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guidelines as a quality of care indicator for ovarian cancerx
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California, Irvine-Medical Center, Orange, CA, United States

bDepartment of Epidemiology, University of California Irvine, Irvine, CA, United States

Abstract

Objective—To develop an observed-to-expected ratio (O/E) for adherence to National
Comprehensive Cancer Network (NCCN) ovarian cancer treatment guidelines as a risk-adjusted
hospital measure of quality care correlated with disease-specific survival.

Methods—Consecutive patients with stages I-1V epithelial ovarian cancer were identified from
the California Cancer Registry (1/1/96-12/31/06). Using a fit logistic regression model, O/E for
guideline adherence was calculated for each hospital and distributed into quartiles stratified by
hospital annual case volume: lowest O/E quartile or annual hospital case volume <5, middle two
O/E quartiles and volume =5, and highest O/E quartile and volume =5. A multivariable logistic
regression model was used to characterize the independent effect of hospital O/E on ovarian
cancer-specific survival.

Results—Overall, 18,491 patients were treated at 405 hospitals; 37.3% received guideline
adherent care. Lowest O/E hospitals (n = 285) treated 4661 patients (25.2%), mean O/E = 0.77

+ 0.55 and median survival 38.9 months (95%CI = 36.2-42.0 months). Intermediate O/E hospitals
(n = 85) treated 8715 patients (47.1%), mean O/E = 0.87 + 0.17 and median survival of 50.5
months (95% CI = 48.4-52.8 months). Highest O/E hospitals (n = 35) treated 5115 patients
(27.7%), mean O/E = 1.34 + 0.14 and median survival of 53.8 months (95% CI = 50.2-58.2
months). After controlling for other variables, treatment at highest O/E hospitals was associated
with independent and statistically significant improvement in ovarian cancer-specific survival
compared to intermediate O/E (HR = 1.06, 95% CI = 1.01-1.11) and lowest O/E (1.16, 95% CI =
1.10-1.23) hospitals.

Conclusions—Calculation of hospital-specific O/E for NCCN treatment guideline adherence,
combined with minimum case volume criterion, as a measure of ovarian cancer quality of care is
feasible and is an independent predictor of survival.
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1. Introduction

Ovarian cancer is the leading cause of gynecologic cancer related mortality in the United
States; therefore, improving the quality of epithelial ovarian cancer care remains of the
utmost importance. In 2014 nearly 22,000 new cases were diagnosed with over 14,000
disease related deaths [1]. The National Comprehensive Cancer Network (NCCN) guidelines
for treatment of epithelial ovarian cancer established by an expert panel are the standard for
quality cancer care [2]. Population based studies from both national and institutional
databases show improved survival in ovarian cancer patients who received care adherent to
NCCN guidelines [3-4]. Furthermore, recent studies have shown that treatment by low-
volume hospitals and low-volume physicians is associated with decreased disease-specific
survival after adjusting for NCCN adherent care, suggesting that centralization of ovarian
cancer care may be associated with optimized patient outcomes [3,5-13]. Additional studies
have examined the effects of institutional and provider surgical volumes and have concluded
that patients treated at high volume referral centers receive more comprehensive surgical
care [4,14-18].

One long-standing paradigm for evaluating the quality of care and health services is the
Donabedian model [19]. This model uses three categories—structure, process and outcomes
in its assessment [19-20]. The Donabedian model’s linear framework is structured as a
sequential progression from structure to process to outcome and fails to incorporate key
characteristics such as patient population and environmental factors limiting the correlation
between quality measures and survival [21-22]. Unlike the Donabedian paradigm, the
National Surgical Quality Improvement Program (NSQIP) model compares risk-adjusted
surgical outcomes to national averages as a measure of quality of care. NSQIP is an
established outcomes-based assessment for the quality of surgical treatment and can be used
to improve the quality of comprehensive ovarian cancer care [23].

Focusing on process measures such as increased adherence to NCCN guidelines and
centralization of care may improve ovarian cancer treatment. Although there are several
studies favoring the centralization of care for epithelial ovarian cancer patients, these studies
have used survival, surgical, and hospital volume as isolated measures for quality of care.
Outcomes-based measures take a long time to acquire, are expensive to gather, and are not
representative of granularity of quality care. The current report represents a pilot study to
evaluate the feasibility of developing an observed-to-expected ratio (O/E) for adherence to
National Comprehensive Cancer Network (NCCN) treatment guidelines as a risk-adjusted
hospital measure of ovarian cancer quality care correlated with disease-specific survival.

2. Methods

The study design was a retrospective population-based case-only study of invasive epithelial
ovarian cancer reported to California Cancer Registry (CCR) and received exempt status by
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the Institutional Review Board of the University of California, Irvine (HS#2011-8317). The
CCR is California’s statewide population-based cancer surveillance system that has
collected information about tumor characteristics, patient characteristics, tumor diagnosis,
and treatment for all cancers diagnosed in California since 1988. Standardized data
collection and quality control procedures have been in place since that time [24-25]. Case
reporting is estimated to be 99% for the entire state of California, with follow-up completion
rates exceeding 95% [26]. International Classification of Disease Codes for Oncology (ICD-
0) based on the 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).

The study population included women who were older than 18 and diagnosed with first or
only invasive epithelial ovarian cancer. 20,943 incident ovarian cancer cases were identified
during the time period from January 1996 to December 2006 in CCR with follow-up through
January 2008. After sequentially excluding 165 non-epithelial histological sub-types, 246
cases had missing ICD-O-2 morphology code, 742 cases were identified from autopsy or
death certificate only, and 1299 have incomplete clinical information. A total of 18,491
patients who were treated in 405 California hospitals ended up in our final study population.

A multivariate logistic model was used to identify independent predictors of adherence to
NCCN treatment guidelines, which is considered a measure of the quality of cancer care and
the therapeutic standard that the majority of ovarian cancer patients should be provided.
Adherence to treatment guidelines for ovarian cancer was based on NCCN recommendations
for surgery and chemotherapy according to the time period of diagnosis (1997-2005) [27-
31]. For stages I-111B, 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-IV disease. For cases of
stages IA-IB, grade 1-2 disease, no adjuvant treatment was considered adherent to NCCN
guidelines. Administration of multi-agent chemotherapy was considered adherent for cases
of Stages IC-IV or grade 3 disease. Surgery must have preceded chemotherapy for Stages I-
I11B to be considered adherent to NCCN guidelines, while for stages I1IC-1V either initial
surgery or chemotherapy was characterized as adherent care.

Explanatory variables included patient and tumor characteristics: patient’s age at diagnosis,
race/ethnicity (White, Black, Hispanic, and Asian/Pacific Islander), insurance type
(Managed care, Medicaid, Medicare, or Other insurance), socioeconomic status (SES)
quintile of Yost score (lowest SES, low-middle SES, middle SES, high-middle SES and
highest SES) [32], tumor stage, grade, histology and size. Univariate analyses were
conducted to examine the relation between each predictor variable and overall treatment
adherence using Chi square test for categorical variable and t-test for continuous variable.
Model selection was based on our clinical knowledge and univariate analyses. Predictors in
final logistic model included patient’s age at diagnosis (continuous variable), tumor stage (I,
I, 11 or 1V), grade (1, I1, 111, IV or unknown), histology (Serous, Mucinous, Endometrioid,
Clear cell, or others) and size (<5 cm, 5-10 cm, >10 cm or unknown). The c-statistic was
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used to measure the predictive accuracy of the model and Hosmer—Lemeshow test was used
to test the calibration of the model.

The final multivariate logistic model was used to estimate the probability of adherence to
NCCN overall treatment plan for each patient. The expected adherence rate for each hospital
was calculated by summing up the probabilities of adherence for all patients that were
treated in that hospital. Observed adherence for each hospital was calculated as the number
of patients that received adherent care in the hospital. The ratio of observed to expected
adherence (O/E) was calculated for each hospital. An O/E ratio >1.0 indicated that the
hospital was more adherent to the guidelines than would be expected according to its patient
mix. An O/E ratio <1.0 indicated that the hospital was less adherent to the guidelines than
would be expected based on its patient mix. The hospital O/E ratio was then classified into
three categories based on O/E quartiles: lowest quartile, middle two quartiles and highest
quartile. Hospitals with very low case volume tend to have too few cases to calculate stable
O/E ratio; sensitivity analysis showed hospitals with 5 or more cases had reasonable
standard deviation of O/E ratio. Thus, we grouped O/E ratio into three categories: lowest
quartile of O/E or annual case volume <5, middle two quartiles of O/E and annual case
volume =5, highest quartile of O/E and annual case volume =5.

Cause of death was recorded according to International Classification of Disease (ICD)
criteria in effect at the time of death [33]. Ovarian cancer-specific mortality was defined as
death caused by ovarian cancer alone. Patients that died from other causes were treated as
censored events at the time of the event.

Descriptive statistics for demographic, clinical and treatment characteristics were analyzed
with ;(2 test or Fisher’s Exact test for categorical variables. 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 on survival of each predictor. Possible interaction terms of main effects
were tested by comparing nested models that included the interaction term to a model with
no interaction term. Adjusted hazard ratios and 95% confidence intervals (CI) were
generated. All statistical analyses were performed on SAS 9.2.

3. Results

A total of 18,491 patients with complete clinical and pathologic information were identified
from 405 hospitals. The majority of patients were White (69.8%), while 15.7% were
Hispanic, 10.1% were Asian/Pacific Islander, and 4.4% were Black. Managed care and
Medicare were the most common insurance payers, and 69.6% of patients had Stage 111/IV
disease. Serous histology was found in 40.6% (n = 7504). Combined, 47.5% of patients were
higher-middle to highest socioeconomic status (SES), while only 12.5% were classified as
lowest SES. Overall, 37.3% of patients received NCCN guideline adherent care (combined
surgical and chemotherapeutic treatment), 52.8% of patients underwent guideline adherent
surgical management, and 62.7% received guideline adherent chemotherapy. The
demographic and clinical characteristics of the patient study population in each O/E quartile
are shown in Table 1.
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When stratified by distribution of hospital annual case volume, 148 facilities performed less
than 2 cases per year (SD = 0.67), 134 performed 2-5 cases per year (SD = 0.38), and 123
hospitals performed more than 5 cases annually (SD = 0.27-0.29) (Table 2). Notably, the
standard deviation of the O/E ratio for low volume hospitals (<5 cases annually) was higher
while a stability of variance for both O/E and standard deviation was noted in high volume
hospitals (>5 cases) leading to the decision to combine the lower categories and use 5 as the
minimum volume requirement.

The 405 California hospitals that treated ovarian cancer patients were grouped into low O/E
adherence (<5 cases per year and O/E ratio <1.0), intermediate O/E (=5 cases per year and
O/E ratio <1.0) and high O/E (=5 cases per year and O/E ratio >1.0). Over 70% of the
hospitals were classified into the low O/E category (n = 285); 4661 (25.2%) patients were
treated at these facilities. The mean O/E for this group was 0.77 + 0.55 with median survival
of 38.9 months (95% CI = 36.2—-42.0 months). Eighty five hospitals met criteria for
intermediate O/E treating 47.1% (n = 8, 715) patients with a mean O/E =0.87 £ 0.17 and a
median survival of 50.5 months (95% CI = 48.4-52.8 months). Hospitals with the highest
O/E (n = 35) treated 5115 patients (27.7%) with a mean O/E = 1.34 + 0.14 and were also
found to have the highest median survival at median survival at 53.8 months (95% CI =
50.2-58.2 months) (Table 3). Improved survival probability is seen with middle to high O/E
and a minimum hospital case volume of 5 (Fig. 1).

In the multivariable survival model, advancing age, increasing stage, higher tumor grade,
and atypical histological subtype were associated with worse survival. After controlling for
age and disease-related characteristics, care at a high O/E hospitals (HR = 1.00) was
associated with a statistically significant and independent improvement in ovarian cancer-
specific survival compared to intermediate O/E hospitals (HR = 1.06, 95% CI = 1.01-1.11)
and low O/E hospitals (HR = 1.16, 95% CI = 1.10-1.23) (Table 4).

4. Discussion

The purpose of this study was to develop a risk-adjusted hospital measure of quality care
correlated with disease specific survival. We demonstrate that the use of NCCN guideline
adherence combined with a minimum case volume criterion as a measure of ovarian cancer
quality of care is feasible. While there is a continued trend for research in the field of
ovarian cancer care quality improvement, previous research has limited applicability to large
scale implementation [34-38].

Verleye et al. reported that ovarian cancer process measures include performance of
comprehensive staging, maximal surgical cytoreduction, and administration of
recommended chemotherapy [39]. A study by Bristow and colleagues showed a direct
correlation between NCCN adherent ovarian cancer care and improved survival [3].
Additional findings of this study revealed that both low-volume hospitals and low-volume
physicians were associated with decreased disease-specific survival after adjusting for
NCCN adherent care. These results have been demonstrated in several population-based
studies that support superior ovarian cancer care from high-volume surgeons and high-
volume centers [5-15].
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While there is extensive data to support administration of care at high-volume centers, a
recent study by Phippen et al. demonstrated that NCCN adherent quality cancer care can be
administered at low volume hospitals. The results of this retrospective study showed 73% of
patients achieved optimal cytoreduction and 85.4% of the 48 patients included in the
analysis received NCCN adherent care. These findings are similar to those reported
nationally and argue against centralization of care based on volume alone [40].

Our study findings also support the rationale for moving beyond the crude structural
measure of annual case volume as the main criterion for identifying high performing centers,
as evidenced by the large standard deviation among low-volume hospitals due to the high
O/E ratio of some of those institutions. Furthermore, data from the National Cancer Data
Base suggests that the majority of cancer surgery is being performed by low-volume
institutions [17]. Strengths of the current study include a large study population, the proven
reliability of the California Cancer Registry, and incorporation of NCCN ovarian cancer
treatment guidelines—a validated quality process measure.

Importantly, there are several limitations that must be considered when interpreting the
current data. First, this was a retrospective study design using a population based data set
that is subject to reporting and selection bias. Second, we were unable to control for
variables such as physician and surgeon specialty, provider volume, medical comorbidities,
extent of residual disease, and participation in clinical trials. These unreported variables
could influence both administration of NCCN recommended standard of care for ovarian
cancer and survival outcome. The current model is imperfect, as evidenced by the narrow
discrimination between intermediate and high O/E hospitals.

Future studies should adjust for variation attributable to differences in medical
comorbidities, amount of residual tumor, and route of chemotherapy administration to
further develop our risk-adjusted model. Once fully developed, implementation of this
quality of care measure would identify highest O/E hospitals and emphasize centralization
of care based on O/E score. One way to encourage patients to seek care at high O/E
hospitals would be for insurance payers to support payments to high O/E hospitals and limit
payment to low O/E hospitals. Ultimately, this would also encourage physicians to provide
NCCN adherent care.

Despite the above limitations, the current study suggests that treatment at a high O/E
institution was associated with an independent and statistically significant improvement in
ovarian cancer-specific survival compared to intermediate and low O/E hospitals. Perhaps
more importantly, these data demonstrate that development of a quality metric that combines
a minimum case volume requirement with a validated quality process measure is feasible
and is an independent predictor of survival and facilitates standardized evaluation of
hospitals irrespective of volume. Moving beyond isolated structural measures will lead to
more comprehensive assessment of quality ovarian cancer treatment. Finally, the current
analysis supports previous findings that only one in three women with ovarian cancer in
California received NCCN adherent care further emphasizing the need for quality
improvement and centralizing care to high performing facilities and providers [3].
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HIGHLIGHTS

. Adherence to NCCN guidelines is correlated with improved survival
and is a useful measure of quality cancer care.

. Treatment at high O/E hospitals is associated with significant
improvement in ovarian cancer-specific survival.

. Development of a quality metric combining case volume with a quality
process measure is feasible and predicts survival.
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Product-Limit Survival Estimates
With Number of Subjects at Risk

1.0 A
0.9 4
0.8 1
0.7 1
0.6 1
0.5 1
0.4
0.3 5
0.2 1
0.1

Survival Probability

4660
8711
5114

b —

i

3120 2440 1905 1511 1223 957

6347 5074 3945 3112 2429 1885

Fig. 1.

3956 3127 2421 1899 1479 1138
I T T T T

10 20 30 40 50 60

Time since diagnosis in month

group

1: 1=Low O/E or hospital volume < 5 cases/year
— — — 2: 2=Middle O/E and hospital volume >= 5 cases/year
— - — 3: 3=High O/E and hospital volume >= 5 cases/vear

Survival graph by O/E* category. Improved survival probability is noted when a minimum
hospital case volume of 5 is combined with middle to high O/E. * O/E: observed-to-

expected ratio.
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Table 4

Multivariable survival model.

Characteristic

Hazard ratio 95% Confidence interval

Age

Year of diagnosis
Stage of Disease
|

1

1

v

Tumor Grade

AW N

Unknown
Histology
Serous
Endometrioid
Mucinous

Clear Cell

Adenocarcinoma NOS?
Other

Tumor Size

<5cm

5-10cm

>10cm

Unknown

1.02 1.02-1.03
1.00 0.99-1.01
1.00

2.62 2.29-2.99
6.36 5.74-7.05
9.94 9.93-11.05
1.00

2.62 1.27-1.67
1.46 1.42-1.85
1.67 1.45-1.94
2.15 1.88-2.47
1.00

0.85 0.78-0.94
1.48 1.33-1.65
1.35 1.20-1.52
1.52 1.43-1.62
131 1.24-1.39
1.00

0.99 0.91-1.07
0.93 0.86-1.01
114 1.06-1.22

Hospital Adherence Metric (O/E4 + volume)

High O/E
Intermediate O/E
Low E/E

1.00
1.06 1.01-1.11
1.16 1.10-1.23

a .
Observed-to-expected ratio.

bNOS: not otherwise specified.

Gynecol Oncol. Author manuscript; available in PMC 2016 December 08.

Page 16



	Abstract
	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	References
	Fig. 1
	Table 1
	Table 2
	Table 3
	Table 4



