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Abstract

Objective—Cytoreduction for ovarian cancer is associated with substantial morbidity. We
examined the outcome of patients undergoing surgery for ovarian cancer to determine if there are
sub-groups of patients who may benefit from alternative treatments.

Methods—The National Surgical Quality Improvement Program database was used to identify
women who underwent surgery for ovarian cancer from 2005-2012. Multivariable logistic
regression models were used to examine the effect of age, race, functional status, ASA class,
preoperative albumin and performance of extended cytoreductive procedures on morbidity,
mortality and resource utilization.

Results—A total of 2870 women were identified. The perioperative complication rate increased
from 9.5% in women <50 years, to 13.4% in those age 60-69 years, and 14.6% in women =70
years (P<0.0001). Similarly, complications rose from 7.3% in those who did not require any
extended procedures to 12.9% after 1 procedure, 28.4% for those who had 2, and 30.0% in women
who underwent =3 extended procedures (P<0.0001). In a series of multivariable models, the
number of extended cytoreductive procedures performed and preoperative alboumin were the
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factors most consistently associated with morbidity. Using a series of model fit statistics,
compared to chance alone, the ability to predict any complication increased by 27.4% when
procedure score was analyzed, 22.0% with preoperative albumin, 11% with age, and 4% with
functional status.

Conclusions—While preoperative clinical and demographic factors may help predict the risk of
adverse outcomes for women undergoing surgery for ovarian cancer, performance of extended
cytoreductive procedures is the strongest risk factor for complications.

Introduction

Primary cytoreduction followed by platinum-based combination chemotherapy is the
standard of care for the treatment of advanced stage, epithelial ovarian cancer.! Surgical
cytoreduction entails salpingo-oophorectomy, typically with hysterectomy, omentectomy
and resection of gross tumor within the abdominal cavity. Resection of tumor may require
small or Irge bowel resection as well as removal of other solid organs, including the liver
and spleen.2-* Multiple studies have demonstrated that the amount of residual tumor after
completion of the surgery is associated with long-term prognosis.*~/ Patients who are
suboptimally cytoreduced prior to chemotherapy have decreased survival.2:8:9

Although cytoreductive surgery has numerous benefits, the operation is associated with
significant morbidity.19-13 A number of prior studies have attempted to define factors that
are associated with excessive morbidity in women undergoing cytoreduction.12 Several
reports have noted that advanced age is associated with adverse outcomes.11:12.14 However,
some studies have suggested that chronologic age alone should not be a contraindication to
cytoreduction and that measures of performance status and functional reserve are of greater
importance. 1916

In addition to age, the extent of cytoreductive surgery appears to influence outcomes. Prior
work has shown that complications increase with the number of radical procedures
performed.12 Given the increased morbidity associated with factors such as the requirement
for more extensive cytoreductive surgery and advance age, some reports have suggested that
patients with these factors may benefit from alternative treatment strategies such as
neoadjuvant chemotherapy.

The objective of our study was to examine the influence of age, functional status, and extent
of cytoreduction on perioperative morbidity in women with ovarian cancer. Specifically, we
utilized a large, population-based database that prospectively collects detailed clinical
characteristics and outcomes for patients from throughout the United States.

Materials and Methods

Data source and patient selection

We examined the American College of Surgeons’ National Surgical Quality Improvement
Program (NSQIP) database.1”+18 The NSQIP database is a risk-adjusted, nationally validated
and prospectively maintained surgical outcomes registry. It contains more than 240 clinical
variables, including preoperative patient characteristics, intraoperative variables and 30-day
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postoperative outcomes. All data is abstracted from medical records by trained registrars
using a highly structured sampling schema. The Columbia University Institutional Review
Board deemed the study exempt.

Women =18 years of age with ovarian cancer (ICD-9 183.x) recorded from 2005-2012 were
included. The study cohort was limited to only those patients who underwent an ovarian
cancer directed surgery defined hysterectomy, oophorectomy, cystectomy or tumor
cytoreduction (Supplemental Table 1).

The type and number of additional extended procedures each patient underwent were
recorded. The procedures of interest included lymphadenectomy, small bowel resection,
colectomy, rectosigmoid resection, hepatic resection, bladder resection, diaphragm resection
and cytoreduction. In addition to individual procedures, a composite score based on the
number of the above extended procedures each patient underwent was calculated. The
procedure score was categorized as: 0 procedures, 1 procedure, 2 procedures, and =3
procedures.1?

Clinical and demographic characteristics

Patients were classified based on age at surgery into the following groups: <50 years of age,
50-59 years, 60-69 years and =70 years. Race was categorized as white, black, other or
unknown. Body mass index was calculated as the weight (kg) divided by height (m?) and
recorded as: normal (<25 kg/m?), overweight (25-29.9 kg/m?), obese (=30 kg/m?), and
unknown.

Covariates potentially associated with performance status including American Society of
Anesthesiology (ASA) classification score (1, 2, 3, 4, 5, or unknown), preoperative
functional status (independent, partially dependent, totally dependent, and unknown) and
preoperative albumin (<3.5 g/dL, 3.5-4 g/dL, and >4 g/dL), were recorded for each
patient.1” The presence of a number of preoperative medical comorbidities including
diabetes mellitus (insulin dependent or non-insulin dependent), tobacco use, chronic
obstructive pulmonary disease, congestive heart failure, hypertension, corticosteroid use,
and the presence of ascites were noted for each patient.19

Outcome variables

The primary outcomes of the study were perioperative morbidity and mortality. Any
complication was defined as a composite measure if the patient was noted to have any of the
following postoperative complications: pneumonia, acute renal failure, urinary tract
infection, cerebrovascular accident, coma, sepsis, shock, cardiac arrest, myocardial
infarction, pulmonary embolism, deep venous thrombosis, prolonged mechanical
ventilation, unplanned re-intubation, or progressive renal insufficiency.19 Severe
complications were analyzed based on Clavian class 1V complications and included shock,
cardiac arrest, myocardial infarction, pulmonary embolism, prolonged intubation or
unplanned re-intubation.20-22 Wound complications included superficial or deep surgical
site infections or an organ space surgical site infection.1®

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



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Patankar et al.

Page 4

Prolonged length of stay was defined as hospitalization after surgery of >8 days while non-
routine discharge was defined as discharge to a rehabilitation or skilled nursing facility.
Intraoperative or postoperative transfusion of blood products and readmission within 30-
days of the intervention were noted for each patient. Return to the operating room after the
primary procedure was defined as reoperation. Perioperative mortality was defined as death
within 30-days of the index surgical procedure.19

Statistical analysis

Results

Frequency distributions between categorical variables were compared using y? tests. Clinical
and demographic data are reported descriptively stratified by age while outcomes are
reported stratified by age and procedure score. Multivariable logistic regression models were
developed to examine the association between the clinical and demographic characteristics
and the number of extended procedures performed and outcomes. Results are reported with
risk ratios and 95% confidence intervals.

A number of model fit statistics were estimated to examine the strength of the model to
predict the outcome based on clinical characteristics (age, functional status, preoperative
albumin, and procedure score) and outcomes. The area under the receiver operating
characteristics (ROC) curve of a plot of the true positive rate (sensitivity) versus the false
positive rate was estimated with the c-statistic. The c-statistic represents the ability of a
model to accurately predict the outcome. Values for the c-statistic range from 0.5 (model no
better than chance in discriminating outcome) to 1 (perfect prediction of the outcome).

The pseudo-R? is an indicator of the variability in outcome that is explained by the model
and is analogous to R? derived from least squares linear regression. Likelihood ratio tests
(LRT) compare the fit of a model with the covariates of interest to a null model (no
covariates included). A higher LRT suggests a greater importance of the variable or
variables. The Akaike information criterion (AIC) measures the goodness of fit of a model
in the context of the overall complexity of the model. A lower AIC suggests greater
importance for a variable.

We estimated the ability of a given covariate or set of covariates to distinguish the outcomes
of interest. We first assumed that the c-statistic of a null model was 0.5 and the calculated
the predictive ability of covariates as: (c-statistic of model with one or more variables)/(c-
statistic of null model).23 Data analysis was performed using SAS version 9.4 (SAS Institute
Inc, Cary, North Carolina). All statistical tests were two-sided. A P-value of <0.05 was
considered to be statistically significant

A total of 2870 women with ovarian cancer were identified. The cohort included 547 (19.1
%) women < 50 years of age, 784 (27.3 %) women age 50-59, 838 (29.2 %) women age 60—
69, and 701 (24.4 %) women =70 years of age (Table 1). Compared to their younger
counterparts, the older women were more often white, had normal BMlIs, had higher ASA
class, had lower preoperative albumin and were more likely to be partially dependent.
Furthermore, older women were more likely to have preoperative medical comorbidities,

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



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Patankar et al.

Page 5

such as non-insulin dependent diabetes mellitus, COPD and hypertension (P < 0.05 for all).
Women 60-69 and =70 were more likely to undergo cytoreduction, small bowel resection
and colectomy but less likely to undergo lymphadenectomy (P value < 0.05 for all).

The rate of any perioperative complications increased from 9.5% in women <50 to 9.7% in
those 50-59, 13.4% in those aged 60—69, and 14.6% in women =70 years of age (P<0.0001).
Compared to women <50 years of age, patients =70 were at increased risk for prolonged
hospitalization (16.5 % vs. 32.5%; P<0.0001), non-routine discharge (2.2 % vs. 16.8 %;
P<0.0001), transfusion (26.1% vs. 39.2%; P<0.0001), and death (0.9 % vs. 2.7 %; P<0.001)
(Table 2).

When stratified by the number of radical procedures performed during the surgery (0 vs. 1
vs. 2 vs. 23), the overall complication rate rose from 7.3% in those who did not require any
extended procedures to 12.9% for those who underwent 1 procedure, 28.4% for those who
had 2, and 30.0% in women who underwent =3 extended procedures (P < 0.0001) (Table 3).
Perioperative mortality increased from 0.7% to 2.0% in subjects who underwent 3 or more
radical procedures. Prolonged hospitalization, non-routine discharge, transfusion,
readmission and reoperation all increased with the number of radical procedures performed
(P < 0.05 for all).

In a series of multivariable models corrected for clinical and demographic characteristics,
the number of extended cytoreductive procedures performed and preoperative albumin were
the factors most consistently associated with perioperative morbidity (Table 4). While
advanced age alone was not associated with perioperative complications, women >70 years
of age and those with higher ASA scores were more likely to require prolonged
hospitalization and non-routine discharge (P<0.05), while functional status was associated
with prolonged hospitalization, non-routine discharge, and complications. Performance of
>3 cytoreductive procedures was associated with any complication (RR=4.06; 95% ClI,
2.34-7.03), severe complications (RR = 5.07; 95% ClI, 2.47-10.41), wound complications
(RR=3.80; 95% ClI, 1.88-7.69), prolonged hospitalization (RR=4.68; 95% ClI, 3.22-6.80),
non-routine discharge (RR=2.82; 95% Cl, 1.11-7.19) and transfusion (RR=3.15; 95% ClI,
2.14-4.63). Similarly, preoperative albumin levels were associated with any complication,
severe complications, prolonged hospitalization, nonroutine discharge, transfusion and
reoperation (P<0.05 for all). Similarly, preoperative albumin levels were associated with any
complication, severe complications, prolonged hospitalization, non-routine discharge,
transfusion and reoperation (P<0.05 for all).

We then estimated a humber of model fit statistics to determine the importance of each
factor in predicting outcomes (Table 5). Compared to chance alone, the ability to predict any
complication was increased by 27.4% when procedure score was analyzed, 22.0% with
preoperative albumin, 11.0% with age, and 4.0% with functional status. Combining these
four measures increased predictive ability to 37.6%, while the full model with all the clinical
and demographic characteristics enhanced the predictive ability to 40.4%. The procedure
score and preoperative albumin were the most important individual predictors of severe
complications, wound complications, readmission, and reoperation, while age was the most
important factor in distinguishing readmission.
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Discussion

These findings suggest that the perioperative complication rate for surgery for ovarian
cancer is substantial. While age and functional status are associated with outcomes, among
patient factors, preoperative albumin level is the strongest predictor of perioperative
morbidity. However, the number of extended procedures performed is the most important
factor associated with adverse outcomes.

The importance of perioperative surgical complications is now well recognized.24-26 In a
study of over 100,000 patients who underwent major surgery, the occurrence of a
complication in the 30-day postoperative period was more important in determining survival
than preoperative patient and intraoperative factors.24 For cancer patients, perioperative
complications can lead to delay in the initiation of chemotherapy and increase the risk of
omission of chemotherapy that may ultimately impact survival from cancer. In a population-
based analysis of women with ovarian cancer, women who experienced a perioperative
complication were over 60% more likely to not initiate chemotherapy within 6 weeks of
surgery.26

Somewhat surprisingly, neither age nor functional status was independently associated with
morbidity or mortality. In contrast, preoperative albumin levels, a marker of functional
reserve, were highly associated with perioperarive outcomes. Other reports have noted
similar findings. Langstratt and colleagues found that an albumin level <3 was an important
predictor of poor perioperative outcomes in women =65 undergoing primary debulking
surgery for ovarian cancer.2’ Similarly, a second report noted that serum albumin levels
<3.5¢/dL adversely affected survival by a statistically significant level across all stages of
ovarian cancer, independent of stage at diagnosis, serum cancer antigen-125 and previous
treatment history.28

The number of extended cytoreductive proceudres performed was the factor most predictive
of perioperative morbidity. Prior work has demonstrated similar findings. In an analysis of
over 28,000 women with ovarian cancer the complication rate increased from 20% in
patients who underwent no extended procedures to 34% in patients who required one
additional procedure and 44% in those requiring 2 or more extended procedures.12 We noted
similar trends for the overall rate of complications, wound complications, severe
complications, prolonged hospitalization, transfusion and non-routine discharge.

Given that those women who require multiple extended procedures are at highest risk, these
data suggest that alternative treatment strategies should be considered in women who may
require extended cytoreductive surgery. However, identification of women who may require
extended cytoreduction has often proven difficult. Reports examining the ability of various
imaging modalities to predict resectable have reported mixed results.2®-31 More recently,
there has been greater interest in laparoscopic assessment of intraabdominal disease prior to
laparotomy.32

Given the substantial morbidity associated with cytoreductive surgery for ovarian cancer,
there has been great interest in strategies to reduce perioperative complications. A number of
studies of neoadjuvant chemotherapy have suggested that preoperative chemotherapy
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reduces the extent of surgery required for women with ovarian cancer as well as
complications.10:33-36 |n an institutional series of 172 patients with advanced stage ovarian
cancer, radical organ resections were required in 25% of women who underwent primary
cytoreduction compared to only 6% of those who received neoadjuvant chemotherapy.32 In
a prospective trial comparing neoadjuvant chemotherapy and primary cytoreduction, the rate
of hemorrhagic (4% vs. 7%) and infectious (8% vs. 2%) complications were lower in
women in women who received neoadjuvant chemotherapy.19 Perhaps most importantly, the
perioperative mortality rate was nearly four times higher among women who underwent
primary cytoreduction.10

While neoadjuvant chemotherapy is associated with decreased perioperative morbidity,
whether this strategy is associated with reduced long-term survival remains an area of active
debate.1011.37-39 A randomized phase 111 trial of neoadjuvant chemotherapy compared to
cytoreductive surgery noted equivalent survival for the two strategies. The amount of
residual tumor after surgery, but not the timing of surgery, was predictive of survival.10 This
trial has been criticized in that survival was lower than in many contemporaneous groups of
patients treated in the U.S. and the overall rate of optimal cytoreduction was low. Given the
substantial risk of morbidity for patients who require multiple organ resections at the time of
cytoreduction, these women may derive particular benefit for neoadjuvant chemotherapy.38

We recognize a number of important limitations. First, we lack data on tumor
characteristics, prior surgical history, and extent of disease. Tumor stage as well as the
volume and distribution of tumor implants within the abdomen likely impact not only extent
of surgery, but also perioperative outcomes. Second, we are only able to capture 30-day
perioperative outcomes. While data on long-term outcomes would be of interest, a priori the
goal of our analysis was to examine how clinical and demographic factors influenced near
term outcomes. As described, prior work has shown the association with perioperative
complications and receipt of chemotherapy and survival.24-26 Third, we cannot exclude the
possibility that some complications were not captured. However, a strength of the NSQIP
dataset is the thorough capture of perioperative events. As such, the dataset is well suited to
the current study. Although a variable for preoperative chemotherapy exists within the
dataset, this variable was missing for a large number (46.0%) of the patients in our cohort.
We therefore cannot accurately distinguish primary from interval cytoreduction. Lastly, as
with any study of administrative data, we were unable to capture data on individual patient
and physician preferences that undoubtedly influenced surgical planning and outcomes.

In sum, these findings suggest that the number of extended surgical procedures and
preoperative albumin are the strongest predictors of adverse perioperative outcomes in
women with ovarian cancer. As such, those women who may require extended
cytoreduction, particularly those with poor performance status and low albumin levels, may
benefit from alternative treatment strategies such as neoadjuvant chemotherapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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