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Adherence to Treatment Guidelines for
Ovarian Cancer as a Measure of Quality Care
Robert E. Bristow,

MD, MBA,

Jenny Chang,

MPH,

Argyrios Ziogas, and Hoda Anton-Culver,

OBJECTIVES: To validate National Comprehensive Cancer Network ovarian cancer guideline adherence as
a quality process measure associated with improved
survival, and to identify structural health care characteristics predictive of adherence to National Comprehensive Cancer Network guideline care.
METHODS: Consecutive patients with epithelial ovarian
cancer diagnosed between 1 January 1999 and 31
December 2006 were identified from the California
Cancer Registry. Adherence to National Comprehensive
Cancer Network guideline care was defined by stageappropriate surgical procedures and recommended chemotherapy. Multivariable logistic regression models were
used to identify characteristics predictive of National
Comprehensive Cancer Network guideline adherence
and ovarian cancer–specific survival.
RESULTS: A total of 13,321 patients were identified.
Overall, 37.2% of patients received National Comprehensive Cancer Network guideline–adherent care. Guidelineadherent care was associated with high-volume hospitals
(20 or more cases per year; 50.8% compared with 34.1%;
P,.001) and high-volume physicians (10 or more cases per
year; 47.6% compared with 34.5%; P,.001). After controlling for other factors, both low-volume hospitals (odds
ratio [OR] 1.83, 95% confidence interval [CI] 1.66–2.01)
and low-volume physicians (OR 1.19, 95% CI 1.07–1.32)
were independently associated with deviation from
National Comprehensive Cancer Network guidelines. On

From the Division of Gynecologic Oncology, Department of Obstetrics and
Gynecology, University of California, Irvine-Medical Center, Orange, California;
and the Department of Epidemiology, University of California, Irvine, Irvine,
California.
Dr. Bristow was supported in part by the Queen of Hearts Foundation.
Presented at the Society of Gynecologic Oncology 44th Annual Meeting on Women’s
Cancer, March 9–12, 2013, Los Angeles, California.
Corresponding author: Robert E. Bristow, MD, MBA, Division of Gynecologic
Oncology, Department of Obstetrics and Gynecology, University of California,
Irvine School of Medicine, 101 The City Drive, Building 56, Room 260, Orange,
CA 92868; e-mail: rbristow@uci.edu.
© 2013 by The American College of Obstetricians and Gynecologists. Published
by Lippincott Williams & Wilkins.
ISSN: 0029-7844/13

1226

VOL. 121, NO. 6, JUNE 2013

PhD

multivariable survival analysis, nonadherence to National
Comprehensive Cancer Network guideline care was associated with decreased disease-specific survival (hazard
ratio [HR] 1.33, 95% CI 1.26–1.41). Both low-volume hospitals (HR 1.08, 95% CI 1.01–1.16) and low-volume physicians (HR 1.18, 95% CI 1.09–1.28) were associated with
decreased disease-specific survival after adjusting for
National Comprehensive Cancer Network guideline–
adherent care.
CONCLUSIONS: Adherence to National Comprehensive Cancer Network guidelines for treatment of ovarian
cancer is correlated with improved survival and may be
a useful process measure of quality cancer care. Ovarian
cancer case volume correlates with a higher likelihood of
recommended care and improved survival and may be
a useful structural quality measure. Increased efforts to
concentrate ovarian cancer care are warranted.
(Obstet Gynecol 2013;121:1226–34)
DOI: 10.1097/AOG.0b013e3182922a17

LEVEL OF EVIDENCE: II

I

ntuitively, the quality of cancer care is important to
the consumer, health care insurance organizations,
health care administrators and professionals, and government agencies as a mechanism to ensure maximum
health care value and cost-effectiveness of care. Until
recently, quality control has been a neglected aspect of
most types of cancer care. Ovarian cancer is the fifth
leading cause of cancer-related death among women in
the United States and accounts for more deaths than all
other gynecologic cancers combined.1 As a result,
there is a pressing need to determine appropriate
measures of ovarian cancer care quality. Previous
research has been fragmentary in approaching the
continuum of ovarian cancer care and has failed to
yield a consensus on the most appropriate quality
measures.2 A useful framework for assessing health
care quality is the Donabedian paradigm for quality
measurement, which considers three domains: structure; process; and outcomes.3 Although each approach
has unique advantages, they each have conceptual and
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practical limitations. Consequently, quality improvement efforts should ideally incorporate all three
domains, with the balance dictated by the specific clinical situation.4
The National Comprehensive Cancer Network
Clinical Practice Guidelines are provided for 40
different disease sites, and each represents a consensus
statement of evidence from a panel of disease site–
specific experts regarding their views of currently
accepted approaches to cancer treatment.5 Surprisingly, the National Comprehensive Cancer Network
guidelines for ovarian cancer, although widely
acknowledged as defining the standard of care, have
not been rigorously validated as correlating with
improved patient outcomes. The overarching objective of the current study was to collectively examine
the three quality measurement domains (structure,
process, and outcomes) in ovarian cancer care from
a population-based perspective. More specifically, we
aimed to validate National Comprehensive Cancer
Network ovarian cancer guideline adherence as a quality process measure associated with improved survival
and to identify structural health care characteristics
predictive of adherence to National Comprehensive
Cancer Network guideline care.

MATERIALS AND METHODS
This is a retrospective, population-based, case-only
study of invasive epithelial ovarian cancer reported to
California Cancer Registry between 1 January 1999
and 31 December 2006, and it received exempt status
by the Institutional Review Board of the University of
California, Irvine (HS#2011-8317). California Cancer
Registry case reporting is estimated to be 99% for the
entire state of California, with follow-up completion
rates exceeding 95%.6 International Classification of
Diseases Codes for Oncology based on World Health
Organization’s criteria were used for tumor location
and histology. Cases were identified using ovarian
Surveillance, Epidemiology, and End Results (SEER)
primary site code (C569).
Case selection criteria included age 18 years or
older and a first or only invasive epithelial ovarian
cancer diagnosed (Fig. 1). Age at diagnosis was treated
either as a continuous variable or as a categorical variable with four groups (younger than 45 years, 45–54
years, 55–69 years, and 70 years or older). Tumor
characteristic included International Federation of
Gynecology and Obstetrics (FIGO) stage, tumor grade,
and histology. Hospital volume was calculated based
on the average annual number of ovarian cancer cases
that were admitted in that hospital. Hospitals with 20 or
more cases per year were classified as high-volume and
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hospitals with fewer than 20 cases per year were considered low-volume. Physician volume was derived
from the average annual number of cases from each
patient’s physician (surgeon, medical oncologist, or
attending physician, whichever had higher volume).
Physicians with 10 or more cases per year were categorized as high-volume and those with fewer than
10 cases per year were considered low-volume.7–10
Cause of death was recorded according to International
Classification of Diseases criteria in effect at the time of
death.11 The last date of follow-up was either the date
of death or the date of last contact. Ovarian cancer–
specific mortality was defined as death caused by ovarian cancer. Patients who died from other causes were
treated as censored cases at the time of the event.
For the purposes of this study, adherence to
National Comprehensive Cancer Network guideline
therapy was selected as the process measure of quality
of cancer care and considered the therapeutic standard that the majority of ovarian cancer patients
should be provided. Adherence to treatment guidelines for ovarian cancer was based on National
Comprehensive Cancer Network recommendations
for surgery and chemotherapy according to the time
period of diagnosis (1997–2005).12–16 For FIGO stages
I–IIIB, surgical treatment was considered adherent to
National Comprehensive Cancer Network guidelines
if it included a minimum of oophorectomy (with or
without hysterectomy), pelvic lymph node biopsy,
para-aortic lymph node biopsy, or both, and omentectomy. A minimum of oophorectomy (with or without
hysterectomy) and omentectomy was considered
adherent surgical care for FIGO stages IIIC–IV disease. For cases of stages IA–IB, grades 1–2 disease, no
Incident ovarian cancer 1999–
2006, California Cancer Registry
N=15,477
Excluded: n=2,156
Borderline tumor: 94
Germ cell tumor: 114
Sex cord stromal tumor: 9
Missing ICD-O-2 morphology
code: 160
Autopsy or death records
only: 525
Unknown date for surgery,
chemotherapy, or both: 61
Incomplete clinical information: 1,134
Incomplete hospital information: 59
Final study population
n=13,321

Fig. 1. Case ascertainment and selection. ICD-O-2, International Classification of Diseases Codes for Oncology 2.
Bristow. Ovarian Cancer Quality Measures. Obstet Gynecol 2013.
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adjuvant treatment was considered adherent to
National Comprehensive Cancer Network guidelines.
Administration of multiagent chemotherapy was considered appropriate for cases of stages IC–IV or grade
3 disease. Surgery must have preceded chemotherapy
for stages I–IIIB to be considered adherent to
National Comprehensive Cancer Network guidelines,
whereas for stages IIIC–IV either initial surgery or
chemotherapy was characterized as appropriate care.
Dichotomous variables, adherence or nonadherence,
were created for adherence to surgical guidelines, chemotherapy guidelines, and the overall treatment plan
(both surgery and chemotherapy). For analysis of
adherence or nonadherence of the overall treatment
plan, cases of discordance between providers (eg,
high-volume hospital for surgery and low-volume
hospital for chemotherapy) were assigned as highvolume.
Descriptive statistics for demographic and clinical
characteristics were analyzed with x2 test or Fisher
exact test for categorical variables. The first main outcome variable was adherence to National Comprehensive Cancer Network guidelines for treatment of
ovarian cancer. Multivariable logistic regression analysis was performed to estimate the probability of nonadherence to National Comprehensive Cancer
Network guidelines. The second main outcome variable was disease-specific survival. Survival analysis
was performed using the Kaplan-Meier estimate of
survival probability and log-rank test. After verifying
the proportionality assumption, a Cox proportional
hazards model was fitted to evaluate the independent
effect on survival of each predictor, with FIGO stage
treated as a strata rather than as a covariate. The model
compared time to death among patients with the same
stage and generated a single-weighted coefficient for
other factors in the model. 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% confidence intervals (CI) were generated. All statistical analysis was performed using SAS 9.2.

RESULTS
A total of 13,321 patients with complete clinical and
pathologic information were identified. The median
age at diagnosis was 61 years (range 18–104 years).
The patient and health care provider characteristics
are shown in Table 1. FIGO stages III–IV disease
accounted for 69.9% of patients, and serous tumors
were the most common histologic subtype (41.5%).
Analysis of hospital annual ovarian cancer case volume revealed that the majority (81.2%) of patients
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underwent surgery at low-volume hospitals, with just
18.8% of surgeries performed at high-volume centers.
There was no recorded operating surgeon or treating
physician identified (missing data) in 21.5% of cases
(2,857 patients). Among all cases, a high-volume physician treated 16.4% of patients, whereas low-volume
health care providers cared for 62.1%. Of the 10,464
patients with an operating surgeon or treating physician of record, high-volume health care providers
accounted for 20.9% of cases.
Overall, 4,952 patients (37.2%) received National
Comprehensive Cancer Network guideline–adherent
care. Appropriate surgery was performed in 54.1% of
cases, whereas appropriate chemotherapy was administered to 60.7% of patients. Both patient demographic
and disease characteristics were significantly associated with the likelihood of receiving National Comprehensive Cancer Network guideline–adherent care
(Table 1). Age 70 years or older, early-stage disease,
and atypical histologic subtypes were associated with
an increased likelihood of nonadherent care. Among
health care provider characteristics, the most notable
differences in administration of National Comprehensive Cancer Network guideline–adherent care were
associated with individual physician annual ovarian
cancer case volume. Compared with low-volume providers, high-volume physicians were significantly
more likely to perform proper surgery (69.6% compared with 49.7%; P,.001), administer proper chemotherapy (65.8% compared with 58.0%; P,.001), and
deliver appropriate overall treatment (47.6% compared with 34.5%; P,.001). High-volume hospitals
were more likely to administer National Comprehensive Cancer Network guideline–adherent care (50.8%
compared with 34.1%; P,.001), as were hospitals with
an American College of Surgeons–approved cancer
program (38.6% compared with 36.0%; P5.002).
A multivariable logistic regression model was
developed to determine the independent effect of
each variable on the likelihood of National Comprehensive Cancer Network guideline–adherent care
(Table 2). Advanced FIGO stage of disease was significantly associated with a higher likelihood of
receiving proper surgery, chemotherapy, and overall
treatment. Although higher tumor grade was associated with an increased risk of receiving chemotherapy
nonadherent to National Comprehensive Cancer Network guidelines, there was a significant positive association between increasing tumor grade and a higher
likelihood of proper surgery and overall treatment.
Increasing age at diagnosis was associated with a marginal increase in the likelihood of receiving nonadherent care. Provider characteristics were significantly
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Table 1. Study Population Characteristics
Adherence to National Comprehensive Cancer Network Guidelines

Characteristic
All patients
Age at diagnosis (y)
Younger than 45
45–54
55–69
70 or older
Mean6SD
Median (range)
Hospital volume†
High (20 or more)
Low (less than 20)
Hospital type
ACS
Not ACS
Physician volume
High (10 or more)
Low (less than 10)
Physician unknown
Stage
I
II
III
IV
Grade
1
2
3
4
Not stated
Histology
Serous
Mucinous
Endometrioid
Clear cell
Adenocarcinoma, NOS
Other
Size (cm)
5 or less
5–10
More than 10
Unknown
Surgery adherence
Adherence
Nonadherence
Chemotherapy adherence
Adherence
Nonadherence

Overall Treatment

Surgery

Chemotherapy

13,321 (100)

4,952 (37.2)

7,207 (54.1)

8,086 (60.7)

1,762 (13.2)*
2,855 (21.4)
4,448 (33.4)
4,256 (31.9)
61.0615.0
61 (18–104)

673 (38.2)*
1,207 (42.3)
1,991 (44.8)
1,081 (25.4)
58.5612.9
58 (18–92)

932 (52.9)*
1,688 (59.1)
2,732 (61.4)
1,855 (43.6)
59.5613.5
59 (18–98)

1,161 (65.9)*
1,924 (67.4)
3,021 (67.9)
1,980 (46.5)
58.8613.8
59 (18–95)

2,498 (18.8)*
10,787 (81.2)

1,269 (50.8)*
3,678 (34.1)

1,658 (66.4)*
5,543 (51.4)

1,785 (71.5)*
6,292 (58.3)

5,985 (44.9)*
7,336 (55.1)

2,310 (38.6)‡
2,642 (36.0)

3,262 (54.5)§
3,945 (53.8)

3,809 (63.6)*
4,277 (58.3)

2,189 (16.4)*
8,275 (62.1)
2,857 (21.5)

1,041 (47.6)*
2,857 (34.5)
1,054 (36.9)

1,523 (69.6)*
4,116 (49.7)
1,568 (54.9)

1,440 (65.8)*
4,796 (58.0)
1,850 (64.8)

2,933
1,083
5,862
3,443

(22.0)*
(8.1)
(44.0)
(25.8)

755 (25.7)*
279 (25.8)
2,815 (48.0)
1,103 (32.0)

1,172 (40.0)*
492 (45.4)
3,990 (48.1)
1,553 (45.1)

1,718 (58.6)*
587 (54.2)
3,820 (65.2)
1,961 (57.0)

1,012
2,180
4,735
1,343
4,051

(7.6)*
(16.4)
(35.5)
(10.1)
(30.4)

333 (32.9)*
943 (43.3)
2,267 (47.9)
657 (48.9)
752 (18.6)

498 (49.2)*
1,321 (60.6)
3,204 (67.7)
920 (68.5)
1,264 (31.2)

702 (69.4)*
1,566 (71.8)
3,115 (65.8)
902 (67.2)
1,801 (44.5)

5,526 (41.5)*
909 (6.8)
1,486 (11.2)
747 (5.6)
1,618 (12.1)
3,035 (22.8)

2,733 (49.5)*
283 (31.1)
549 (36.9)
290 (38.8)
283 (17.5)
814 (26.8)

3,810 (68.9)*
449 (49.4)
814 (54.8)
435 (58.2)
412 (25.5)
1,287 (42.4)

3,693 (66.8)*
531 (58.4)
1,000 (67.3)
475 (63.6)
858 (53.0)
1,529 (50.4)

1,648
2,554
3,150
5,969

(12.4)*
(19.2)
(23.6)
(44.8)

674 (40.9)*
1,080 (42.3)
1,232 (39.1)
1,966 (32.9)

934 (56.7)*
1,562 (61.2)
1,878 (59.6)
2,833 (47.5)

1,057 (64.1)*
1,662 (65.1)
1,935 (61.4)
3,432 (57.5)

7,207 (54.1)*
6,114 (45.9)

4,952 (68.7)
0

8,086 (60.7)*
5,235 (39.3)

4,952 (61.2)
0

4,982 (69.1)*
3,104 (50.8)
4,982 (61.6)*
2,225 (42.5)

SD, standard deviation; ACS, American College of Surgeons; NOS, not otherwise specified.
Data are n (%) unless otherwise specified.
Statistical analyses performed using x2 test or Fisher exact test.
* P,.001.
†
0.3% had unknown hospital.
‡
P,.002.
§
P5.402.
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Table 2. Multivariable Logistic Regression Analysis of Variables Associated With Adherence to Ovarian
Cancer Guideline Treatment
Overall Treatment
Factors

OR

Age*
Hospital volume
High
Low
Hospital type
ACS-approved
Not ACS-approved
Physician volume
High
Low
Unknown physician
Stage
I
II
III
IV
Grade
1
2
3
4
Not stated
Histology
Serous
Mucinous
Endometrioid
Clear cell
Adenocarcinoma, NOS
Other
Size (cm)
5 or less
5–10
More than 10
Unknown

95% CI

Surgery
OR

95% CI

Chemotherapy
OR

95% CI

1.02 (1.02–1.03)†

1.02 (1.01–1.02)†

1.03 (1.02–1.03)†

1.00
1.83 (1.66–2.01)†

1.00
1.60 (1.45–1.77)†

1.00
1.65 (1.49–1.82)†

1.00
1.09 (1.00–1.18)†

1.00
0.98 (0.90–1.06)

1.00
1.36 (1.26–1.47)†

1.00
1.19 (1.07–1.32)†
1.16 (1.02–1.32)†

1.00
1.62 (1.45–1.81)†
1.43 (1.25–1.64)†

1.00
1.01 (0.91–1.12)
0.73 (0.64–0.83)†

1.00
0.95 (0.80–1.13)
0.32 (0.28–0.36)†
0.42 (0.37–0.48)†

1.00
0.78 (0.67–0.91)†
0.25 (0.22–0.28)†
0.43 (0.37–0.48)†

1.00
1.03 (0.89–1.20)
0.57 (0.51–0.64)†
0.60 (0.53–0.68)†

1.00
0.75
0.72
0.74
2.09

(0.64–0.89)†
(0.61–0.84)†
(0.61–0.90)†
(1.75–2.49)†

1.00
0.78
0.65
0.70
2.05

(0.66–0.92)†
(0.56–0.77)†
(0.58–0.85)†
(1.74–2.43)†

1.00
0.93
1.37
1.29
2.75

(0.79–1.11)
(1.16–1.61)†
(1.06–1.56)†
(2.32–3.25)†

1.00
1.30
1.22
0.84
2.61
1.81

(1.10–1.54)†
(1.07–1.40)†
(0.71–1.01)
(2.24–3.03)†
(1.63–2.01)†

1.00
1.19
1.25
0.77
3.63
1.93

(1.01–1.41)†
(1.09–1.43)†
(0.64–0.92)†
(3.16–4.17)†
(1.74–2.14)†

1.00
1.35
1.01
0.80
1.03
1.46

(1.15–1.59)†
(0.88–1.16)
(0.67–0.96)†
(0.91–1.17)
(1.32–1.62)†

1.00
1.00 (0.87–1.15)
1.02 (0.90–1.17)
1.16 (1.02–1.31)†

1.00
0.87 (0.76–1.00)
0.81 (0.70–0.92)†
1.16 (1.02–1.31)†

1.00
0.97 (0.85–1.11)
1.13 (0.99–1.29)
1.09 (0.97–1.23)

ACS, American College of Surgeons; NOS, not otherwise specified.
Data are odds ratio (95% confidence interval).
* Treated as a continuous variable.
†
P,.05.

and independently predictive of National Comprehensive Cancer Network guideline–adherent care.
Low-volume hospitals were significantly more likely
to deliver overall ovarian cancer treatment that was
nonadherent to National Comprehensive Cancer Network guidelines (OR 1.83, 95% CI 1.66–2.01) compared with high-volume hospitals. The presence of an
American College of Surgeons–approved cancer program was associated with a higher likelihood of
proper overall treatment (OR 1.09, 95% CI 1.00–
1.18). Compared with high-volume ovarian cancer
physicians, low-volume physician status was independently predictive of treatment that was nonadherent to
National Comprehensive Cancer Network guidelines
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for surgery (OR 1.62, 95% CI 1.45–1.81) and overall
treatment (OR 1.19, 95% CI 1.07–1.32).
Univariable survival analysis revealed a statistically significant difference in disease-specific survival
between patients receiving adherent and nonadherent
National Comprehensive Cancer Network guideline
care for stages I–II (Fig. 2) and stages III–IV (Fig. 3)
disease. The 5-year disease-specific survival rates for
patients with early-stage disease receiving overall
treatment adherent and nonadherent to National
Comprehensive Cancer Network guideline care were
86.1% and 81.3% (P,.001), respectively. The 5-year
disease-specific survival rates for patients with
advanced-stage disease receiving overall treatment

OBSTETRICS & GYNECOLOGY

Survival probability (%)

Table 3. Cox Proportional Hazards Model for
Ovarian Cancer–Specific Overall Survival*

100
90
80
70
60
50
40
30
20
10
0

Factors

Nonadherence
Adherence
P<.001
0

10

20
30
40
Time (months)

50

60

Fig. 2. Ovarian cancer-specific survival for patients with
International Federation of Gynecology and Obstetrics
(FIGO) stage I and stage II disease (n54,016).
Bristow. Ovarian Cancer Quality Measures. Obstet Gynecol 2013.

Survival probability (%)

adherent and nonadherent to National Comprehensive Cancer Network guidelines were 34.9% and
25.6% (P,.001), respectively. Multivariable survival
analysis confirmed the known negative prognostic
effects of increasing age, higher FIGO stage, increasing tumor grade, and atypical histologic subtypes
(Table 3). After controlling for other variables, adherence of the overall treatment plan to National
Comprehensive Cancer Network guidelines was a
statistically significant and independent predictor of
improved disease-specific survival. Compared with
patients treated according to National Comprehensive
Cancer Network guidelines, patients receiving substandard care experienced more than a 30% increase
in the risk of ovarian cancer–related death (HR 1.33,
95% CI 1.26–1.41). Among provider characteristics,

100
90
80
70
60
50
40
30
20
10
0

Nonadherence
Adherence

P<.001
0

10

20
30
40
Time (months)

50

60

Fig. 3. Ovarian cancer–specific survival for patients with
International Federation of Gynecology and Obstetrics
(FIGO) stage III and stage IV disease (n59,305).
Bristow. Ovarian Cancer Quality Measures. Obstet Gynecol 2013.
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HR

95% CI

Age†
1.03 1.02–1.03‡
Hospital volume
High
1.00
Low
1.08 1.01–1.16‡
Hospital type
ACS-approved
1.00
Not ACS-approved
0.99 0.94–1.04
Physician volume
High
1.00
Low
1.18 1.09–1.28‡
Unknown physician
1.15 1.04–1.26‡
NCCN guideline treatment plan adherence
Adherence
1.00
Nonadherence
1.33 1.26–1.41‡
Grade
1
1.00
2
1.34 1.12–1.60‡
3
1.52 1.28–1.80‡
4
1.64 1.36–1.97‡
Not stated
1.99 1.67–2.36‡
Histology
Serous
1.00
Mucinous
1.58 1.38–1.81‡
Endometrioid
0.89 0.79–1.01
Clear cell
1.37 1.19–1.59‡
Adenocarcinoma, NOS
1.49 1.38–1.61‡
Other
1.37 1.28–1.46‡
Size (cm)
5 or less
1.00
5–10
0.98 0.89–1.09
More than 10
0.93 0.84–1.04
Unknown
1.16 1.06–1.27‡
HR, hazard ratio; CI, confidence interval; ACS, American College
of Surgeons; NCCN, National Comprehensive Cancer Network;
NOS, not otherwise specified.
* International Federation of Gynecologic Oncology stage is
treated as a strata rather than a covariate (model compares
time with ovarian cancer–related death among patients with the
same stage and generates a single weighted coefficient for other
factors in the model).
†
Treated as a continuous variable.
‡
P,.05.

both low-volume hospitals (HR 1.08, 95% CI 1.01–
1.16) and low-volume physicians (HR 1.18, 95% CI
1.09–1.28) also were significantly negatively associated with survival, independent of overall treatment
adherence to National Comprehensive Cancer Network guidelines.

DISCUSSION
Quality of care has been defined by the Institute of
Medicine as “the degree to which health services for
individuals and populations increase the likelihood of
desired health outcomes and are consistent with
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current professional knowledge.”17 Monitoring health
care quality is impossible without the use of clinical
indicators, which create the basis for quality improvement and prioritization in the health care system.18
The issue of quality in ovarian cancer care is not
new. However, previous research has consisted of
single-institution studies with limited applicability to
large-scale implementation or population-based studies with narrowly defined or untested quality criteria
not reflective of the entire continuum of care.2,19–23 A
unique feature of the current analysis is the integration
of the three domains of the Donabedian paradigm for
health care quality improvement (structure, process,
and outcomes) within a single population-based analysis. Specifically, our objectives were to validate
National Comprehensive Cancer Network ovarian
cancer guideline adherence as a quality process measure associated with improved outcome (survival) and
to identify structural health care characteristics predictive of adherence to National Comprehensive Cancer
Network guideline care.
The most obvious way to assess the quality of
cancer care is through direct outcome measures (eg,
morbidity and mortality rates, patient satisfaction, and
survival). However, direct outcomes are also the most
difficult and expensive to generate because of the
length of follow-up and detail of data required. As
a result, attention has generally focused on structural
and process measures of health care quality that can
be correlated with improved outcomes. In ovarian
cancer, process measures that detail the specific care
received include performance of comprehensive staging, maximal surgical cytoreduction, and administration of recommended chemotherapy.24 Individually,
these clinical indicators have been correlated with
improved outcomes; however, consolidation of both
surgical and chemotherapeutic indicators into a single
comprehensive quality measure of the overall treatment program is uncommon. In fact, only a few studies have evaluated the degree to which overall
treatment for ovarian cancer in the United States adheres to contemporary national standards of recommended care. For example, in 2003, Harlan et al25
described 1,167 ovarian cancer patients from the
SEER database in 1991 and 1996. These investigators
examined trends in surgery and chemotherapy
according to recommendations from the 1994
National Institutes of Health Consensus Development
Conference on ovarian cancer and found that in 1996,
56.2% of ovarian cancer patients were treated according to National Institutes of Health guidelines.
The only study specifically examining National Comprehensive Cancer Network guidelines for ovarian
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cancer was published in 2005 by Harlan et al26 and
included 504 patients from the SEER Patterns of Care
database and found that the proportion of patients
receiving guideline-adherent care ranged from
23.9% to 35.2%, depending on insurance status. This
study did not, however, correlate receipt of guideline
therapy with survival outcome.
Adherence to National Comprehensive Cancer
Network guidelines is attractive as a quality process
measure because it can provide a straightforward
comparison between what should be accomplished in
administering care and what is actually performed. The
current data represent a large-scale, population-based
study that consolidates both surgical and chemotherapeutic components of National Comprehensive Cancer
Network–recommended therapy into a single category
and indicate that adherence to National Comprehensive Cancer Network guideline care is a significant predictor of improved ovarian cancer–specific survival.
This finding represents an important and necessary initial step toward quality improvement by confirming the
validity (the degree to which an indicator measures
what it is intended to measure) of National Comprehensive Cancer Network ovarian cancer guideline care as
a viable quality process measure predicting improved
survival outcome.
Structural measures that reflect the physical characteristics and resources of the health care setting and
may correlate with both process and outcome measures
have been studied to the greatest extent in the field of
outcomes research. Of the various structural measures,
the number of procedures performed is the easiest to
measure and most frequently studied. Previous population-based studies have demonstrated superior clinical
outcomes for patients with ovarian cancer when treated
by high-volume surgeons and high-volume centers.7–10
Evidence also supports physician specialty or hospital
type as the dominant factors driving improved outcomes rather than procedure volume.27–29 Structural
indicators associated with National Comprehensive
Cancer Network ovarian cancer guideline adherence,
and therefore reflective of the overall continuum of care
(both surgery and chemotherapy), have not been extensively studied.
Using a structural measure for quality assessment
is possible only if the clinical indicator has been
shown to increase the likelihood of either a good
outcome or a process that has been shown to yield
better outcomes. The current data indicate that
ovarian cancer provider case volume may satisfy both
criteria. Furthermore, high-volume providers were
associated with a significant and independent positive
effect on patient survival, independent of National
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Comprehensive Cancer Network guideline care,
although the magnitude of the volume–outcomes
effect was smaller relative to the appropriateness of
treatment. These observations suggest that there are
other unmeasured factors contributing to the positive
volume–outcomes relationship in ovarian cancer (eg,
extent of residual disease, intensity of chemotherapy,
supportive care resources).
Strengths of the current 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
the data presented. First, this was a retrospective study
design using a population-based data set and is subject
to the inherent 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 influence both survival outcome as well as the
likelihood of administration of recommended care.
Such variables include the presence of medical comorbidities, the extent of initial disease and amount of
residual tumor, cumulative chemotherapy dose and
dose intensity, and management of recurrent disease.
Third, we were unable to perform a detailed analysis of
the surgical complexity among patients with advanced
disease. Higher surgical complexity predicts improved
long-term survival because of the correlation with
small-volume residual tumor among patients with
advanced-stage disease.30 A fourth potential limitation
is that we did not preferentially distinguish the
sequence of initial surgery or chemotherapy for
patients with advanced-stage disease, because both
are acceptable treatment plans according to National
Comprehensive Cancer Network guidelines. Previous
population-based studies have shown that initial surgery is associated with superior survival compared with
neoadjuvant chemotherapy, and that high-volume providers are more likely to undertake initial surgery.10
Finally, we were unable to examine the potential effect
of physician specialty, in addition to provider volume,
because this information is not captured routinely by
the California Cancer Registry.
Despite these limitations, several generalizable conclusions can be drawn from the current data. First,
adherence to National Comprehensive Cancer Network
guidelines for treatment of ovarian cancer is correlated
with disease-specific survival and may be a useful process
measure of quality cancer care. Improving adherence to
evidence-based processes that improve survival has been
cited as a key component of improving the quality of
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care for ovarian cancer.2 Second, ovarian cancer case
volume correlates with a higher likelihood of recommended care and improved survival and may be a useful
structural quality measure. Finally, the most sobering
finding from the current analysis is that slightly more
than one out of three women with ovarian cancer in
California received the recommended standard of care.
This observation underscores an unmistakable opportunity for quality improvement. Additional research is
needed to further define the reasons for deviation from
recommended care, adjust for variation attributable to
differences in medical comorbidities and performance
status, and develop appropriate risk-adjusted measurement models. Until such data are forthcoming, a logical
ovarian cancer quality improvement strategy should
include selective referral based on a combination of
structural indicators and performance-based process
and outcome measures, coupled with continuous efforts
to improve the overall quality of care by learning from
“top performers,” and accompanied by rapid implementation of best practices.21–23
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