade
Grade 1 344 2.9
Grade 2 1,562 13.3
Grade 3 4,992 424
Grade 4 1,239 10.5
Unknown 3,628 30.9
Tumor histology
Serous 5,740 48.8
Mucinous 415 35
Endometrioid 638 5.4
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Characteristic N Per cent
Clear cell 321 2.7
Adenocarcinoma, NOS 1,969 16.7

Tumor size
<5cm 1,274 10.8
5-10cm 2,114 18.0
>10cm 2,000 17.0
Unknown 6,377 54.2

Hospital volume
High-volume 2,112 18.0
Low-volume 9,653 82.0

NCCN treatment guideline adherence
Adherent 5,342 454
Non-adherent 6,423 54.6

NOS: not otherwise specified; NCCN: National Comprehensive Cancer Network
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Table 2

Page 15

Generalized additive models (GAM) of the effect of geographic location on ovarian cancer mortality; GAM-1

unadjusted for adherence to NCCN guidelines and treating hospital ovarian cancer case volume; GAM-2
adjusted for adherence to NCCN guidelines and treating hospital ovarian cancer case volume.

GAM-1 GAM-2

Characteristic HR 95%Cl HR 95%Cl
Age at diagnosis 1.02 | 1.02-1.03 | 1.02 | 1.02-1.03
Race/ethnicity

White 1.00 1.00

Black 1.20 | 1.06-1.36 | 1.18 | 1.04-1.34

Asian/Pacific Islander 0.93 | 0.85-1.02 | 0.93 | 0.85-1.01

Hispanic 0.92 | 0.86-0.99 | 0.92 | 0.85-1.01
Socioeconomic status

Lowest (SES-1) 125 | 1.14-1.38 | 1.23 | 1.11-1.35

Low-middle (SES-2) 1.19 | 1.10-1.30 | 1.18 | 1.08-1.28

Middle (SES-3) 1.16 | 1.07-1.25 | 1.13 | 1.05-1.22

High-middle (SES-4) 1.09 | 1.02-1.17 | 1.08 | 1.00-1.16

Highest (SES-5) 1.00 1.00
Insurance status

Managed care 1.00 1.00

Medicare 1.00 | 0.94-1.07 | 0.99 | 0.93-1.06

Medicaid 1.05 | 0.95-1.15 | 1.05 | 0.95-1.14

Other 0.96 | 0.88-1.19 | 0.94 | 0.86-1.02

Uninsured 1.03 | 0.89-1.19 | 1.05 | 0.91-1.22

Unknown 1.06 | 0.91-1.24 | 1.07 | 0.91-1.25
Tumor stage

Stage I11C 1.00 1.00

Stage IV 154 | 1.46-1.62 | 1.52 1.44
Tumor grade

Grade 1 0.61 | 0.53-0.69 | 0.59 | 0.52-0.67

Grade 2 0.91 | 0.84-0.98 | 0.89 | 0.82-0.96

Grade 3 1.00 1.00

Grade 4 1.04 | 0.95-1.12 | 1.05 | 0.96-1.14

Unknown 1.33 | 1.25-1.42 | 1.28 | 1.20-1.37
Tumor histology

Serous 1.00 1.00

Mucinous 158 | 1.38-1.82 | 1.53 | 1.33-1.76

Endometrioid 0.89 | 0.80-0.98 | 0.87 | 0.79-0.97

Clear cell 1.42 | 1.22-1.65 | 1.42 | 1.21-1.66

Adenocarcinoma, NOS 151 | 1.39-1.63 | 1.44 | 1.33-1.56
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GAM-1 GAM-2

Characteristic HR 95%Cl HR 95%Cl
Distanceto care

<5km/3mi 1.00 1.00

5-9km/3-5mi 0.91 | 0.84-0.98 | 0.91 | 0.84-0.98

10-16km/6-9mi 0.94 | 0.87-1.02 | 0.95 | 0.88-1.03

17-31km/10-19mi 0.87 | 0.81-0.94 | 0.89 | 0.82-0.97

232km/20mi 0.86 | 0.79-0.93 | 0.92 | 0.84-1.00
DistancetoaHVH

<9km/5mi 1.00 1.00

9-17km/5-10mi 1.02 | 0.94-1.10 | 0.98 | 0.91-1.06

18-33km/11-20mi 1.07 | 0.99-1.16 | 1.02 | 0.94-1.03

34-79km/21-49mi 1.00 | 0.92-1.08 | 0.94 | 0.86-1.02

280km/50mi 1.13 | 1.03-1.23 | 1.03 | 0.94-1.14
Adherenceto NCCN guidelines

Adherent - 1.00

Non-adherent - B 1.25 | 1.18-1.32
Treating hospital volume

LVH . 1.00

HVH - - 0.87 | 0.81-0.93

HR: hazard ratio; Cl: confidence interval; NOS: not otherwise specified; NCCN: National Comprehensive Cancer Network; LVH: low-volume

hospital; HVH: high-volume hospital
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