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Summary
Objective: We sought to compare preoperative comorbidities in patients undergoing benign versus oncologic gynecologic surgeries.

Methods: All cases of benign and malignant gynecologic surgeries in the National Surgery Quality Improvement Program (NSQIP)
database between 20062012 were identified. Gynecologic cancers were grouped by site: uterus, ovary, cervix, and ”other” includ
ing labia, vulva, vagina, pelvis, and retroperitoneum. Preoperative comorbidities were captured. Descriptive analyses were performed.
94,935 patients underwent gynecologic surgeries: 87.8% benign and 12.2% oncologic. The prevalence of cardiovascular disease, pul
monary disease, and neurologic disease differed between benign and oncologic groups (p< 0.001). In uterine, ovarian and other cancers,
greater than 40% of patients had one or more comorbidities and > 5% had 2 or more, (p < 0.001). Gynecologic oncology patients were
significantly older, had higher BMI, greater proportion black, and had more comorbidities than patients undergoing benign gynecologic
surgery. Comorbidity profiles also differed significantly by type of gynecologic cancer. Preoperative and postoperative optimization,
risk assessments, and appropriate reimbursement coverage should account for these baseline differences.
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Introduction

With the institution of the Affordable Care Act (ACA),
quality metrics are becoming the meter stick by which hos
pitals and practitioners are measured and subsequently re
imbursed [1]. Gynecologic oncology as a field does not yet
have a specific set of quality measures, but has been evalu
ating and incorporating measures created by various orga
nizations including the National Quality Forum, and Cen
ters for Medicaid and Medicare Services, amongst others
[2]. Postoperative morbidity and mortality already factor
heavily into payment for services, though patient charac
teristics and procedural complexity have been more diffi
cult to incorporate [1]. Within the field it is understood that
gynecologic oncology patients are less healthy and have
more comorbidities than a typical benign gynecologic pa
tient. Few studies, however, have characterized the gyneco
logic oncology patient population in terms of preoperative
health status [35]. Furthermore, very limited information
exists regarding the comorbidity profiles of patients under
going gynecologic surgery for oncologic versus benign con
ditions.

Over a decade ago, Picirrillo et al noted that accurate
risk adjustment, based on accounting for prediagnosis co
morbidities, would be important to many realms of cancer
research including outcomes and quality assessment [6].
More recent studies have shown that gynecologic oncol
ogy patients have increased risk of 30day morbidity and

mortality postoperatively [79], and twice the risk of hos
pital readmission when compared to benign hysterectomy
patients [10, 11]. In the era of health care reform, large
scale profiling of gynecologic oncology populations will be
useful to guide novel risk calculators and inform reimburse
ment models.

The primary objective of the current study was to com
pare comorbidity profiles of patients undergoing surgery
for benign gynecologic conditions versus oncologic condi
tions. The secondary objective was to compare differences
across cancer sites to further characterize comorbidity pro
files of gynecologic oncology populations.

Materials and Methods

The National Surgical Quality Improvement Program
(NSQIP) is a nationally validated prospective database
maintained by the American College of Surgeons. The
database collects preoperative health statistics as well as
30day morbidity and mortality data on surgical patients
at both academic and community institutions across the
United States [12]. The current study was exempt from
IRB approval as mandated by the University of Pennsylva
nia Health System (IRB# 820313). Use of the ACS NSQIP
database does not require written consent from human sub
jects.

Data were abstracted by trained surgical clinical re
viewers provided by the American College of Surgeons.
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Table 1. — Demographics, benign versus malignant cohorts.

Benign (n = 83374) Malignant (n = 11561) pValue

Age (y)* 46 [3954] 61 [5370] < 0.001
Race < 0.001
White 56571 (70.3) 8870 (78.3)
Black 10055 (12.5) 856 (7.6)
Asian 2222 (2.8) 355 (3.1)
American Indian or Alaska Native 616 (0.8) 27 (0.2)
Native Hawaiian or Pacific Islander 251 (0.3) 20 (0.2)
Unknown 10745 (13.4) 814 (7.8
Ethnicity Hispanic 9602 (13.3) 814 (7.8) < 0.001
BMI (kg/m2)* 27.8 [2432.8] 29.7 [24.636.6] < 0.001
Smoker 14779 [17.7] 1449 [12.5] < 0.001
ASA Class < 0.001
1 13936 (16.7) 388 (3.4)
2 55136 (66.2) 5480 (47.4)
3 13733 (16.5) 5317 (46)
4 478 (0.6) 363 (3.1)
5 9 (0.0) 3 (0.0)
Missing data 51 (0.1) 10 (0.1)
Functional Status PreSurgery < 0.001
Independent 82824 (99.3) 11267 (2.1)
Partially Dependent 360 (0.4) 239 (2.1)
Totally Dependent 39 (0.0) 41 (0.4)
Unknown 151 (0.2) 14 (0.1)
Surgical Procedure < 0.001
TAH 16658 (20.0) 38.52 (33.3)
TLH 9004 (10.8) 2176 (18.8)
VH 11177 (13.4) 181 (1.6)
LASH 6369 (7.6) 89 (0.80)
LAVH 9279 (11.1) 1016 (8.8)
Radical Hysterectomy 139 (0.2) 2151 (18.6)
Lymphadenectomy 20 (0.0) 210 (1.8)
Other 29646 (35.6) 1735 (15.0)

*Age and BMI are reported as median, IQR

Gynecologic surgeries between 20062012 were identified
from the NSQIP dataset. Patients were identified, using
postdiagnosis ICD9 codes to ensure correct categoriza
tion. Benign patients were identified by codes 211.8, 218.0,
218.1, 218.2 218.9, 219.0, 219.1, 219.8, 219.9, 220, 221.0,
221.1, 221.2, 221.8, and 221.9. Gynecologic oncology pa
tients were grouped by site: uterus (ICD9: 182.X, 233.2),
ovary (ICD9: 183.X, 158.9, 198.6), cervix (ICD9: 180.X,
233.1), and ”other” including labia, vulva, vagina, pelvis,
and retroperitoneum (ICD9: 158, 158.9, 183.2, 184.X,
233.31, 233.32). Patients with fallopian tube and primary
peritoneal cancers were analyzed with the ovarian cancer
cohort.

Age and race were the demographics included for data
analysis. Comorbid health conditions including diabetes,
dyspnea, Chronic Obstructive Pulmonary Disease (COPD),
cardiovascular disease, hypertension, transient ischemic at
tack, and stroke were collected, and bodymass index (BMI)

(calculated by weight and height) was included for each pa
tient.

Patients were compared in groups: benign versus on
cologic, and cancer patients to one another by site of dis
ease. In order to create profiles of benign and oncologic
gynecology patients, comorbidity distributions were ana
lyzed by diagnosis and by number of discrete comorbidities.
We examined the prevalence of common comorbidities for
each patient group. Because a Charlson comorbidity score
could not be calculated with the available data, comorbid
ity scores were calculated by summation of individual co
morbidities. Univariate and bivariate statistics were per
formed as well as logistic regression models. Median and
interquartile ranges (IQR) were used to describe continu
ous variables. Frequency and percentage were presented
for categorical variables. MannWhitney, KruskalWallis
test and Chisquare test were used for comparisons among
groups. A twosided P value of 0.05 was considered sta
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Table 2. — Demographics by disease site.

Uterine (n = 7047) Ovary (n = 2971) Cervical (n = 1032) Other (n = 511) pValue

Age (y)* 63 [5670] 61 [5269] 46 [3857] 66 [5678] < 0.001
Race < 0.001
White 5474 (79) 2287 (78.7) 709 (70.9) 400 (80.6)
Black 547 (7.9) 182 (6.3) 94 (9.4) 33 (6.7)
Asian 211 (3.0) 79 (2.7) 59 (5.9) 6 (1.2)
American Indian or Alaska Native 11 (0.2) 11 (0.4) 5 (0.5) 0 (0.0)
Native Hawaiian or Pacific Islander 12 (0.2) 5 (0.2) 3 (0.3) 0 (0.0)
Unknown 674 (9.7) 343 (11.8) 130 (13) 57 (11.5)
Ethnicity Hispanic 453 (7.0) 202 (7.6) 136 (14.8) 23 (5.1) < 0.001
BMI (kg/m2)* 32 [26.339.2] 26.6 [2331.9] 26.6 [22.631.9] 27.9 [23.833.1] < 0.001
Smoker 664 (9.4) 392 (13.2) 278 (26.9) 115 (22.5) < 0.001
ASA Class < 0.001
1 190 (2.7) 92 (3.1) 97 (9.4) 9 (1.8)
2 3345 (47.5) 1304 (43.9) 614 (59.5) 217 (42.5)
3 3282 (46.6) 164 (49.3) 308 (29.8) 263 (51.5)
4 224 (3.2) 107 (3.6) 12 (1.2) 20 (3.9)
5 1 (0.0) 2 (0.1) 1 (0.1) 2 (0.4)
Missing data 5 (0.1) 2 (0.1) 1 (0.1) 2 (0.4)
Functional Status PreSurgery 0.047
Independent 6873 (97.5) 2885 (97.1) 1017 (98.5) 492 (96.3)
Partially Dependent 141 (2) 71 (2.4) 10 (1) 17 (3.3)
Totally Dependent 22 (0.3) 14 (0.5) 3 (0.3) 2 (0.4)
Unknown 11 (0.2) 1 (0) 2 (0.2) 0 (0)
Surgical Procedure < 0.001
TAH 2109 (29.9) 1506 (50.7) 182 (17.6) 55 (10.8)
TLH 1982 (28.1) 92 (3.1) 99 (9.6) 3 (0.6)
VH 139 (2.0) 2 (0.1) 39 (3.8) 1 (0.2)
LASH 65 (0.9) 19 (0.6) 5 (0.5) 0 (0)
LAVH 910 (12.9) 41 (1.4) 64 (6.2) 1 (0.2)
Radical Hysterectomy 1488 (21.1) 154 (5.2) 505 (48.9) 4 (0.8)
Lymphadenectomy 93 (1.3) 44 (1.5) 49 (4.7) 24 (4.7)
Other 238 (3.4) 993 (33.4) 83 (8.0) 421 (82.4)

tistically significant. Stata/MP 14.0 (Stata Corp., College
Station, TX) and SAS 9.4 (SAS Institute, Cary, NC) were
used for statistical analyses.

Results

A total of 94935 patients underwent gynecologic surgery
during the time period queried. 87.8% (n = 83374) were be
nign cases and the remaining 12.2% (n = 11561) were per
formed for cancer. Among cancer subtypes, uterine cancer
patients comprised the majority of the sample (n = 7047).

Demographics
Benign vs Oncologic

The median age for benign patients was significantly
lower than oncologic patients 46 [3954] vs 61 [5370]
years, (p < 0.001). Racial distributions also differed:
12.5% of benign patients were black, compared to 10% or
less for uterine, ovarian, cervical and other cancer patients,
(p < 0.001). BMI differed between those with benign ver
sus oncologic gynecologic conditions. The median BMI for

benign patients was 27.8 kg/m2 [2433], compared to 29.7
kg/m2 [2537] for oncologic patients (p < 0.001). Onco
logic patients were 2.8 and 5 times more likely than benign
patients to have ASA class of 3 and 4 respectively (p <
0.001) (Table 1).

Cancer Types

Among cancer types, median age ranged from 46 – 66
years. Cervical cancer patients were significantly younger
than all other oncology patients (p < 0.001). Racially, can
cer patients were overwhelmingly white, and black race ac
counted for less than 10% of any group. Median BMI was
also significantly different across cancer types: uterine can
cer patients had highest median BMI at 32.0kg/m2, while
the remaining cancer types had median BMI between 26.6
kg/m2 and 27.9 kg/m2. Among cancer types, most patients
were ASA class 2 or 3. Ovarian and other cancer patients
had the highest proportion of ASA class 3 at 49.3% and
51.5% respectively. Endometrial cancer patients were com
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Table 3. — Comorbidity profiles by diagnosis.

Benign
(n = 83374)

Malignant
(n = 11561)

pValue Uterine
(n = 7047)

Ovary
(n = 2971)

Cervical
(n = 1032)

Other (511) pValue

Comorbidities
Congestive Heart
Failure

31 (0.0) 41 (0.4) < 0.001 25 (0.4) 11 (0.4) 0 (0.0) 5 (1.0) 0.025

Diabetes mellitus 5641 (6.8) 1882 (16.3) < 0.001 1431 (20.3) 302 (10.2) 70 (6.8) 79 (15.5) < 0.001
Dyspnea 3031 (3.6) 926 (8.0) < 0.001 555 (7.9) 295 (9.9) 34 (3.3) 42 (8.2) < 0.001
Severe COPD 969 (1.2) 322 (2.8) < 0.001 196 (2.8) 74 (2.5) 21 (2.0) 31 (6.1) < 0.001
Hypertension 21832 (26.2) 5727 (49.5) < .001 3947 (56.0) 1232 (41.5) 260 (25.2) 288 (56.4) < 0.001
Steroid use 876 (1.1) 211 (1.8) < 0.001 89 (1.3) 92 (3.1) 15 (1.5) 15 (2.9) < 0.001
Comorbid Groups
Cardiovascular dis
ease

949 (1.1) 288 (2.5) < 0.001 179 (2.5) 74 (2.5) 8 (0.8) 27 (5.3) < 0.001

Pulmonary disease 3676 (4.4) 1106 (9.6) < 0.001 659 (9.4) 340 (11.4) 46 (4.5) 61 (11.9) < 0.001
Neurologic disease 984 (1.2) 247 (2.1) < 0.001 149 (2.1) 62 (2.1) 10 (1.0) 26 (5.1) < 0.001
Comorbidity Score < 0.001 < 0.001
0 60285 (72.3) 5567 (48.2) 2961 (42.0) 1650 (55.5) 753 (73.0) 203 (39.7)
1 21240 (25.5) 5247 (45.4) 3583 (50.8) 1152 (38.8) 245 (23.7) 267 (52.3)
2 1737 (2.1) 682 (5.9) 454 (6.4) 162 (5.5) 31 (3.0) 35 (6.8)
3 102 (0.1) 60 (0.5) 46 (0.7) 6 (0.2) 3 (0.3) 5 (1.0)
4 9 (0.0) 5 (0.0) 3 (0.0) 1 (0.0) 0 (0.0) 1 (0.2)
5 1 (0.0) 0 (0.0)

parable at 46.6% ASA class 3. Cervical cancer patients had
the lowest proportion of ASA class 4 at 1.2% (Table 2).

Comorbidity Profiles
Entire Cohort

For all patients undergoing gynecologic surgery, hyper
tension (29%) was the most common comorbid condition,
followed by diabetes (7.9%). Pulmonary, cardiovascular,
and neurologic disease were less common: overall preva
lences were 5%, 1.3%, and 1.3% respectively (Table 3).

Benign versus Oncologic
Prevalence of common comorbidities differed signifi

cantly when benign patients were compared to oncology
patients: 28% vs 51.8% of patients had any comorbidity.
Hypertension and diabetes remained the most common co
morbidities and were approximately 2 times more prevalent
in the oncologic group than the benign group (Table 3).

When a comorbidity score was calculated, patients who
underwent surgery for oncologic conditions had 23 times
more comorbidities, in number, than their benign counter
parts (p < 0.001) (Figure 1).

Cancer Types
Among cancer types, significant differences were found

in the prevalence and distributions of comorbid conditions.
Uterine cancer patients had the highest prevalence of hyper
tension and diabetes, while other cancer patients had high
est prevalence of cardiovascular, pulmonary and neurologic
comorbidities, p < 0.001. Cervical cancer patients had the
lowest prevalence of all analyzed comorbidities (Table 3).

Figure 1. — Summed number of raw comorbidities.

When a comorbidity score was calculated and compared
across cancer sites, uterine and other cancer groups had the
highest proportion of patients with 2 or more comorbidi
ties at 7% and 8% respectively; ovarian and cervical cancer
followed at 5.7% and 3.3% respectively (Figure 1).

After adjusting for age, we found that oncology patients
were 1.3 times more likely to have a higher comorbidity
score compared to benign patients (OR 1.31, 95% CI 1.25
1.37). Further, oncology patients were 28% more likely
to have 1 or more comorbidities when compared to benign
(OR 1.28, 95% CI 1.221.33) (data not shown).
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Discussion

Our data confirms what many gynecologic oncologists
have experienced: patients undergoing gynecologic surgery
for malignant conditions have higher prevalence of comor
bidities and poorer preoperative health status than their be
nign counterparts. Demographically, gynecologic oncol
ogy patients are significantly older, have higher BMI, and
are racially different from benign patients. The comorbidity
profiles of benign and oncology patients are also distinctly
different, with the exception of cervical cancer patients who
tend to be younger and with similar comorbidity profiles to
benign patients. While age is an important factor in profil
ing, oncologic patients in our cohort remained more likely
to have increased numbers of comorbidities after control
ling for age, making them more medically complex than
typical benign gynecology patients.

Comorbidity profiling of cancer patients to date has
largely focused on the four most common cancers: lung,
colorectal, breast and prostate. Several studies have shown
that patients with breast and prostate cancer have comor
bidity profiles similar to age matched populations without
cancer. Conversely, lung cancer patients tend to have more
comorbidities than their cancer free counterparts [6, 13, 14].
Our data is similar to that presented by Piccirillo et al which
included all cancer sites and found that hypertension was
the most common comorbidity among greater than 17000
patients (38%), and diabetes was third most common at
11% [6]. In the Annual Report to the Nation on the Sta
tus of Cancer (May 2014) Edwards et al profiled lung, col
orectal, breast, and prostate cancer patients and compared
them to agematched Medicare beneficiaries. In this large
scale study, the most common comorbidity across cancer
sites was diabetes (16%), and the proportion of cancer pa
tients with diabetes was greater than that found in the aver
age (noncancer) population (16 vs 13%). While our data
show gynecologic oncology patients to have similar types
of comorbidities as other cancer sites, our data further sug
gest that themajority of gynecologic oncology patients have
greater burden of comorbidity and therefore worse baseline
health status than patients with cancers of other anatomic
sites.

Multiple studies have explored the effect of comorbidi
ties on outcomes for both benign and oncologic gynecol
ogy patients. In 2007, Aletti et al developed a prediction
model for surgical complications in stage III and IV ovarian
cancer patients that included baseline comorbidities. Not
surprisingly, they showed that increased numbers of co
morbidities were correlated with postoperative morbidity
and mortality [15]. Multiple groups since that time have
shown gynecologic oncology patients to have high rates of
common comorbidities, as well as poorer outcomes [4, 5,
16]. Iyer et al used Great Britain’s National Health Sys
tem (NHS) database to analyze complications associated
with gynecologic oncology patients, and showed that post
operative complications were significantly associated with
increasing comorbidities [3]. Dessources et al used the

NSQIP database to analyze readmissions for all hysterec
tomies from 2011 to 2012. Their group found that higher
ASA (American Society of Anesthesiologists) physical sta
tus scores and more comorbidities were associated with in
creased rates of readmission. Endometrial cancer patients
in particular had 36% higher rates of readmission com
pared to their benign counterparts [11].

Given previously defined association of patient charac
teristics with outcomes, a portion of the literature has fo
cused on development of risk calculators in an attempt to
predict patients most at risk for complications. To date,
only two groups have developed risk calculators specific
to the gynecologic oncology population [17, 18]. The
NSQIP database has been a popular source of data for cre
ation of calculators in recent years [12, 19]. The Ameri
can College of Surgeons created a Universal Risk Calcu
lator (URC) which includes hypertension and diabetes but
no other defined comorbidities. The URC has been tested
and validated for some diagnoses, but has often performed
poorly within the gynecologic oncology population. Mul
tiple groups using the URC for gynecologic oncology pa
tients found good sensitivity in predicting death, but vary
ing ability of the tool to predict 30day morbidity or mi
nor complications [79]. While these calculators performed
well in the sense of predicting morbidity and mortality, ex
clusion of most comorbidities in the models is limiting.
We propose that more comprehensive calculators account
ing for comorbidities will better guide reimbursement by
informing risk not only for catastrophic outcomes but in
creased need for multidisciplinary physician involvement.

Hysterectomies are performed for treatment of both be
nign and malignant conditions, and it is important to under
stand the variation in baseline health of the two patient pop
ulations. While theymay undergo the same procedure, their
baseline comorbidities are often drastically different, lend
ing to both surgically related and nonsurgically related dif
ferences in outcomes. Because outcomes are so heavily em
phasized, it is important to account for these baseline factors
when designing payment reform strategies for surgical pro
cedures. The goal of obtaining optimal outcomes with the
least expenditure is the premise of valuebased care, upon
which recent initiatives such as the Medicare Access and
CHIP Reauthorization Act (MACRA) initiative have been
designed [20]. Reimbursement will be based on patient out
comes, a proxy for physician performance, rather than fee
forservice. As such, comorbidity profiles of gynecologic
oncology patients inform the increased complexity of care
for the gynecologic oncology patient and therefore are inte
gral to creation of risk reimbursement models in the field.

Gynecologic oncology patients as a group lack charac
terization of baseline health status which has been previ
ously shown as paramount to understanding outcomes in
this population. As payforperformance replaces feefor
service care in the US, payment models must consider co
morbidity profiles of complex patient groups such as gyne
cologic oncology patients in order to adequately account for
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expected outcomes. Additional risk models accounting for
comorbidity factors and their potential impact on surgical
and nonsurgical health related outcomes in a perioperative
period of care should be developed. Overall cost of care for
varying degrees of medically complex patients undergoing
hysterectomy should be examined.
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