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Abstract

Objective—Primary cytoreduction for ovarian cancer often requires extended radical procedures 

and is associated with significant morbidity. In 2010, neoadjuvant chemotherapy was shown to 

have similar survival to primary cytoreduction but with less need for radical surgery. We 

hypothesized that the increased use of neoadjuvant chemotherapy would decrease the use of 

radical cytoreductive procedures and thus examined trends in the performance of radical 

cytoreductive procedures.

Methods—We used the Nationwide Inpatient Sample (NIS) to determine the annual number of 

extended procedures (colon, small intestine, liver, diaphragm, spleen, and gastric resection, 

ileostomy, colostomy) performed in women undergoing surgery for ovarian cancer from 1998–

2013. Estimates were weighted to provide national averages. To account for changes in incidence 

over time, we used national incidence rates and report procedures performed per 1000 new cases 

of ovarian cancer. Trends were assessed using Cochrane-Armitage tests.

Results—We identified 274,639 ovarian cancer patients who underwent surgery, ranging from 

15,720 to 18,714 procedures performed each year. We identified significant increase in the use of 

extended procedures over this time period. These differences were significant for absolute 

numbers of procedures, rate per 1000 new ovarian cancer cases, and percent per 

hysterectomy/BSO for rectosigmoid resection, diaphragm resection, splenectomy, ileostomy, and 
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liver resection. Specifically, the use of these procedures rose from 1998 to 2010, declined in 2011, 

and rose again in 2012 and 2013.

Conclusions—While there was a transient decrease in the use of extended cytoreductive 

procedures from 2010 to 2011 after the publication randomized neoadjuvant trial data, use of these 

procedures again rose in 2012 and 2013.

Introduction

It is well established that complete surgical cytoreduction to microscopic disease is the best 

predictor of progression-free and overall survival in patients with advanced stage ovarian 

cancer.1–4 However, extensive procedures required for optimal cytoreduction are often 

associated with significant morbidity and mortality.5,6 Following cytoreductive surgery, 

many patients do not receive chemotherapy or they experience a delay in the initiation of 

chemotherapy, which adversely affects survival.7 Because of the morbidity associated with 

cytoreductive surgery, neoadjuvant chemotherapy (NACT) has been utilized in patients who 

are poor surgical candidates, have high perioperative risk profiles, or have a low likelihood 

of achieving cytoreduction to <1cm of residual disease.8 Advocates of NACT argue that it 

may also allow for an assessment of chemotherapy response, which may identify platinum 

resistant disease that confers poor prognosis and high risk of recurrence regardless of 

surgical intervention.9

To date, two phase III clinical trials have evaluated the use of NACT in advanced stage 

ovarian cancer. The European Organization for Research and Treatment of Cancer (EORTC) 

and the Chemotherapy OR Upfront Surgery (CHORUS) studies suggested that NACT 

increases the likelihood of complete cytoreduction, decreases the need for extensive 

procedures, decreases perioperative morbidity, and has similar progression-free and overall 

survival outcomes compared to primary cytoreductive surgery.10–12 The use of NACT 

appears to be increasing, as recently published data utilizing the National Cancer Database 

demonstrated that the use of NACT in advanced-stage ovarian cancer increased from 8.6% 

in 2004 to 22.6% in 2013 (p<0.001). The increase in NACT was most pronounced in older 

women.13 Given these results, the Society for Gynecologic Oncology and the American 

Society for Clinical Oncology released a joint statement recommending that NACT be 

considered in patients with advanced stage disease who have a low likelihood of achieving 

optimal cytoreduction (to <1 cm of residual disease, ideally no gross residual disease) or 

who are poor surgical candidates.8

Although the use of NACT is increasing, little is known about how this has impacted the 

surgical patterns of care for women with ovarian cancer. We hypothesized that increased use 

of NACT would reduce the need to perform extended radical procedures on the 

gastrointestinal and genitourinary tracts in women with ovarian cancer. We performed a 

population-based analysis to examine the use of extended cytroredctive procedures among 

women with ovarian cancer before and after the release of phase III NACT data.
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Methods

Data from the Nationwide Inpatient Sample (NIS) were used for this analysis. The NIS is an 

inpatient care database developed for the Healthcare Cost and Utilization Project through the 

Agency for Healthcare Research and Quality. It is the largest publicly available all-payer 

inpatient database in the United States, containing a random sample of up to 20% of all 

hospital discharges throughout the U.S. It provides data from approximately 7 million 

hospital stays annually, yielding more than 35 million national weighted estimates.14

We examined the number of concomitant extended procedures performed in women who 

underwent inpatient hysterectomy, bilateral salpingoophorectomy (BSO), or debulking 

procedure for a diagnosis of ovarian, fallopian tube, or peritoneal cancer from 1998–2013. 

Diagnoses and procedures were categorized by their International Classification of Diseases, 

9th Revision, Clinical Modification (ICD-9-CM) coding (Supplemental table). The study 

population included women with ovarian, fallopian tube, or peritoneal cancer, who 

underwent hysterectomy, salpingoophorectomy or cytoreduction. The extended procedures 

analyzed included small bowel resection, colon resection, rectosigmoid resection, liver 

resection, bladder resection, diaphragm resection, splenectomy, gastric resection, ileostomy, 

and colostomy.

Clinical and demographic characteristics included age (<40, 40–49, 50–59, 60–69, 70–79, 

≥80 years), race/ethnicity (white, black, Hispanic, other/unknown), year (1998–2013), 

median household income of residents in a patient’s zip code (low, medium low, medium 

high, high, unknown), and insurance status (Medicare, Medicaid, private, self-pay, other/

unknown). Comorbidity was measured using the Elixhauser comorbidity score 15 and 

classified as 0, 1, or ≥2. Hospital characteristics included hospital bed size (small, medium, 

large, unknown), location, and teaching status (rural, urban non-teaching, urban teaching, 

unknown), and region (northeast, midwest, south, west). Cutpoints for the classification of 

hospital bed size as small, medium or large vary for each region of the country as well as 

based on urban/rural location and hospital teaching status.

The primary objective of this study was to examine trends in the performance of extended 

procedures over time as the use of neoadjuvant chemotherapy increased in the U.S. The 

EORTC’s trial of neoadjuvant chemotherapy was published in 2010.10 We examined trends 

in the use of each procedure from 1998 to 2010 and from 2011 to 2013 after these data were 

available.

National estimates of the number of extended procedures performed were derived from NIS-

provided weighted estimates.14 Starting with 2012, discharges were sampled from all 

hospitals representative of the population on unidentified hospital, hospital Census division, 

urban/rural location, bed size, ownership, teaching status, beds, diagnosis-related group and 

admission month of the hospital stay. The discharge weights were used for weighted 

estimates for 2012 and 2013. Prior to 2012, hospitals within the NIS were stratified based on 

hospital Census division, urban/rural location, bed size, ownership, and teaching status. The 

number of discharges within a given stratum were then compared with data from the 

American Hospital Association to obtain the weights which were then applied to the 
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unweighted data for weighted estimates of each year 16. NIS recently provided a new weight 

called “Trend Weight” for the 1993–2011 data, which were calculated in the same way as 

the weights for the redesigned NIS starting with 2012. Trend weights are designed to be 

used instead of the original NIS discharge weights for trend analysis.17 National estimates of 

demographics were obtained by summing up the weighted estimates of demographics in 

each year.

We calculated the absolute number of each extended procedure performed as well as the 

percentage of patients who underwent surgery who had each of the given extended 

procedures. To account for changes in the incidence of cancer over time, we used American 

Cancer Society statistics to derive the number of procedures performed per 1000 new cases 

of ovarian cancer. We calculated the weighted number of procedures divided by the number 

of new cases from ACS and expressed per 1000.18 Trends were assessed using linear 

regression approaches. All analyses were conducted using SAS version 9.4 (SAS Institute, 

Cary, NC). All hypothesis tests were two-sided.

Results

We identified a total of 57,390 women with ovarian cancer who underwent inpatient surgery. 

After weighting, our cohort included 274,639 patients. Demographic data are shown in Table 

1. The median age of the cohort was 63 (IQR 53–73, unweighted). One-fourth were age 50–

59 (24.9%), one-fourth 60–69 (24.2%) and one-fifth were 70–79 (18.9%). Most were white 

(63.0%), with commercial insurance (50.2%) or Medicare (36.5%), and in high (34.6%) or 

medium-high (26.2%) census-level income. More than two-thirds of the procedures were 

performed at large (71.8%) and urban teaching (68.0%) hospitals. One third of the 

procedures were performed in the South (33.8%), while less than one quarter were 

performed in the West (23.2%), Midwest (22.6%), and Northeast (20.4%) each.

Overall, the number of procedures performed annually ranged from 15,720 to 18,714. 

Concomitant extended procedures performed over this time period included 32,804 colon 

resections, 25,382 rectosigmoid resections, 10,104 small bowel resections, 8,112 

colostomies, 6,646 diaphragm resections, 5,069 splenectomies, 2,813 ileostomies, 1,609 

gastrectomies, 1,309 bladder resections, and 1,283 liver resections (Table 2).

To account for variation in number of procedures performed each year, the annual 

percentages of extended procedures performed per case from 1998–2013 were calculated. 

On average, colon resection was performed in 11.9%, rectosigmoid resection in 9.3%, small 

bowel resection in 3.7%, colostomy in 3.0%, diaphragm resection in 2.4%, splenectomy in 

1.8%, ileostomy in 1.0%, gastrectomy in 0.6%, bladder resection in 0.5%, and liver resection 

in 0.5% of cases (Table 2).

The annual number of procedures and percent of procedures per case over this time period 

was significantly different for rectosigmoid resections (P=0.02), diaphragm resections 

(P<0.001), splenectomies (P<0.001), ileostomies (P<0.001), and liver resections (P<0.001) 

(Figures 1 and 2). The overall trend appeared to be an increase in extended procedures from 

1998 to 2010, followed by a brief decrease in 2011, then an increase through 2013.
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To account for changes in the incidence of ovarian cancer over time, the annual rate of 

extended procedures performed per 1000 new cases of ovarian cancer diagnosed from 1998–

2013 were calculated. Per 1000 new cases, an average of 90 colon resections, 70 

rectosigmoid resections, 28 small bowel resections, 22 colostomies, 19 diaphragm 

resections, 14 splenectomies, 8 ileostomies, 4 gastrectomies, 4 bladder resections, and 4 liver 

resections were performed annually. The annual rate of procedures performed over this time 

period was significantly different for colon resections (P=0.03), rectosigmoid resections 

(P<0.001), diaphragm resections (P<0.001), splenectomies (P<0.001), ileostomies 

(P<0.001), gastrectomies (P=0.03), and liver resections (P<0.001) (Figure 3). Similar to 

changes in absolute numbers of cases over time, the overall trend for the rate of extended 

procedures per 1000 new ovarian cancer cases showed a gradual increase from 1998 to 

2010, followed by a brief decrease in 2011, then an increase through 2013.

Conclusions

This study suggests that there was a significant increase in the use of extended procedures 

for women undergoing debulking surgery for the treatment of ovarian cancer from 1998–

2013. These differences were significant for absolute numbers of procedures, the rate per 

1000 new ovarian cancer cases, and the percent per hysterectomy/BSO for rectosigmoid 

resection, diaphragm resection, splenectomy, ileostomy, and liver resection. Specifically, the 

use of these procedures rose from 1998 to 2010, declined in 2011, and rose again in 2012 

and 2013.

While our data suggests an overall increase in the use of extended procedures from 1998 to 

2013, it is interesting to note the abrupt decrease in most of these procedures from 2010 to 

2011, which coincides with the publication of the EORTC’s phase III trial that compared 

neoadjuvant chemotherapy with primary surgical cytoreduction.10 This study suggested no 

difference in overall survival for patients undergoing neoadjuvant chemotherapy compared 

to upfront primary debulking surgery, and may have had an impact on the decreased use of 

primary radical debulking procedures following its publication. Similar, albeit smaller 

decreases in the use of some extended procedures were also noted from 2008 to 2009, 

coinciding with the 2008 Biennial Meeting of the International Gynecologic Cancer Society, 

at which preliminary results of this trial were presented. These decreases appear to be 

transient, however, and the overall trends show increasing use of extended procedures, 

specifically after the 2010 decreases. In addition, over the period of the study the benefits of 

complete resection to no residual disease was recognized and numerous studies emerged 

suggesting the potential benefits of neoadjuvant chemotherapy as well as the morbidity of 

cytoreductive surgery. All of these factors may have contributed to temporal changes in 

practice patterns.

Following the release of preliminary EORTC data at national meetings in 2008 and 2009, 

Dewdney and colleagues sought to evaluate physicians’ opinions and patterns of care 

regarding NACT through a survey study in 2009. At the time of the survey, physicians 

reported that NACT was rarely employed, with 60% of respondents using it in less than 10% 

of cases and 30% using it in 10–25% of cases. While almost 40% believed that women with 

bulky upper abdominal disease on preoperative imaging would benefit from NACT versus 
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primary debulking, greater than 80% did not believe that available evidence justified the use 

of NACT.19 Since then, new data from multiple clinical trials has been published suggesting 

that NACT decreases surgical morbidity, increases the likelihood of optimal cytoreduction, 

and decreases the need for extended procedures, without compromise of overall 

survival.10–12 Despite NACT trial results, our data suggest that extended procedures have 

not declined substantially. Based on the survey above, it appears that physicians were 

hesitant to change their practice patterns and were not convinced of the benefits of NACT 

prior to 2010.

As clinical trial data from the past decade continues to demonstrate the benefits of NACT, 

there has been increased adoption of its use. A recently published study by Melamed and 

colleagues examined the trends in NCAT use over time, and demonstrated an increase in use 

from 8.6% in 2004 to 22.6% in 2013 (P<0.001) 13. If these data are to be interpreted in the 

context of prior neoadjuvant studies, an increased use of NACT should result in a decreased 

need for extended procedures. With the exception of transient decreases, our data suggest 

that the use of extended procedures have not declined substantially. Why the use of extended 

radical procedures began to rise again in 2012 is not intuitively clear.

We recognize several limitations of this study. First, the Nationwide Inpatient Sample 

contains a random sample of hospital discharge diagnoses, which are used to provide 

weighted estimates, not absolute numbers. Second, we lack data to define which patients 

received neoadjuvant therapy versus primary cytoreduction. However, a priori the intent of 

our analysis was not to compare procedure use between these treatments, but rather to 

describe the overall use of extended cytoreductive procedures. Third, some important 

clinical data including cancer stage, intraoperative details, postoperative course, details 

surrounding administration and timing of chemotherapy (including which patients did or did 

not receive NACT) is not available in NIS. Lastly, as with any study using administrative 

data, there may be inaccurate coding or undercapture of a small number of procedures. 

However, all of the procedures analyzed represent major interventions likely to generate a 

billing code, thus under-capture of a significant number of procedures is unlikely.

These data demonstrate that while there was a transient decrease in the use of extended 

cytoreductive procedures from 2010 to 2011 after the publication of the EORTC data, use of 

these procedures again increased in 2012 and 2013. The reasons underlying the rise remain 

unknown. As neoadjuvant chemotherapy is used more frequently, further comparative 

effectiveness studies to examine the impact of this treatment on both short and long-term 

outcomes are greatly needed.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
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Figure 2. 
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Figure 3. 
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