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Abstract

BACKGROUND—The regional impact of care at a National Cancer Institute Comprehensive
Cancer Center (NCI-CCC) on adherence to National Comprehensive Cancer Network (NCCN)
ovarian cancer treatment guidelines and survival is unclear.

STUDY DESIGN—We performed a retrospective population-based study of consecutive patients
diagnosed with epithelial ovarian cancer between January 1, 1996 and December 31, 2006 in
southern California. Patients were stratified according to care at an NCI-CCC (n = 5), non-NCI
high-volume hospital (=10 cases/year, HVH, n = 29), or low-volume hospital (<10 cases/year,
LVH, n = 158). Multivariable logistic regression and Cox-proportional hazards models were used
to examine the effect of NCI-CCC status on treatment guideline adherence and ovarian cancer-
specific survival.

RESULTS—A total of 9,933 patients were identified (stage I, 22.8%; stage |1, 7.9%; stage IlI,
45.1%; stage 1V, 24.2%), and 8.1% of patients were treated at NCI-CCCs. Overall, 35.7% of
patients received NCCN guideline adherent care, and NCI-CCC status (odds ratio [OR] 1.00) was
an independent predictor of adherence to treatment guidelines compared with HVHs (OR 0.83,
95% CI 0.70 to 0.99) and LVHs (OR 0.56, 95% CI 0.47 to 0.67). The median ovarian cancer-
specific survivals according to hospital type were: NCI-CCC 77.9 (95% ClI 61.4 to 92.9) months,
HVH 51.9 (95% CI 49.2 to 55.7) months, and LVH 43.4 (95% CI 39.9 to 47.2) months (p <
0.0001). National Cancer Institute Comprehensive Cancer Center status (hazard ratio [HR] 1.00)
was a statistically significant and independent predictor of improved survival compared with HVH
(HR 1.18, 95% CI 1.04 to 1.33) and LVH (HR 1.30, 95% CI 1.15 to 1.47).
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CONCLUSIONS—National Cancer Institute Comprehensive Cancer Center status is an
independent predictor of adherence to ovarian cancer treatment guidelines and improved ovarian
cancer-specific survival. These data validate NCI-CCC status as a structural health care
characteristic correlated with superior ovarian cancer quality measure performance. Increased
access to NCI-CCCs through regional concentration of care may be a mechanism to improve
clinical outcomes.

In the United States (US), there are 22,000 new cases of ovarian cancer diagnosed and more
than 14,000 disease-related deaths annually.: Ovarian cancer is the fifth leading cause of
cancer-related death among US women and accounts for more deaths than all other
gynecologic cancers combined. Adherence to National Comprehensive Cancer Network
(NCCN) treatment guidelines for ovarian cancer, a comprehensive measure of overall care,
has recently been validated as correlating with improved disease-specific and overall
survival, and has emerged as a relevant process measure of quality cancer care.2=4 For
ovarian cancer, optimizing survival outcomes hinges on access to specialized providers that
are most likely to administer effective and evidence-based treatment programs.>=19 To date,
one of the most reliable health care system characteristics correlated with adherence to
NCCN ovarian cancer treatment guidelines has been hospital annual case volume.5-9 As a
structural measure of quality cancer care, however, annual case volume has been criticized
as being imprecise and not reflective of more subtle aspects of ovarian cancer care,11-13

National Cancer Institute-designated cancer centers are characterized by scientific
excellence and the capability to integrate a diversity of research approaches to focus on the
problem of cancer. There are 41 NCI-designated Comprehensive Cancer Centers (NCI-
CCQC) in the US.1* Generally, the designation criteria are focused on research infrastructure
and programs; however, the regional effect on clinical outcomes of cancer patients has not
been well defined. The objective of this study was to examine this question with respect to
ovarian cancer and determine the impact of care at NCI-CCC hospitals in southern
California on adherence to NCCN treatment guidelines and disease-specific survival.

METHODS

The study design is a retrospective population-based study of invasive epithelial ovarian
cancer reported to the California Cancer Registry (CCR); it received exempt status by the
Institutional Review Board of the University of California, Irvine (HS#2011-8317).
Standardized data collection and quality control procedures have been in place since
1988.15-18 Case reporting is estimated to be 99% for the entire state, with follow-up
completion rates exceeding 95%.19 International Classification of Disease Codes for
Oncology based on the World Health Organization’s criteria was used for tumor location and
histology.1® Cases were identified using ovarian Surveillance, Epidemiology, and End
Results (SEER) primary site code (C569).

This study represents a subset analysis of previously reported statewide data.3” Case
selection criteria included all women age 18 years or older at the time of diagnosis of a first
or only invasive epithelial ovarian cancer in Los Angeles, Orange, Riverside, San Bernardino
and San Diego counties between January 1, 1996 and December 31, 2006. Follow-up
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extended through January 2008. For the purposes of this study, hospitals in southern
California were characterized according to whether or not they maintained NCI-CCC status
during the study time period and then were sorted by average annual ovarian cancer case
volume comparable to NCI-CCC hospitals (=10 cases/year or <10 cases/year). Using these
criteria, hospital type was divided into 3 categories: NCI-CCC, non-NCI-CCC high-volume
hospital (=10 cases/year, HVH), and non-NCI-CCC low-volume hospital (<10 cases/year,
LVH). Age at diagnosis was treated either as a continuous variable or a categorical variable
(<45 years, 45 to 54 years, 55 to 69 years, and =70 years). Tumor characteristics included
International Federation of Gynecology and Obstetrics (FIGO) and American Joint
Commission on Cancer (AJCC) stage, tumor grade, and histology. Patient demographic
characteristics included race/ethnicity and insurance type. Socioeconomic status (SES) was
measured as quintiles of the Yost score: lowest (SES-1), lower-middle (SES-2), middle
(SES-3), higher-middle (SES-4), and highest (SES-5). The Yost score is an index of SES
level based on a principal components analysis of variables at the census block level and
includes education, income, and employment.2? The California Cancer Registry does not
capture data on medical comorbidities.

The main outcomes of this study were adherence to NCCN ovarian cancer treatment
guidelines and ovarian cancer-specific survival. Adherence to treatment guidelines was
based on NCCN recommendations for surgery and chemotherapy according to the time
period of diagnosis (1997 to 2005).21-25 For stages | to I11B, surgical treatment was
considered adherent to NCCN guidelines if it included a minimum of oophorectomy (z
hysterectomy), pelvic and/or para-aortic lymph node biopsy, and omentectomy. A minimum
of oophorectomy (+ hysterectomy) and omentectomy was considered adherent surgical care
for stages I11C to IV disease. For cases of stages IA to IB, grade 1 to 2 disease, no adjuvant
treatment was considered guideline adherent. Administration of multiagent chemotherapy
was considered appropriate for cases of stages IC to IV or grade 3 disease. Surgery must
have preceded chemotherapy for stages | to 1B to be considered adherent to NCCN
guidelines; for stages I11C to IV, either initial surgery or chemotherapy was characterized as
appropriate care. Dichotomous variables (adherence/nonadherence) were created for
adherence to surgical guidelines, adherence to chemotherapy guidelines, and adherence to
overall treatment plan including surgery, chemotherapy, and treatment sequence. For
analysis of adherence or nonadherence of the overall treatment plan, cases of discordance
between hospitals (eg, NCI-CCC/HVH for surgery and LVH for chemotherapy) were
assigned as NCI-CCC/HVH if either hospital type contributed a component to the treatment
course. Cause of death was recorded according to International Classification of Disease
criteria in effect at the time of death.26 The last date of follow-up was either the date of
death or the last date of contact. Ovarian cancer-specific mortality was defined as death
caused by ovarian cancer. Patients who died from other causes were treated as censored at
the time of the event.

Descriptive statistics were analyzed with chi-square test for categorical variables.
Multivariate logistic regression analysis was performed to estimate the probability of
adherence to NCCN guidelines. Survival analysis was performed using the Kaplan-Meier
estimate of survival probability and log rank tests. After verifying the proportionality
assumption, a Cox proportional hazards model was fitted to evaluate the independent effect
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on survival of each predictor. Possible interaction terms of main effects were tested.
Adjusted hazard ratios and 95% confidence intervals were generated. For multivariate
logistic regression analysis and the Cox proportional hazards model, age was treated as a
continuous variable. All statistical analysis was performed on SAS 9.2.

Patient population characteristics

A total of 10,630 incident cases were identified. Cases with incomplete clinical information,
nonepithelial histologic subtypes, missing ICD-O-2 morphology code, or cases that were
identified from autopsy or death certificate were excluded (n = 697). The remaining 9,933
patients comprised the final study population. The median age at diagnosis was 61 years
(range 18 to 99 years). Patient and health care system characteristics are shown in Table 1. A
total of 192 hospitals provided care for ovarian cancer. Five NCI-CCC hospitals treated 800
patients (8.1% of cases), with an average annual case volume of 14.5 cases/year. Twenty-
nine HVHs treated 4,654 patients (46.9% of cases) and had an average annual case volume
of 14.6 cases/year. The remaining 4,479 patients (45.1% of cases) were treated by the 158
LVHs, with an average annual case volume of 2.6 cases/year.

Stratification of the population demographic characteristics according to hospital type
revealed that patients treated at NCI-CCC hospitals tended to be younger, have tumors of
serous histology, and have a tumor size >10 cm (Table 1). White patients represented 52.4%
of cases treated at NCI-CCC, compared with 70.8% and 62.8% of cases treated at HVHs and
LVHs, respectively. Conversely, Hispanic and Asian/Pacific Islander women accounted for a
larger proportion of patients treated at NCI-CCCs. Patients with managed care insurance
were more commonly treated at HVHs (53.4% of cases) and LVHs (46.0% of cases) than
NCI-CCCs (25.5% of cases). The opposite pattern was observed for patients with Medicaid
or no insurance, who were more likely to receive care at NCI-CCCs. Access to each hospital
type varied significantly according to SES. For HVHSs, there was a positive linear association
between increasing SES and the proportion of patients treated, increasing from 10.3% of
cases for SES-1 to 25.3% of cases for SES-5 (Fig. 1). In LVHSs, the most common group was
in SES-3, and the least frequently treated groups were those in the socioeconomic extremes
(SES-1 and SES-5). In contrast, the distribution of NCI-CCC patients according to SES
demonstrated a bimodal pattern, with the most common SES groups being the 2 extreme
socioeconomic categories (SES-1 and SES-5) and the least frequent group being SES-3.

Adherence to treatment guidelines

Surgery conformed to recommended guidelines in 51.2% of all cases, while appropriate
chemotherapy was administered to 62.0% of patients. Considering the overall treatment
program, 35.7% of patients were treated according to NCCN guidelines (Table 1).
Multivariate logistic regression analysis of variables predictive of overall treatment
adherence to NCCN guidelines revealed a statistically significantly and independent positive
association for NCI-CCC (odds ratio [OR] 1.00) compared with HVH (OR 0.83, 95% ClI
0.70 to 0.99) and LVVH (OR 0.56, 95% CI 0.47 to 0.67) (Table 2). Increasing age and
atypical histology were associated with a lower likelihood of guideline adherence. Among
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demographic characteristics, race and insurance type were not statistically significant
predictors of guideline adherence after controlling for other factors. Increasing SES,
however, was an independent and statistically significant predictor of receiving NCCN
guideline-adherent treatment, which increased by 23% for patients in SES-4 and by 46% for
patients in SES-5.

Survival analysis

The median ovarian cancer-specific survival for all patients was 49.9 months. On univariate
analysis, NCI-CCC treatment was associated with a statistically significant survival
advantage (Fig. 2). The median survival time for patients treated at an NCI-CCC was 77.9
months, compared with 51.9 months for patients treated at an HVH and 43.4 months for
those treated at an LVH (p < 0.0001). After controlling for the expected negative prognostic
factors of increasing age, International Federation of Gynecology and Obstetrics/American
Joint Committee on Cancer (FIGO/AJCC) stage, tumor size, and tumor grade, treatment at
an NCI-CCC (HR 1.00) was associated with a statistically significant and independent
improvement in ovarian cancer-specific survival compared with HVH (HR 1.18, 95% ClI
1.04 to 1.33) and LVH (HR 1.30, 95% CI 1.15 to 1.47) (Table 3). Among demographic
characteristics, neither race nor insurance status was significantly associated with survival
after controlling for other factors. On the other hand, higher SES was a statistically
significant predictor of improved survival. Specifically, the risk of ovarian cancer-related
death was decreased by 18% (95% CI 0.74 to 0.92) for patients in SES-4 and by 25% (95%
Cl1 0.68 to 0.84) for patients in SES-5 compared with patients in the lowest SES category
(SES-1).

Given the independent associations between both hospital type and SES with ovarian cancer-
specific survival, an exploratory univariate survival analysis was performed to examine the
survival impact of NCI-CCC status stratified by consolidated SES groupings. For patients in
the lower to middle SES groups (SES-1 to SES-3), the median disease-specific survival for
all patients was 46.1 months. Among this group, the median survival for patients treated at
NCI-CCCs (67.0 months) was statistically significantly longer compared with that for
patients treated at HVHSs (50.8 months) and those treated at LVHs (38.5 months) (p <
0.0001) (Fig. 3A). For patients in the upper socioeconomic strata (SES-4 and SES-5), the
median disease-specific survival for all patients was 53.1 months. Similar to the lower SES
strata, the median survival time was statistically significantly longer for patients treated at
NCI-CCCs (80.0 months) compared with HVHs (52.7 months) and LVHs (49.9 months) (p
< 0.0001) (Fig. 3B).

DISCUSSION

In 1973, the NCI established the Cancer Center Support Grant program and described
criteria for a hospital to attain NCI-CCC status. Requirements are restrictive, and these
centers must demonstrate expertise in each of 3 areas of research: laboratory, clinical, and
behavioral/population-based.14 The NCI-CCCs are expected to initiate and conduct early
phase, innovative clinical trials and to participate in the NCI’s cooperative groups by
providing leadership and recruiting patients for trials. The NCI-CCCs must also conduct
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activities in outreach and education, and provide information on advances in health care for
both health care professionals and the public. Receiving the NCI designation places a cancer
center among the top 4% of the approximately 1,500 cancer centers in the US. However, the
potential benefit of many of these programmatic elements to the local or regional cancer
patient population has been difficult to measure. Currently, there are no data that specifically
examine the potential benefit of ovarian cancer care at an NCI-CCC with regard to important
health care quality measures. The objective of this study, therefore, was to investigate the
impact of ovarian cancer care at an NCI-CCC on adherence to NCCN treatment guidelines
and survival in the demographically diverse region of southern California.

Our data indicate that ovarian cancer care administered at a NCI-CCC is associated with
statistically and clinically significant improvements in the rate of adherence to NCCN
treatment guidelines and disease-specific survival when measured against both hospitals
with a comparative annual case volume (HVHs) and those with lower ovarian cancer volume
(LVHSs). Although NCI-CCCs were significantly more likely to administer appropriate care
than both HVHs and LVHs, even at NCI-CCCs, the rate of adherence to recommended
treatment was disappointingly low (45.5%). This observation may reflect challenges with
collection and interpretation of information from administrative databases or differences in
unmeasured variables affecting patients’ capacity to tolerate therapy (eg, medical
comorbidities). For example, Erickson and coworkers? recently reported their single-
institution experience with 367 ovarian cancer patients at the University of Alabama at
Birmingham, an NCI-CCC. They described a rate of 78.5% adherence to NCCN treatment
guidelines.# The most common reason for deviation from recommended treatment was a
failure to administer appropriate chemotherapy as a result of comorbidities or progression of
disease. In our dataset, we were unable to determine whether there was selection bias toward
increased rates of higher medical comorbidity in the non-NCI-CCC centers that reflected
negatively on survival outcomes. Conversely, it is also possible that there are unmeasured
benefits to care at an NCI-CCC, over and above a higher rate of adherence to NCCN
treatment guidelines, such as access to clinical trials and coordinated multidisciplinary care,
which had a positive effect on survival outcomes.

This study is informative with regard to some of the challenges in access to high-quality
health care facing the US health care delivery system.27-31 The finding that in the heavily
resourced health care metropolis that is southern California, there were 158 hospitals that
performed, on average, 2.6 ovarian cancer operations per year, is disturbing. Undoubtedly,
there are multiple factors that contribute to such a decentralization of services including
inaccuracies in diagnosis, patient ability or willingness to travel, and physician preference. It
is also possible, and perhaps even likely, that contractual obligations between health plans,
payers, hospitals, and physicians have the unfortunate side effect of discouraging referral of
women with suspected ovarian cancer to high-volume centers. Regrettably, such health care
system pressures can sometimes run countercurrent to the well-documented volume-
outcomes relationship for ovarian cancer. Previous data from California indicated disparities
in access to high-volume surgeons and hospitals for Hispanics, Asian/Pacific Islanders,
women from low-SES, and those with safety-net insurance.” Interestingly, within this study,
we observed reverse disparities with regard to these populations and access to NCI-CCCs.
Specifically, women from racial minority groups, low-SES, and with safety-net insurance
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were over-represented in NCI-CCCs. However, from a population-based perspective, only a
small percentage of these at-risk groups actually had access to NCI-CCCs. For example,
although 29.0% of patients treated at NCI-CCCs were Hispanic, this accounted for just
12.2% of Hispanic ovarian cancer patients in the southern California region. Insurance status
has also been shown to affect access to care. In an earlier study from California, Aranda and
colleagues3? found that both Medicare and Medicaid insurance were associated with
statistically significantly reduced access to a high-volume surgeon. The type of health
insurance can be considered both a health system factor and an individual-level measure of
SES, and it has been linked to expenditure on cancer treatment, leading some authors to
suggest that payer status may influence access to appropriate care.33 In contrast, this study
was unable to demonstrate a statistically significant association between insurance type and
either adherence to treatment guidelines or survival. Although patients with Medicaid and no
insurance accounted for 30.4% of patients treated at NCI-CCCs in this study, only 20.8% of
patients in these payer categories were treated at NCI-CCCs within the southern California
region. So although minorities, lower-SES women, and those with safety-net insurance may
be disproportionately over-represented at NCI-CCCs, access remained limited.

After controlling for other variables, neither race nor insurance status was statistically
significantly associated with either adherence to treatment guidelines or survival, yet SES
emerged as a consistent predictor of both of these important clinical outcomes. These data,
as well as those from other recent publications, suggest that SES is likely the dominant
factor driving ovarian cancer disparities.” Additional research is needed to define the
mechanisms behind these apparent inequalities. The current data showing an association
between NCI-CCC status and improved adherence to treatment guidelines and survival may
have important health policy and administration implications regarding concentration of
ovarian cancer services as a mechanism to improve outcomes for all women with ovarian
cancer as well as effectively reduce racial and SES-based disparities in survival.34 Notably,
our data indicate that even among the most challenging lower socioeconomic populations
(SES-1 through SES-3), the survival advantage associated with NCI-CCC care was
maintained proportionate to the general population.

Strengths of this study include the large study population size, the proven reliability of the
California Cancer Registry, and examination of a contemporary time period during which no
major treatment paradigm shifts occurred. There are also several limitations that must be
considered when interpreting these data. First, this was a retrospective study design using a
population-based dataset and is subject to the inherent potential for reporting and selection
bias that accompanies such methodology. For example, individual chemotherapeutic agents
are not identified in the California Cancer Registry database; consequently, administration of
multi-agent chemotherapy was delineated as adherent to treatment guidelines. Second, and
perhaps most importantly, we were unable to control for potentially important unreported
variables that could influence both adherence to treatment guidelines and survival outcomes,
such as the presence of medical comorbidities. A third potential limitation is that the survival
analysis intentionally did not adjust for adherence to NCCN treatment guidelines.
Controlling for treatment-related variables intrinsically associated with NCI-CCCs or HVHs,
such as variation in surgical practices and chemotherapy use, could potentially mask or
mitigate a positive hospital type-outcome effect.3® Fourth, we were unable to examine the
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potential effect of physician specialty because the California Cancer Registry does not
capture this information routinely. Finally, because this was a retrospective observational
study, we were unable to account for the effects of patient ability or willingness to travel in
selection of treatment delivery settings.

CONCLUSIONS

Despite these limitations, several conclusions can be drawn from these data. First, NCI-CCC
status is an independent predictor of adherence to ovarian cancer treatment guidelines and
improved ovarian cancer-specific survival. Second, these data validate NCI-CCC status as a
structural health care characteristic correlated with superior ovarian cancer quality measure
performance. Finally, although the geographic region in this case was confined to southern
California, these data suggest that improving access to NCI-CCC through regional
concentration of care may be a mechanism to improve clinical outcomes for women with
ovarian cancer. Additional research is needed to more precisely define the most pressing
barriers to ensuring availability of high quality care for all women with ovarian cancer.
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Figurel.
Proportional distribution of ovarian cancer patients in southern California (n = 9,933), 1996

to 2006, according to socioeconomic status (SES) and stratified by hospital type. Chi-square
test, 2-sided p value < 0.0001. Black bar, National Cancer Institute Comprehensive Cancer
Center; gray bar, high-volume hospital; light gray bar, low-volume hospital.
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Figure2.
Ovarian cancer-specific survival probability for patients with invasive primary epithelial

ovarian cancer in southern California, from the California Cancer Registry, 1996 to 2006,
stratified by hospital type. Survival analyses were performed using the Kaplan-Meier
method and 2-sided log rank test. The median survival time for all patients (n = 9,933) was
49.9 months (95% CI 47.8 to 52.1 months). Median survival times were 77.9 months (95%
Cl 61.4 to 92.9 months) for National Cancer Institute (NCI) Comprehensive Cancer Center
patients (n = 800), 51.9 months (95% CI 49.2 to 55.7 months) for non-NCI high-volume
hospital patients (n = 4,654), and 43.4 months (95% CI 39.9 to 47.2 months) for non-NClI
low-volume hospital patients (n = 4,479).
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Figure 3.

(A) Ovarian cancer-specific survival probability for patients in the low to middle
socioeconomic strata (SES-1 to SES-3) with invasive primary epithelial ovarian cancer in
southern California, from the California Cancer Registry, 1996 to 20086, stratified by hospital
type. Survival analyses were performed using the Kaplan-Meier method and 2-sided log
rank test. The median survival time for all patients (n = 5,508) was 46.1 months (95% ClI
42.7 to 50 months). Median survival times were 67.0 months (95% CI 54.9 to 90.3 months)
for National Cancer Institute (NCI) Comprehensive Cancer Center patients (n = 487), 50.8
months (95% CI 45.4 to 55.5 months) for non-NCI high-volume hospital patients (n =
2,275), and 38.5 months (95% CI 35.1 to 42.9 months) for non-NCI low-volume hospital
patients (n = 2,746). (B) Ovarian cancer-specific survival probability for patients in the
higher-middle to highest socioeconomic strata (SES-4 and SES-5) with invasive primary
epithelial ovarian cancer in southern California from the California Cancer Registry, 1996 to
20086, stratified by hospital type. Survival analyses were performed using the Kaplan-Meier
method and 2-sided log rank test. Median survival time for all patients (n = 4,425) was 53.1
months (95% CI 50.1 to 57.7 months). Median survival times were 80.0 months (95% CI
60.5 to 100.6 months) for NCI Comprehensive Cancer Center patients (n = 313), 52.7
months (95% CI 49.3 to 60.0 months) for non-NCI high-volume hospital patients (n =
2,379), and 49.9 months (95% CI 45.1 to 54.9 months) for non-NCI low-volume hospital
patients (n = 1,733).
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Table 3

Multivariate Ovarian Cancer-Specific Survival Analysis

Characteristic HR" 95% CI
Age 1.03 1.03 1.03
Tumor histology
Serous 1.00 - -
Mucinous 1377 1177 1607
Endometrioid 0.88 0.78  1.00
Clear cell 1257 1057 1487
Adenocarcinoma, not otherwise specified 1597 1387 1637
Other 1327 1237 1437
Tumor size, cm
<5 1.00 - -
5-10 098 0.88 1.09
>10 086’ 0777 0967
Unknown 111’ 107 1237
Tumor stage
| 1.00 - -
I 2797 2337 3357
m 6.247 5427 7197
v 9677 8357 11197
Tumor grade
1 1.00 - -
2 1787 1467 2187
3 2007 1647 2437
4, undifferentiated/anaplastic 2047 1657 2527
Not stated 2597 2137 3167
Race/ethnicity
White 1.00 - -
African American 111 097 1.26
Hispanic 0.95 0.87 1.04
Asian/Pacific islander 093 083 1.04
Insurance type
Managed care 1.00 - -
Medicare 095 0.89 1.03
Medicaid 1.07 0.95 1.21
Other ins 092 082 1.04
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Characterigtic HR* 95% ClI
Not insured 113 094 135
Unknown 0.89 0.74 1.06

Socioeconomic status
SES-1 (lowest) 1.00 - -
SES-2 (lower-middle) 0.99 0.90 1.10
SES-3 (middle SES) 093 084 104
SES-4 (higher-middle) 0827 0747 00927
SES-5 (highest) 0757 0687 0847

Hospital type
NCI Comprehensive Cancer Center 1.00 - -
Non-NCI high-volume hospital 1187 1047 1337
Non-NCI low-volume hospital 1307 1157 1477

*
Hazard ratios were computed using Cox proportional hazards model.

fSignificant variables. Statistical significance was set to p < 0.05, and all p values are 2-sided.

HR, hazard ratio; NCI, National Cancer Institute; SES, socioeconomic status.
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