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Abstract

Background—Ovarian cancer (OC) requires complex multidisciplinary care with wide
variations in outcome. We sought to determine the impact of institutional and process of care
factors on overall survival (OS) and delivery of guideline care nationally.

Methods—This was a retrospective cohort study of primary OC diagnosed from 1998 to 2007
using the National Cancer Data Base (NCDB) capturing 80% of all U.S. cases. Patient-
(demographics, comorbidities, stage/grade), process of care (adherence to guidelines) and
institutional- (facility type, case volume) factors were evaluated. Primary outcomes were OS and
delivery of guideline therapy. Multivariable logistic regression and Cox proportional hazards
models were used for analysis.

Results—We analyzed 96,802 consecutive cases. Five-year OS was 84%, 66.3%, 32% and
15.7% for stages I, 11, 111 and 1V, respectively. The annual mean facility case volumes varied by
cancer center type (range: 5.7 to 26.7), with 25% of cases spread over 65% of centers — all
treating fewer than 8 cases. Overall, 56% of cases received non-guideline care. Low facility case
volume and higher comorbidity index independently predicted non-guideline care; high volume
centers were less likely to deliver non-guideline care (OR: 0.44, 95% ClI: 0.41-0.47). Delivery of
non-guideline care (OR: 1.4, 95% CI: 1.36-1.44), and higher facility case volume (OR: 0.91, 95%
Cl: 0.86-0.96) were both independent predictors of OS.
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Conclusions—Delivery of guideline care and facility case volume are important drivers of
overall survival. Most cancer centers treat very few women with OC. National efforts should focus
on improved access to centers with expertise in OC and ensuring delivery of guideline care.
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Introduction

Methods

Epithelial ovarian cancer (OC) is the 5th cause of cancer death in women [1]. Advances
have improved survival rates including, development of subspecialty care; improved
surgical staging and adjuvant chemotherapy; improved rates of cytoreduction and use of
intraperitoneal chemotherapy [2].

National Comprehensive Cancer Network (NCCN) guidelines were established to establish
stage-specific standards of care [3]. Applying these guidelines is a crucial cost-effective
strategy to improve outcomes, but evidence suggests poor compliance with these standards.
For example, using medicare data, only 30% of ovarian cancer cases received standard
therapy for advanced stage OC (defined as receiving primary surgery and 6 cycles of
adjuvant chemotherapy) [4]. The Health Care Cost and Utilization Project demonstrated that
50% of women received inadequate staging: rates of debulking procedures were dependent
upon physician specialty and hospital volume [5]. Harlan et al. reported similar findings for
early stage disease [6]. Hospital and surgeon volume have remained consistent predictors of
oncologic surgical outcomes since the pivotal report by Begg et al. [7,8] including OC [9].

The National Cancer Database (NCDB) was developed by the American College of
Surgeons’ (ACoS) Commission on Cancer (CoC) and the American Cancer Society (ACS)
[10] to track outcomes from more than 1500 U.S. CoC-accredited programs. In the US,
nearly 80% of all OC cases are captured, allowing a broad analysis to examine current care
and foster recommendations for improved access, delivery and quality of care.

We sought to evaluate the patterns of OC care in the US to specifically define the influence
of patient and institutional factors on overall survival (OS) including the independent
relationship between volume and outcomes. We limited this analysis to invasive epithelial
OC to allow more focused conclusions.

Case ascertainment and definitions

This study received exempt status from the Institutional Review Board of Washington
University. Invasive epithelial OC diagnosed between January 1, 1998 and December 31,
2008 was identified from the NCDB by topography code C56.9; subjects and facilities were
de-identified in the public use file (PUF). Records were included if malignant, or the first of
two or more independent malignant primary tumors, and if either pathological or clinical
staging was known. Histology was classified as serous, mucinous, endometrioid, clear,
mixed and undifferentiated: grade was dichotomized as well/moderately differentiated vs.
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poorly/undifferentiated/anaplastic. Non-epithelial and borderline tumors were excluded. We
constructed an overall tumor staging variable that equals pathological staging: if missing or
improperly staged (e.g. not sub-staged into A, B, C) we used the clinical staging. Stages
were classified according to the International Federation of the Gynecologists and
Obstetricians (FIGO) system (1988) [11], briefly defined as: | — growth limited to the
ovaries; Il — growth with pelvic extension; 11l — peritoneal implants outside of the pelvis
and/or metastatic retroperitoneal nodes; 1V — distant metastasis.

The annual hospital OC volume was ranked into quartiles. Zip code of residence was
matched against year 2000 US census and Department of Agriculture data to estimate
median household income, percentage of residents with college degrees, and continuum of
rural/urban residence. Payer status was consolidated into six categories. Private insurance
included fee-for-service, health maintenance organization, or independent physician
association. Managed care insurance, TRICARE, and other military insurance were
considered Managed Care. Medicare included Medicare, including supplemental coverage.
Medicaid, Public Health Service, and other Federal programs were consolidated into
Medicaid. Patients without insurance were classified as not insured/self pay, and the
remainder classified as Unknown.

Statistical analysis

Descriptive statistics and chi-square tests were used to describe cases and centers.
Adherence to NCCN guidelines for OC was based upon stage specific recommendations for
surgical and chemotherapy treatment according to the time period of diagnosis taking into
account any changes in NCCN guidelines [3]. Surgery for advanced stage was considered
adherent to guidelines if it included oophorectomy with omentectomy, debulking procedures
including intestinal resection, or exenteration. Early stages (FIGO I-111B) required
examination of lymph nodes for adherent care. Chemotherapy was considered adherent if
NCCN-specified delivery of multi-agent chemotherapy occurred: the NCDB captures the
first cycle of chemotherapy regardless of location given, but does not include number of
cycles administered so this was not considered.

Independent predictors of adherence to NCCN guidelines for ovarian cancer care were
identified using multivariable logistic regression analysis. Data for the Charlson/Dayo
Comorbidity Index, a covariate in the logistic regression model, were available for patients
with tumors diagnosed from 2003 to 2007. Survival data were only available for 1998-2002
cases. Descriptive analyses were separated by the 2 eras of cancer diagnosis to compare
changes in the two time periods in the number of cases reported by facility types using
Tukey adjusted multiple comparisons of proportions [12]. Case fatality ratios and 95%
confidence intervals (Cls) based on facility type and hospital volume were reported.

a) For the survival analyses, we used life table methods and log-rank pairwise comparisons
for 5-year survival probability based on adherence to NCCN guidelines, annual hospital OC
volume and facility type (academic/research comprehensive cancer program (ACCP),
comprehensive community cancer program (CCCP), or community cancer program (CCP))
[13]. Hazard ratios (HRs) and 95% Cls were estimated from multilevel Cox regression
models [14]. Overall survival risk estimates were adjusted for age at diagnosis, diagnosis

Gynecol Oncol. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cliby et al. Page 4

era, and tumor characteristics including tumor stage, grade, and histology type. Multilevel
Cox regression model allowed adjustment for correlation of subjects within the same
facility.

Graphical methods were used to assure that the statistical assumptions for the multivariable
survival and logistic regression models were reasonable [12]. When the assumption of
proportional hazards being constant over time was questionable, a time dependent
interaction of In(time) was added to the model which then met the necessary assumptions.
Statistical significance was set to p < 0.05 and all analyses were performed using SAS 9.2.

Results

We identified 144,449 eligible cases and a total of 96,802 cases met study inclusion criteria,
with cases evenly distributed between the two intervals of analysis (n = 49,160, 1998-2002;
n = 47,642, 2003-2007). (Supplemental Fig. 1)

Overall characteristics and trends are shown in Table 1. There were minimal changes
observed in the mean age or income categories between time periods. We observed shifts in
payer mix: most significantly privately insured patients decreased from 19.4% to 12.9%,
while managed care increased from 28.4 to 35.5% (p < 0.001). We observed minor changes
in stage distribution, with the largest increase in unknown classification (6.8% to 10.6%, p <
0.001). Additional details of non-key variables are shown in Supplemental Table 1.

One-quarter of all OC patients receive treatment in very low volume centers (1-7 cases
annually, Table 1). There were differences between time periods, specifically, the number of
patients treated in the lowest volume centers decreased from 27% to 23.3% (p < 0.001).
Additionally, there were minor shifts away from community cancer care programs toward
academic/research cancer programs. When comparing cancer centers, the majority would be
considered very low OC volume centers. Specifically, 65% of centers (n = 636) treated 1-7
cases annually; 19% (n = 248) treated between 8 and 16 cases; 9.8% (n = 125) treated 17-28
cases; 5.5% (n = 70) treated more than 28 cases. Of note, cases from low volume centers had
to be excluded more often due to missing or inconsistent stage and grade elements (18% vs.
11%, p < 0.001).

To characterize centers more completely, we investigated the relationship between facility
type and case volume (Supplemental Table 2). While community cancer programs (CCP)
represented 37.6% of all reporting hospitals, they cared for only 12.3% of evaluable cases.
Conversely while less than 20% of programs were classified as academic/research
comprehensive cancer programs (ACCP), they cared for 43.1% of cases. The remaining
42.5% of hospitals were comprehensive community cancer programs (CCCP), treating
44.64% of cases. There was a decrease in the percent of cases seen in CCP/CCCP and a
corresponding increase in cases treated in ACCP. The mean case volumes were 5.7, 15.0,
and 26.7 in CCP, CCCP and ACCP, respectively. In community of non-comprehensive
cancer centers, 75% of programs treated fewer than 5 patients annually (Supplemental Fig.
2).
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Patients differed little with regard to comorbid conditions based on facility type (Table 2).
The Charlson/Deyo Comorbidity Index was not available within NCDB until the 2003—-2007
time periods. The vast majority of cases in all 3 facility types were reported as having either
zero or 1 comorbid conditions, with minor differences across facility type. Cases with a
Charlson/Deyo Comorbidity Index of 3 represented less than 1% of patients in all centers.
Given the minor changes in other demographic factors between the two eras, we made the
assumption that changes in the distribution of comorbidities were also minimal. In contrast,
the distribution by age groups (all years) seen in the 3 facility types differed significantly. A
greater percentage of women at CCP (non-comprehensive) was >75 years old (25.38% vs.
21.36% CCCP vs. 15.23% ACCP, p < 0.001), and conversely women <60 years old were
more often seen in academic centers (37.66% in CCP vs. 48.44% in ACCP, p < 0.001)
(Table 2). The rates of receiving NCCN guideline adherent care across centers varied from
30.8% to 49.1% (CCP vs. ACCP, respectively). Regarding stage and grade distribution
across centers, we identified a higher proportion of stage I11 cancers in academic centers
(48% vs. 44% vs. 38%, academic, comprehensive community and community, respectively).
However, when collectively considering stages Il and IV together which may be more
accurate given the limitations of the database, the percentage in the 3 center types is
amazingly similar at 73%. Correspondingly then, the frequency of stage I/11 cases
collectively is not different. There was a minimal difference in grade distribution across
center types.

Overall 5-year survival was available only for the 1998-2002 cohort and was 84%, 66.3%,
32% and 15.7% for stages I, 11, 111 and 1V, respectively. Case fatality ratios (CFR) were used
to compare survival by facility characteristics (Table 3). Unadjusted survival was strongly
associated with facility type overall, with significantly better CFR for ACCP. Adjusting for
NCCN guideline adherent care, the differences in CFR were smaller, though CFR remained
significantly better in ACCP. Overall, CFR were significantly worse for low volume centers
(0.66 vs. 0.58 for centers in the lowest volume quartile vs. highest quartile, respectively)
(Table 3c), and the association between CFR and volume was observed across all quartiles.
Importantly, the relationship between better CFR and higher volume persisted even after
adjusting for adherent care: specifically even when comparing only cases that received
NCCN guideline therapy, CFR was better in highest volume centers (Table 3d).

Predictors of OS are shown in Table 4. Age was an important patient specific factor that
independently correlated with improved survival (adjusted HR 1.28, 95% CI 1.24-1.33 for
60-75 years old and 2.09, 95% CI 2.0-2.20, for >75 years old). Not receiving NCCN care
was associated with worse OS (HR 1.40, 95% CI 1.36-1.45) and OS was best in highest
volume centers (HR 0.91, 95% CI 0.86-0.96). Five-year OS ranged from 34% to 42.1% for
lowest to highest facility case volume (p < 0.001, log-rank, Supplemental Fig. 3A). Tumor
specific factors independently associated with worse OS were increasing stage and grade.
Other independent factors for survival included nonwhite race and payor type. In examining
the fit of the multivariable survival model, we discovered that the effects were not constant
over time. This was particularly true for the effects of not receiving NCCN care where the
effect was most potent closer to treatment and was more muted over time (Supplemental
Fig. 3B). This was not unexpected given that the expected impact from the initial treatments
would be highest closest to those initial treatments. To model these changing hazard ratios

Gynecol Oncol. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cliby et al.

Page 6

over time we fit a multivariable model with an interaction of a time dependent effect of
In(time) with each factor. This model is shown in Supplemental Table 3 which demonstrates
that the impact is minimal for other factors.

We reasoned that adherence to guidelines is multifactorial, reflecting a center’s rigor with
regard to process, availability of subspecialty and multidisciplinary care, and inability/
refusal of some patients to tolerate standard therapy. The 2003-2007 data included
comorbidity index to examine predictors of adherent care (Table 5). Many of the same
factors observed to be important in OS were important for type of care, including age
(particularly >75 years old, adjusted HR 2.57, 95% CI 2.43-2.71) and non-white race. While
Charlson/Deyo Comorbidity Index was an important predictor of guideline care, its
influence was limited to just 3.7% of cases overall (e.g. those with index scores >2).
However, we observed strong and progressive associations between increasing case volume
and likelihood of receiving guideline care, independent of age and comorbidities. The
highest volume centers had an adjusted HR of 0.44 (range: 0.41-0.47) for administering
non-guideline care vs. lowest volume centers. These data demonstrate that both patient and
center factors are critical for the delivery of guideline care in OC.

Discussion

The strengths of this study, one of the largest patterns of care study in OC, include the use of
the most comprehensive dataset reporting long-term, stage-specific cancer outcomes
available. Our findings identify several opportunities for improvements that can be used to
inform policy makers, payors and health-care systems. Our data also provide important
insights into the design of relevant and controllable quality measures that can be used by
such groups to track quality.

First, survival has increased slightly for stage Il and Il disease when compared to prior
analyses. These results mirror the more limited SEER data comparing 1973-1997 trends [2].
Second, only 43% of cases receive NCCN guideline care, and this was independently
associated with worse survival. This low rate of adherence to guidelines has not changed
appreciably since earlier reports [6]. Third, facility case volume is an important independent
predictor for receiving guideline adherent care. Most centers treat fewer than 8 cases
annually: non-comprehensive community programs represent 37.6% of all centers but care
for only 12.3% of cases, and 50% of CCCP have annual case volumes of less than 12. While
specialty of treating provider was unavailable, we presume that low case volumes reflect
lack of gynecologic oncology subspecialty care. Finally, even after adjusting for receipt of
guideline care, case volume independently predicts OS. These findings suggest important
opportunities to improve access to, and delivery of, care nationally.

The present study of roughly 100,000 cases allows a detailed exploration of both patient and
process of care factors. In contrast to earlier studies, [15] we included only invasive OC
given their impact on mortality. Comparing national 5-year survival rates from the 1998
2002 cohort to the 1988 report shows improved survival for stage 11 (66.3% vs. 60.1%), and
stage 111 cases (32% vs. 27.3%) but minimal changes in stage | and IV disease. The real
differences are likely larger given the inclusion in the earlier report of lower risk subtypes.
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The number of approved cancer centers increased from 754 to 1279, with a shift toward
more comprehensive and academic cancer centers [15]. Thus, while fewer patients are now
cared for in non-comprehensive cancer programs compared to 1993 (12.3% vs. 32.3%),
there has been minimal change in median facility case volume. Two-thirds of all centers
providing initial management of OC treat 1-7 cases annually. There was a progressive trend
in median case volumes increasing from 5.7 to 26.7 dependent upon facility type. Given the
associations between case volume, OS and delivery of guideline care, this is an important
barrier to standards of care. Many challenges face patients and providers when deciding
whether to remain in a low-volume center instead of traveling to a center with more
experience. Not surprisingly, patients in community cancer programs tend to be older,
although the reported incidence of comorbid conditions was comparable across facility type.
Age often impacts decisions about type and aggressiveness of care. However case volume
remained a strong predictor of receipt of guideline care, irrespective of age. This
independent contribution of case volume suggests an important interaction between patient
factors and facility experience in managing complex cancer therapy overall — particularly
in elderly and sick patients. Multiple studies support the validity of concept that higher
volume of care and specialty treatment results in superior outcomes [16,5,9,17-19].

Targeting where patients receive care and ensuring delivery of guideline care should be a
high priority given their associations with outcomes. Low case volume was independently
associated with both survival and delivery of guideline care (which itself is a significant
correlate of survival). Currently less than half of all patients received guideline therapy.
These statistics have not changed since an earlier SEER data comparing 1991 and 1996 OC
outcomes [6]. These observations imply that case volume serves as a surrogate for lack of
subspecialty expert care, a point illustrated in a recent systematic review [20]. The authors
fairly addressed the complexities in determining the relative impact of hospital volume vs.
subspecialty care. The sub-specialization of the treating physician was the strongest factor
associated with superior outcomes, with institutional factors following a weaker but similar
trend. This is supported by a recent study by Phippen et al. who demonstrated excellent care
in a low volume gynecologic oncology unit [21]. The issues of facility type, case volume
and specialty care are intermingled and inevitably correlated to some degree. Our study
cannot assess the relative contributions of these factors.

The combination of rural demographics and rare disease makes specialized treatment locally
problematic. Other health systems made significant improvements by centralizing OC care.
Norway instituted a concerted effort toward centralization in 1995 and recently published
their 10-year experience [22]. Rates of OC being delivered in academic specialty hospitals
rose from an already impressive rate of 72% to 92% and demonstrated a stable increase after
the initial 3-year transition phase. Concomitantly, rates of appropriate staging (i.e. guideline
care) at centralized vs. non-centralized centers were 81% vs. 3%, respectively, and rates of
residual disease less than 1 cm were 71% vs. 15%, respectively. These findings were echoed
in the Netherlands where superior rates of staging and cytoreduction and improved OS were
seen for patients treated in specialized centers and by higher volume surgeons [23]. Most
recently Woo et al. summarized higher quality publications regarding centralization of care
for gynecologic cancers in a Cochrane review [24]. The authors concluded that women
receiving treatment at specialized centers, or centers with specialist care, had longer survival
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times and that the evidence was strongest for OC. These examples validate the concept that
adherence to care guidelines, quality, value and ultimately survival can be improved with
conscious efforts to treat patients in centers with expertise in this complex disease.

There are important limitations to our study. First, though externally monitored for quality,
there are inevitable reporting errors [25]. Second, a minority of OC cases are not treated in
CoC-accredited cancer programs, which could introduce minor selection bias. Third,
survival was available for 1998-2002, while data on comorbidity was available only for
2003-2007. While unlikely based on other demographic data, shifts in the percentage of
women with multiple comorbid conditions could impact outcomes for a minority of cases.
Fourth, residual disease cannot be assessed in this database. However, this would be
reflected as quality of care in terms of OS. Additionally, we have adjusted for critical
independent variables (stage, comorbidities and age). Also, the NCDB does not include
factors that impact the decision for nonstandard care: we adjusted for the most common
factors that might impact such decisions. Importantly, the limitations of complete data
captured in such large databases undoubtedly inflate the percentage of cases assigned to
non-adherent care, but these differences should apply similarly across centers. Finally, the
NCDB does not provide detailed data on the method of chemotherapy administration or
details on outpatient chemotherapy such as the number of cycles completed.

In summary, it is relevant to reflect on a recent editorial by Uziel Beller who wrote, “one of
the most important aspects of health care delivery for cancer patients involves the need for
centralization of treatment to high quality centers...It is indeed surprising that even patient
advocates of various malignant diseases do not appreciate the importance of the improved
quality of care administered through centralization” [26]. Our data suggest both need and
opportunity to improve access to expert subspecialty care and to raise the standards of care
nationally for OC.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

This project was written in conjunction with the Society of Gynecologic Oncology Outcomes Research Institute
and Outcomes Committee. William Cliby received support from NIH grant number: P50 CA136393.

References

1. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012. CA Cancer J Clin. 2012; 62:10-29.
[PubMed: 22237781]

2. Barnholtz-Sloan JS, Schwartz AG, Qureshi F, Jacques S, Malone J, Munkarah AR. Ovarian cancer:
changes in patterns at diagnosis and relative survival over the last three decades. Am J Obstet
Gynecol. 2003; 189:1120-7. [PubMed: 14586365]

3. Morgan RJ Jr, Alvarez RD, Armstrong DK, Burger RA, Castells M, Chen LM, et al. Ovarian
cancer, version 3. 2012. J Natl Compr Canc Netw. 2012; 10:1339-49. [PubMed: 23138163]

4. Thrall MM, Gray HJ, Symons RG, Weiss NS, Flum DR, Goff BA. Trends in treatment of advanced
epithelial ovarian cancer in the Medicare population. Gynecol Oncol. 2011; 122:100-6. [PubMed:
21496889]

Gynecol Oncol. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Cliby et al.

10.

11.

12.
13.
14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Page 9

. Goff BA, Matthews BJ, Wynn M, Muntz HG, Lishner DM, Baldwin LM. Ovarian cancer: patterns

of surgical care across the United States. Gynecol Oncol. 2006; 103:383-90. [PubMed: 17005244]

. Harlan LC, Clegg LX, Trimble EL. Trends in surgery and chemotherapy for women diagnosed with

ovarian cancer in the United States. J Clin Oncol. 2003; 21:3488-94. [PubMed: 12972525]

. Begg CB, Cramer LD, Hoskins WJ, Brennan MF. Impact of hospital volume on operative mortality

for major cancer surgery. JAMA. 1998; 280:1747-51. [PubMed: 9842949]

. Derogar M, Sadr-Azodi O, Johar A, Lagergren P, Lagergren J. Hospital and surgeon volume in

relation to survival after esophageal cancer surgery in a population-based study. J Clin Oncol. 2013;
31:551-7. [PubMed: 23295792]

. Bristow RE, Palis BE, Chi DS, Cliby WA. The National Cancer Database report on advanced-stage

epithelial ovarian cancer: impact of hospital surgical case volume on overall survival and surgical
treatment paradigm. Gynecol Oncol. 2010; 118:262-7. [PubMed: 20573392]

National Cancer Database. Chicago: American College of Surgeons; http://www.facs.org/cancer/
ncdb/index.html

Pecorelli S, Benedet JL, Creasman WT, Shepherd JH. FIGO staging of gynecologic cancer. 1994—
1997 FIGO Committee on Gynecologic Oncology. International Federation of Gynecology and
Obstetrics. Int J Gynaecol Obstet. 1999; 65:243-9. [PubMed: 10428343]

Zar, J. Biostatistical analysis. 4. Pearson; 1999. p. 929

Kleinbaum, D. Survival analysis: a self-learning text. New York: Springer-Verlag; 1996.

Cox D. Regression-models and life-tables. J Roy Stat Soc. 1972; 34:187-220.

Partridge EE, Phillips JL, Menck HR. The National Cancer Data Base report on ovarian cancer
treatment in United States hospitals. Cancer. 1996; 78:2236—46. [PubMed: 8918420]

loka A, Tsukuma H, Ajiki W, Oshima A. Influence of hospital procedure volume on ovarian
cancer survival in Japan, a country with low incidence of ovarian cancer. Cancer Sci. 2004;
95:233-7. [PubMed: 15016322]

Kumpulainen S, Sankila R, Leminen A, Kuoppala T, Komulainen M, Puistola U, et al. The effect
of hospital operative volume, residual tumor and first-line chemotherapy on survival of ovarian
cancer — a prospective nation-wide study in Finland. Gynecol Oncol. 2009; 115:199-203.
[PubMed: 19695688]

Paulsen T, Kjaerheim K, Kaern J, Tretli S, Trope C. Improved short-term survival for advanced
ovarian, tubal, and peritoneal cancer patients operated at teaching hospitals. Int J Gynecol Cancer.
2006; 16(Suppl 1):11-7. [PubMed: 16515561]

Tingulstad S, Skjeldestad FE, Hagen B. The effect of centralization of primary surgery on survival
in ovarian cancer patients. Obstet Gynecol. 2003; 102:499-505. [PubMed: 12962932]

du Bois A, Rochon J, Pfisterer J, Hoskins WJ. Variations in institutional infrastructure, physician
specialization and experience, and outcome in ovarian cancer: a systematic review. Gynecol
Oncol. 2009; 112:422-36. [PubMed: 18990435]

Phippen NT, Barnett JC, Lowery WJ, Miller CR, Leath CA 1I1. Surgical outcomes and national
comprehensive cancer network compliance in advanced ovarian cancer surgery in a low volume
military treatment facility. Gynecol Oncol. 2013; 131:158-62. [PubMed: 23872110]

Aune G, Torp SH, Syversen U, Hagen B, Tingulstad S. Ten years’ experience with centralized
surgery of ovarian cancer in one health region in Norway. Int J Gynecol Cancer. 2012; 22:226-31.
[PubMed: 22080889]

Vernooij F, Heintz AP, Coebergh JW, Massuger LF, Witteveen PO, van der Graaf Y. Specialized
and high-volume care leads to better outcomes of ovarian cancer treatment in the Netherlands.
Gynecol Oncol. 2009; 112:455-61. [PubMed: 19136148]

Woo YL, Kyrgiou M, Bryant A, Everett T, Dickinson HO. Centralisation of services for
gynaecological cancer. Cochrane Database Syst Rev. 2012; 3:CD007945. [PubMed: 22419327]
Winchester D, Stewart A, Phillips J, Ward E. The National Cancer Data Base: past, present, and
future. Ann Surg Oncol. 2010; 17:4-7. [PubMed: 19847564]

Beller U. Editorial. Int J Gynecol Cancer. 2012; 22:177. [PubMed: 22274311]

Gynecol Oncol. Author manuscript; available in PMC 2016 January 01.


http://www.facs.org/cancer/ncdb/index.html
http://www.facs.org/cancer/ncdb/index.html

1duosnuepy soyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuep Joyiny

Cliby et al.

Gynecol Oncol. Author manuscript; available in PMC 2016 January 01.

Page 10




Page 11

Cliby et al.

§6°¢¢ 286'CT L€9¢ S09'vT Y9'v¢ 185'/¢ Al 3bes
76°8€ 0€0°ze 25'6€ 888'TC €268  BI6'EY 111 8be1s
689 668€ 0g’L [440i% 60°L V6L 11 9be1s
€891 T¢S6 S0'8T G666 eV’ LT 9TG'6T | abeis
1000™> abess Jown
S913S1J319R.IRYD Jown |
8’z YOI €Ly 8792 65 4404 umou{un snyels aaueinsul :BuissIy
LTy 09¢¢ 89'¢ 7861 88'¢ ey Aed J|as — painsul 10N
16’7 8.12 00'% (4 'y 1661 991AJ8S Y3[eay d1jgnd/swelfold asueinsul [eapay/predlpain
¢5'Ge G60'02 8€'8¢ 8T.L'ST 66°T€ €18'GE Areniw/3y vy L/esed pabeuey
86°6€ 819'¢e 26'6€ 60T'22C G6'6E  LTl'WY syuswia|ddns aJedlpalu/aIedlpain
¥6'CT TeeL 6€'6T 8¢.'0T €197 650'8T 8oURINSUI BYeAlld
T000"> sisoubelp 1e Jaked Atewiid
€29 [44s1 0¢€'s €€6¢ 10°S G579 Buissiin
L6'LC 928'GT 05'6¢ LEE'IT €8¢ €9T'CE 000'Ge$>
15'9¢ 2€0'ST ¢0'Le G96'7T 6.°9¢ 166'62 666'SY$—000'GES
€C'6€ 96T'CC 81'8¢ SyT'Te T.°8¢ Tve'sy +000'9v$
T000™> 000Z — 3woaul pjoyasnoy ueips|A
09T 906 [ G/9 A 1897 umounun
fa o) 9685 17’6 ¥12S 266 0TT'TT SUBdLIBWY UedLIY
86'/8 vLL'6Y LE'68 T6Y'67 99'88 G9Z'66 UM
T000"> aoey
€€°0¢ 20S'TT L2'0C 922’11 0€'0¢ 8cL'te sleak G/ <
¢0'9¢ LLE'02 9C'LE 9€9'0¢ €9°9¢ €T0'TY sieak G/—09
T000"> S9'EY 169'72 Ly'ey 8TG'€C LOEY GTC'8y s1eak 09>
65090  ¢6°€T 1229 (4348 ez €0VT 6229 (@s ‘ueaw) sby
SONIS1IB1OBIRYD JUBlIed
% N % N % N
enjeA-d  7002-€00¢ Sisoubelp J0 el 2002-866T SISOUBEID Jo el v 10308} Ysiy

((956'TTT = N) (L00Z-£00Z ‘2002—866T) SISOUBEIP JO €19 UO Paseq 10Y0d Jadued Uelieno [erjayida aAlseAul gaON J0j sonsiels aAnduosaq

Author Manuscript

Author Manuscript

T alqel

Author Manuscript

Author Manuscript

Gynecol Oncol. Author manuscript; available in PMC 2016 January 01.



Page 12

Cliby et al.

00°00T 91595 00°00T 08€'sS 00'00T 9G6'TTT [el0L
VAN 44 166'7C 16TV A YA SO'SY 20z'sy (s483ud2 J32URD BAIsUayaldwod pareubisap-1DN sapnjoul) welboid ydaseasal/olwapedy
(4444 L70'Se L0°GY 096'vC Y9'vy 1166V weiBoud Jadued AHUNWIWOD dAISUBYRIAWOD
19'TT 8959 20€T 602. 1€t L1L'ET welboud Jsoued Anunwwo)

T000"> adAy Aypioed
¢8'Ge 0T9'vT Leve BEV'ET §0'G¢ 670'82 1eak/sased 6z
§8'GC €291 98'€C 9TZ'eT 18vC  6€8'LC Teakjsased gz—/T
L0'S¢ 28T'YT S8'v¢ 79.L'€T 96'7¢ 9v6'LC JTeak/sased 9T-8
9z'ee TOT'ET ¢0'Le T96'vT (4814 2er'se Jeak/sased /T

T000> Jeak/aWN|oA Jaoued uelieno [eNdsoH
LL'E YETC 06'T TSOT 8¢ G8TE pabess Aadosdwy
100 JAS €00 91 S0°0 €9 VN
95°0T €165 €89 €8/€ L8 96/6 MNN
% N % N % N

anfeA-d  Z002—€00¢ Sisoubelp Jo 43 Z00Z—-866T SIsoubelp jo ed3 1\4 40308} MS1y

Author Manuscript

Author Manuscript

Author Manuscript Author Manuscript

Gynecol Oncol. Author manuscript; available in PMC 2016 January 01.



Page 13

Cliby et al.

00'00T 6LL'€. 00°00T 0gL'€E 00°00T 80€'ce 00°00T il [eloL
€6°99 v9'8y 61,9 299'ce €199 9eT'TC 1219 53744 onse|deue/parenualayipun/Ajiood
107 8eT'sz  18°CE 890'TT 1Zve ZL0'TT €188 866¢ (31) perenuaisyip Ajsrelspow/|jam

apesb Jown

00°00T 20896 00°00T L19°Cy 00°00T 96.'cy 00°00T 62€'TT lelol
098¢ /8G'/¢ 9¢'Se 2es'or G.°6¢ €eL'eT 69°GE 43014 A\
LE°GY 8T6'ey  Ov'8y 159'0¢ 0c'vy 9T6'8T GE'8E <1294 1
0C'8 6L 80'8 8Yve €8 295€ [44] T€6 1]
€6°LT 9S€'.T 9T'8T 0S.L cLLT G8GL ¥8'LT Te0e |

abels Jown

00°00T 20896 00°00T L19°Cy 00°00T 96.'cy 00°00T 62€'TT lelol
G2°99 6E6'vS  06°0S T2L'1e 0€°69 08g'se 6769 8€8L Jualaype-uoN
T4 €98'Ty  OT'6Y 956'0¢ 007 9TY'LT 18°0€ T6v€ JuaIsypv

2189 J0 SaU13pING NDDN 01 3UaIBYpe |[eJan0

00'00T 20896 00°00T 119'Ty 00°00T 96L'Ch 00°00T 62€'TT leloL
€T'6T ¥IS'8T  €2°GT 8679 9€'T¢ 16 8€'G¢ §/8¢ sieak G/<
€C°LE 609 ¥E'9E 80S'ST 67°8¢ yre9T 96°9¢ 18TV sieak G109
R4 6ve'cy  vy8y 1.9'0¢C Sv'ov TTELT 99°LE L9¢y s1eak 09>

aby

00°00T ¢v9‘'Ly 00°00T 069'TC 00°00T 60.2'0C 00°00T Eves lelol
€L°0 LVE 190 [43 180 897 06°0 Ly €
S6°C L0VT 8G'¢C 699 e 0.9 or'e 8.7 4
LEVT 8789 L9'ET §96¢ 81T ¥.0€ A1) 608 T
¥6°18 0v0'6E  ¥T'E8 7€0'8T 718 16L'9T 8¢°08 60¢y SalIp1qIow-03 ou 0

xapu| Apigiowo) oAsg/uos|ieyd

% N % N % N % N
|e101  weaboad ydaesss/olWwspedyy  weaboad dsdued AJiunwiwod sAlsuaysidwod  weaboad a8dued Ajlunwiwod

80K L Awjioeq

"(Looz

—866T) SN1LIS JUsWIRa] 01 ddualaype pue abe ‘(2002—-£002) xopu| Alpigiowo) oAa@yuos|ieyd Jo swual ul D03 Buneal) sadAl Anji1oe) Jo suosuredwo)

Author Manuscript

¢ ?olgel

Author Manuscript

Author Manuscript Author Manuscript

Gynecol Oncol. Author manuscript; available in PMC 2016 January 01.



Page 14

Cliby et al.

‘9SE3SIP IBAI| 849A8S 10 dJelapowl g

"aseasip [eual ‘eiba)deled Jo eibajdiway ‘suoiealjdwod 21uoIyd YHm salagelp ‘salagelp (g

*35BaSIP JOAI PlIW ‘ANd ‘Y ‘AdD ‘elusWap 3seasIp J.jnoSeA0.]ala) ‘aseasip Jejnasea [esayduad ‘4HD ‘TN iT

Author Manuscript

*$8111PIGIOW-02 OU 0

2

q

e

:xapu| Apigiowod oAs@/uos|eyD ‘T

Author Manuscript

'SAlON

Author Manuscript

Author Manuscript

Gynecol Oncol. Author manuscript; available in PMC 2016 January 01.



Page 15

Cliby et al.

Author Manuscript

/2650 06950 60850 ¢G99  ¢c6e Jeak/sased 9z
GGT9'0  G06S'0 0E09'0 GEBS  6.5€ Jeak/sased Gz—GT
S/19'0 /6850 LE09'0 L¥8F  9¢6C leak/sased 1/
ver9'0  CI190  69¢9'0 ¢SLE  ¢Se€e leak/sases 9-T
Jdaddn  1amon]

10 %56 Y40 [e10l  pesd  Z00Z-866T Jeak/awin|oA ased 130ued Uelieno [elidsoy abetany

(2002—866T) XY 01 8dUBIBYPE pue JesA/sWN|OA 8Sed 18dued UeleAo [eyidsoy abetane Aq olyea Alifele) ased (p)

€885°0 80,50
86090 €¢65°0
¥7619°0 02090
6¥99'0 18¥9°0

96.50 9T¥'CT
0T09'0 9YT'eT
L0190  002°CT
9959'0 86€£'CT

96TL
00€L
1svL
or18

Jeak/sased 9z
Jeak/sased GZ-ST
Jeak/sased -/

Jeak/sesed 9-T

Jaddn  Jamo

10 %S6

440  [el0l

pead

2002-866T 1eak/aWN|OA 85BD 180URD URLIBAO [elldsoy abelany

(2002—866T) 4e8A/aLUN|OA 8SED 480URD URLIBAO [el1dsoy abedsae AQ o1reu Alljele) ased ()

€9l|qel

Author Manuscript

L1650 92/G6°0 22850 06E0T 6¥09 WwesBoud J9oued Uo1easal/olapedy
00£9'0 86090 66790 LTO6 065G Weiboud Jaoues Anunwiwiod aAisusyaidwo)
68¢9°0 ¢¥89'0 L9090 6.8T orTT wesBodd Jaoued ANunwwiod
Jaddn  J1smon)

1D %56 440 [el0oL  peeq adAy Ayjioe4

(2002—866T) XY 01 9duaIByPE pue adAY A)

e} Ag onjes Alljered ase) (a)

9v650 CI8S0 6850 /86'0z 8EETT wesBoid Ja0ued Y21easal/olapedy
GEEY'0 L0290 T/Z90 180'CC TSB'ET  wesboud Jeoued AHUNWWOD sAIsuayaIdwOoD
92590 €829°0 SOY9'0 9809  868E wesBodd Jeoued ANunwwiod
Jaddn  1amoT

1D%S6  ¥40 [el0L  pesd adA1 Ao

(2002-866T) adA1 Aujioe) Aq one. Ayjere) ased (e)

Author Manuscript

"aWNJOA [elIdsSoy pue ‘suollepuaWILIOdal 3Jed auljapinb 01 aoualaype ‘adAl Allji1oe) Ag oney Alljele ased

Author Manuscript

Gynecol Oncol. Author manuscript; available in PMC 2016 January 01.



Page 16

Cliby et al.

Jusisjesy Juslsjey  ¥6'9¢ vve'eT parenuaiap Ajoresspowy|iam

apelb Jown |
860'0T €688 9/¥'6 ¢vSecT v.I0TT G8LTT  T1L'6C S09'vT A\l 8beis
029 9T9'9 788G ¢CI89 0709 66€9 CSVY 888'TC | abeis
€1e¢ €96'T TETC €19¢ 80¢°¢ cov'e  2e8 oy 11 8be1S
Jusisjay Juslsjey  ¥S'LT G298 | 9beis

abels Jowny

SofIs1R1oR Reyd Jowin
v’ C¢9e'T eoV'T  TOET ¥8¢'T ¢ceT  0L99 v.8'/2 ON
Jusisjesy Juslsjey  OE'EV 982'12 SSA

Xy 10§ Saul[apING NODN 0} dduaIaUpY
¢SeT T00°T 6TT'T 2997 €eeT 8EV'T L¥v'Y S6TC umouxun snjeis aoueansuj
T6€T TLTT 9/¢'T 86¥'T 18¢'T G8E'T G9°€ 277" AKed yjos —paunsut JoN
SGET  LLTT €9ZT ¥8ST  G8ET T8¥'T 96'€  6¥6T  9dIAJSS Lieay dljgnd/swelfoud soueinsul [esapay/predlpaiN
850'T ¢86°0 6T0T 9907 8860 9¢0'T €6'8¢ 1221 Arenjiw/3dvoly 1/3/ed pabeueiy
68¢'T 98T'T 9€¢’'T 0€C¢ ¢80¢ GGT'C  0OV'6E TLE'6T Ssjuswa|ddns asedtpaw/eedlpaiN
JUETEIEN a1y 69'6T 0896 30UeINSUI 8YeALId

uoleWIOUI Jaked
12CT T00°T 80T'T LZT'T 8060 ¢l0T TCT 16S umouxun
T9¢'T 6vT'T ¥0¢'T TO0ET L9T'T ¢eC'T 626 895 SIUYM-UON
Jusisjay Jusisjey  6¥'68 S66'EY SaUYM

aoey
S6T'C 666'T G60C €8E€ GaT'e 192°€ G261 €976 G/<
GeeT ove't 28C'T 967 Y0L'T 0SL'T 98 079'8T G/-09
Juslsjsy Juslsjey  68'CY 180'T2 09>

(sreak) oby

SolIs1ie1oe ey Jusired

Jaddn  Jsmon] Jaddn  J4smom]
10 %G6 dH paisnipy 1D%G6 dH pasnipeun 9% N 10108} sy

Author Manuscript

'(2002-866T) 10U GADN UIYIM DO 40} [EAIAINS |[EISAO JO SI01I1Paid
v 9|qel

Author Manuscript Author Manuscript Author Manuscript

Gynecol Oncol. Author manuscript; available in PMC 2016 January 01.



Page 17

Cliby et al.

'50°0 > d 0} papjog soley pIezeH

00°00T  09T'6Y [e10L
960 8480 0T6'0 S.L0 ¢0L'0 8.0 9¢'S¢ 9T¥'eT JTeak/sased 9z
996°0 9180 0¢6'0 Te80 T1S2°0 G8.°0 TLV¢ 9rT'eT Jeak/sased Gz-GT
000T  ZTI60 G56'0 9880 €180 8780 Z8Y¥C  00CCT Teak/sased yT-,
JUETEIEN IRy 2T'S¢  86£°CT Jeak/sased 9-T

(2002—866T) Jeak/aWN|OA ased 18dued UelieAo [eldsoy abesany
YITT 9660 ¥S0T G2€T  06T'T 9G2'T 8€C¢T 9809 welboud 1oued Ajunwwio)d
T90'T 0860 020T 69T'T 080T YTl E6vY 180'C2 weuBoid 4ooued AyUnWIWIOd dAIsUaYaIdwoD
JUETETEN JusIRY 692y 186'02 welBoid Jaoued YdIeasal/olwapedy

adAy Apioeq

sofs1eloe reyo Ay 1oed
T€ST 9TV'T YT 9VCE 186'C YITe  T1'TC 8.€'0T Bursstin
et 69T'T 00C'T 0887 el 98.T S6'TS 8€S'6e onse|deue/parenualayipun/Aji0od

Jeddn  aemoT] Jeddn  aemoT]
10 %G6  dH pasnlpy 1D %G6 dH pasnlpeun % N 40308} MS1y

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Gynecol Oncol. Author manuscript; available in PMC 2016 January 01.



Page 18

Cliby et al.

'G0"0 > d Jo pap|og soley prezeH

00'00T ¢v9'Ly leloL
L9¥°0 TTv'0 8er’'0  ¥6€0 ¥S€°0 €LE0 98¢ 6€8'TT Jeaksased /2=
L¥S0 S87°0 G190 €810 SEV'0 86’0 0¢'S¢ 500CT Teak/sased 9z—L1
€0L°0 ¥29°0 2990 ¢€90 895°0 6650 0TS¢ 096'TT JTeak/sased 9T-8
Walagey Wwaleged  G8'vZ  8E8'TT JTeak/sased /-T

(2002—866T) Jeak/aWIN|OA 3SEI J9JURD UBLIBAOC |eYIdsoy abelany
€6CT  L0TT I6T'T 182C 900¢C 6ET'C O00TT  €VCS weiboud 190ued Aunwwo)d
6TT'T 920'T TL0T Lvv'T oveE'T C6ET  LV'EV 60.'0z  WesBodd JaouDd ANuUnwWwiod eatsusyaiduiod
SUETETEN| Waleey  €SSF  069'TZ wesBoud Jaoued UYaIeasal/olspedy

adAy Aypioe4

sols1eR YD A e
12583 956'T 896¢ T.0V e YETE €L0 A% €
S09'T 99¢'T 9r'T  196'T G99'T ¥SL'T  S6C L0VT 4
0€CT ¢0T'T Y9T'T  9SET Teet 18CT LEVT 87789 T
Walaley Wwalsey  ¥6'T8  OV0'6E 0

xapu| Apigiowo) oAeq/uos|ieyd
€LGT L9T'T GG€'T 16T 696°0 T¢TT 091 €9/ umouxun
Tt €9C'T GEET VET 68T'T ¥9¢'T 120T 298y SIUYM-UON
Jusiajay Juslajay  61°88 LT0'Cy SaUYM

aoey
1474 9ev'e 998C  186'C §19°¢ G¢8'¢  006T 1506 G/<
0Tt TEO0'T S.0T 99T'T 90T 0¢T'T 899¢€ 62v'LT G/-09
Jusiajey usisey  cv'vy 29T'12 09>

(sreak) oby

SolIs1ie1oe ey Jusired

Jaddn  Jemon Jaddn  Jemon
1D %G6 O pasnipy 1D%G6 dO pasnipeun 9% N 10108} sy

Author Manuscript

Author Manuscript

"(2002—-£002) 2480 180URD UBLIRAO 10§ SaUI[apING NDDN 01 80UaJaypeuou Jo SI0191Paid

G 9lqel

Author Manuscript

Author Manuscript

Gynecol Oncol. Author manuscript; available in PMC 2016 January 01.





