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Background: Recent studies suggest an association between prostate cancer and inflammatory bowel
disease (IBD). Our objectives were to investigate clinical and financial impacts of IBD on radical pros-
tatectomy (RP) and to determine the impact of surgical approach on our findings.
Methods: The Premier Hospital Database was queried for patients who underwent RP from 2003 to
2017. Multivariable logistic regression models were used to determine the independent impact of IBD on
complications and readmission rates. We determined 90-day readmissions and examined 90-day hos-
pital costs adjusted to 2019 US dollars with multivariable quantile regression models.
Results: Our study population included 262,189 men with prostate cancer, including 3,408 (1.3%) with
IBD. There were higher odds for any complication for IBD patients compared with non-IBD controls for
RP (15.64% vs. 10.66%). Patients with IBD had overall complication rates of 14.1% (P < 0.05) for open
surgery and 17.2% for minimally invasive surgery (MIS) (P < 0.01). Between 2013 and 2017, the IBD cohort
had significantly more complications (odds ratios (ORs): 2; 95% confidence interval (CI): 1.5 to 2.67; P <
0.0001), was more likely to have surgical costs in the top quartile (OR: 1.6; 95% CI: 1.23 to 2.1; P < 0.01),
and had higher readmission rates (OR: 1.51; 95% CI: 1.1 to 2.06; P ¼ 0.01).
Conclusions: The IBD cohort who underwent MIS had the highest complication rates. Hospital read-
missions and surgical costs were significantly higher for the IBD cohort who underwent RP between 2013
and 2017, when a minimally invasive approach was more prevalent than an open approach. These
findings may be important when deciding which surgical approach to take when performing RP on men
with IBD.
© 2020 Asian Pacific Prostate Society. Published by Elsevier B.V. This is an open access article under the

CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Inflammatory bowel disease (IBD), which is comprised of
Crohn's disease and ulcerative colitis, is estimated to affect 1.3% of
US adults [1, 2]. This percentage has steadily increased in indus-
trialized countries and is projected to increase further [3]. As these
are chronic conditions, it is reasonable to expect that patients with
IBD will undergo surgery for other health problems within their
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lifetimes. However, there is a significant knowledge gap regarding
the impact of IBD on surgical outcomes and the cost of care.

Prostate cancer has the highest incidence amongst all cancers in
men, with one in eight men predicted to develop it in the course of
their lives [4]. Therefore, it is reasonable to assume that many men
with IBD will also develop prostate cancer. In fact, Burns et al [5]
recently demonstrated an increased risk of prostate cancer in men
with a history of IBD using a retrospective, matched-cohort study
model. They postulated this to be a result of the heightened in-
flammatory state in people with IBD leading to inflammation of the
prostate with subsequent development of carcinoma. Ge et al [6]
performed a meta-analysis of nine studies and also demonstrated
an elevated risk of prostate cancer in patients with ulcerative
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Table 1
Patient, hospital, and surgical characteristics.

Radical prostatectomy

No IBD IBD p

n ¼ 258781 (98.7%) n ¼ 3408 (1.3%)

Patient characteristics
Age (years) 0.26
<45 1% 0.4%
�45 to 55 15.1% 16.9%
�55 to 65 45% 43.8%
�65 to 75 36% 34.6%
�75 2.9% 3.8%

Race (%) <0.001
White 73.8% 81.5%
Nonwhite 26.2% 18.5%

Marriage (%) 0.93
Married 28.9% 28.5%
Not married 71.1% 71.5%

Charlson Comorbidity Index (%) 0.005
0 to 1 84.4% 79.2%
2 to 3 12.6% 16.9%
�4 3% 4%

Insurance status (%) 0.08
Medicare 33.8% 36.2%
Medicaid 1.7% 1.6%
Managed care 51.4% 46.9%
Commerical 8.7% 11.5%
Other 4.4% 3.5%

Hospital characteristics
Teaching Hospital (%) 0.35
No 38.9% 43.8%
Yes 61.1% 56.2%

Urban (%) <0.001
No 2.5% 6.7%
Yes 97.5% 93.1%

Surgical characteristics
Surgical approach (%) <0.001
Open 35% 46.9%
Minimally invasive 65% 53.1%

IBD, inflammatory bowel disease.
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colitis. Given this link, our study aimed to quantify the risk of
complications in the perioperative period for patients with IBD
with prostate cancer undergoing radical prostatectomy (RP). This is
especially important because patients with IBD are generally
steered away from radiotherapy when diagnosed with prostate
cancer, thus making surgery the favored treatment modality [7, 8].

Urologists have transitioned from an open retro-pubic approach
to minimally invasive surgery (MIS) for RP in recent years. The
minimally invasive approach consists of laparoscopic surgery, both
with and without robotic assistance, although the intraoperative
approach is similar [9]. Studies have found comparable effective-
ness and postoperative complications between these different
modalities in a normal cohort [10, 11]. However, to the best of our
knowledge, the impact of this transition on patients with IBD un-
dergoing RP has never been investigated. Our study is therefore the
first to do so.

We hypothesized that patients with IBDwould have higher rates
of perioperative complications, readmissions, and higher operative
costs than a non-IBD cohort for RP because of the chronic inflam-
mation associated with IBD. Specifically, we hypothesized that a
minimally invasive approach would be associated with worse
outcomes because of intra-abdominal entry versus an extraper-
itoneal open approach.

2. Materials and Methods

2.1. Data source

Data were extracted from the Premier Hospital Database (Pre-
mier Inc., Charlotte, NC), a nationally representative hospital-based
dataset. It contains data from approximately 1000 nonfederal ac-
ademic and nonteaching hospitals, representing approximately
25% of annual inpatients in the United States. There is a unique
patient identifier that allows for longitudinal tracking of patients.
Thus, length of stay, cost information, and readmission data are
collected over a 90-day period. Because patients are deidentified,
our study was institutional review board-exempt [12].

2.2. Study cohort

We included all patients who underwent RP from January 1,
2003 to December 31, 2017, with International Classification of
Disease, Ninth Revision (ICD9 60.5, 60.62, 60.69) and Tenth Revi-
sion (ICD10 0V00ZZ, 0V04ZZ, 0V07ZZ, 0V08ZZ). We included pa-
tients who had an associated diagnosis of prostate cancer (ICD9
185, ICD10 C61). To control for potential confounds, we examined
patient characteristics including age, race, marital status, insurance
status (Medicare, Medicaid, managed care, commercial, or other),
hospital characteristics including type (teaching vs. nonteaching),
location (urban vs. rural), and surgical approach (open vs. mini-
mally invasive). To account for baseline health status, we calculated
the Charlson Comorbity Index based on administrative codes [13].

2.3. Outcomes

The primary outcome was 90-day postoperative complications,
which was assessed based on Clavien-Dindo classification [14] and
organ systems [15]. Minor complications were considered Clavien-
Dindo Grades I and II, and major complications were considered
Clavien-Dindo Grades III, IV, and V. Secondarily, we also calculated
90-day direct hospital costs adjusted to 2019 US dollars and
determined 90-day readmissions. For costs, we identified patients
who had a high cost hospitalization, defined as the top quartile of
cost.
2.4. Statistical analysis

Descriptive statistics were used to evaluate the clinical, de-
mographic, surgical, and hospital characteristics for the study
cohort. Pearson's chi-square test was used for categorical variables.
The cohort was divided into time periods (2003-2007, 2008-2012,
and 2013-2017) to reflect the changing surgical approach during
the study period, and we performed trend analysis using Pearson's
correlation. Multivariable logistic regression models were used to
determine the independent impact of IBD on complication and
readmission rates, adjusting for the variables listed in Table 1.
Hospital costs were examined with multivariable quantile regres-
sion models. We adjusted for hospital clustering and applied
sampling weights to achieve a nationally representative analysis as
previously described [16]. Statistical significance was determined
with an alpha level of less than 0.05 being statistically significant.
All data analysis was performed with Stata 15.1 (College Station,
TX).

3. Results

3.1. Study cohort

The weighted study population consisted of 262,189 patients, of
which 3,408 (1.3%) patients had a history of IBD. Hospital and
surgical characteristics are also presented in Table 1. An open sur-
gical approach accounted for 46.9% of RP among patients with IBD
and 35% for patients without IBD.
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3.2. Trends in Surgical Approach and Outcomes

Fig. 1 presents trends in surgical approaches for patients with
IBD. MIS accounted for 27% of RP in 2013 and 72% by 2017 (Fig. 1).
Table 2 presents the odds for the outcomes of 90-day postoperative
complications, high cost surgery, and readmission among patients
with IBD and patients without IBD who underwent prostate sur-
gery between 2003 and 2017. In the earliest time period (2003 to
2007), there were no statistically significant differences between
the non-IBD and the IBD cohorts in complication rates, the odds of
high cost surgery, and readmissions. From 2008 to 2012, there was
a trend for greater minor complications among patients with IBD
(odds ratio [OR]: 1.43; 95% confidence interval [CI]: 0.95 to 2.14;
P¼ 0.08), whereas therewas no difference for major complications,
high cost surgery or readmissions between the two groups. In the
most recent time period (2013 to 2017), patients with IBD were
consistently more likely to experience a postoperative complica-
tion, whichwas true forminor complications (OR: 1.73; 95% CI: 1.24
to 2.41; P < 0.01) andmajor complications (OR: 2.56; 95% CI: 1.63 to
4.03; P < 0.01). Corresponding to the increased complication rate,
patients with IBD had significantly higher odds for high cost sur-
gery (OR: 1.6; 95% CI: 1.23 to 2.1; P < 0.01) and readmission (OR:
1.51; 95% CI: 1.1 to 2.06; P ¼ 0.01).

3.3. Interaction of IBD and surgical approach for complications

Fig. 2A depicts the interaction between IBD status and surgical
approach with respect to postoperative complications in our study
cohort based on predicted probabilities from our multivariable
model. In general, the IBD cohort consistently had higher rates of
overall complications, minor complications, and major complica-
tions than the non-IBD cohort irrespective of the surgical approach.
Although patients without IBD had comparable overall complica-
tions rates for both surgical approaches, which were approximately
10% (P ¼ 0.73), patients with IBD had overall complication rates of
14.1% (P < 0.05) for open surgery and 17.2% for MIS (P < 0.01). When
specifically examining minor and major complications, the same
pattern was observed though the only group achieving a statisti-
cally significant difference was the IBD cohort undergoing MIS.

3.4. Complications by system

Fig. 2B shows postoperative complications for patients who
underwent a major surgery for urologic cancer. Compared with
patients without IBD, patients with IBD who underwent RP had
significantly more hematologic (0.8% vs 0.1%; P < 0.0001), gastro-
intestinal (3.4% vs 1.7%; P < 0.01), infectious (1.4% vs 0.6%; P¼ 0.01),
pulmonary (3.0% vs 1.2%; P < 0.01), renal (3.3% vs 1.9%; P ¼ 0.02),
and venous thromboembolic (VTE) (1.0% vs 0.1%; P < 0.0001).
Although not significant, neurologic (0.7% vs 0.3%; P ¼ 0.06) and
Fig. 1. Surgical approach for patients with IBD. IBD, inflammatory bowel disease.
surgical (1.2% vs 0.6%; P ¼ 0.07) complications also trended toward
higher complication rates in the IBD cohort (Fig. 2B).

4. Discussion

This nationally representative contemporary study of RP in the
United States reveals that men with IBD experience more surgical
complications, higher cost surgery, and more frequent read-
missions compared with patients without IBD (Table 2). Our anal-
ysis suggests this discrepancy in surgical outcomes was mostly
attributed to the use of MIS approach, which supports our hy-
pothesis that transperitoneal surgery places patients with IBD at a
unique risk resulting inworse outcomes. Not only did patients with
IBD experience more bowel complications but also had increased
complications across multiple systems including pulmonary, renal,
infectious, and vascular.

When analyzing the trends for outcomes across time periods,
we discovered that outcomes for patients with IBD worsened
compared with patients without IBD in parallel to the widespread
adoption of MIS for RP. MIS, both with and without robotic assis-
tance, was introduced in 2000 in the United States [17]. The use of
robotic-assistedMIS drastically increased from 1% in 2001 to 40% in
2006 [18]. The robotic-assisted approach made up about 75% of RP
by 2017 [19]. We found that the proportion of IBD patients with
prostate cancer undergoing MIS directly corresponded to national
trends (Fig. 1), and as MIS became the predominant approach for
RP, we observed progressively worse outcomes for patients with
IBD (Table 2).

This contemporary transition for prostate cancer surgery was
associated with a shift from an extraperitoneal surgery to a trans-
peritoneal surgery. Although this change is unlikely to dramatically
impact most men with prostate cancer, patients with IBD have un-
derlying chronic inflammation of the digestive system. Therefore, it
is plausible that this inflammatory process can be aggravated by
pneumoperitoneum, manipulation of the bowel, or contact with
surgical instruments. Prior gastrointestinal surgery for patients with
IBD resulting in scar tissue is another possible explanation.

After stratifying by organ system, patients with IBD sufferedmore
infectious complications (1.4% vs 0.6%; P ¼ 0.01). Other studies have
shown that infection is one of the most common reasons that pa-
tients with IBD are readmitted to the hospital, with infections esti-
mated to make up about 10.8 to 27.8% of readmissions [20, 21]. The
high infection rate has often been attributed to the immunosup-
pression caused by corticosteroid and antitumor factor treatments,
previous surgeries, as well as malnutrition, which is common for
patients with IBD [22]. However, a study by Navaneethan et al. [23]
adjusted for these factors and still found patients with Crohn's dis-
ease to have significantly higher rates of postoperative complications
after undergoing cholecystectomy, predominantly infection. Our
study also found increased hematologic (0.8% vs 0.1%; P < 0.0001)
and VTE (1.0% vs 0.1%; P < 0.0001) complications in patients with IBD
compared with patients without IBD who underwent RP. This is
consistent with reported data that the risk of VTE is three times
higher for people with IBD [24]. Finally, we observed increased rates
of gastrointestinal (3.4% vs 1.7%; P ¼ 0.0029), pulmonary (3.0% vs
1.2%; P ¼ 0.0002), and renal (3.3% vs 1.9%; P ¼ 0.02) complications
with neurologic and surgical complications also trending toward
higher complication rates in the IBD cohort (Fig. 2B). Future studies
should investigate these associations.

Our finding is in accordance with studies of patients with IBD in
the orthopedic and bariatric literature [25, 26]. Hospital admissions
for patients with IBD currently present a significant cost burden to
the US health-care system. In fact, in a study using the National
Inpatient Sample, the annual inpatient cost was estimated to be
$945 million for patients with ulcerative colitis and $1.3 billion for



Table 2
Ninety-day outcomes among patients who underwent prostate surgery between 2003 and 2017. The variables listed in Table 1 were adjusted for usingmultivariable regression
models.

2003 - 2007 2008 - 2012 2013 - 2017

n ¼ 61,119 n ¼ 110,255 n ¼ 90,816

IBD vs no IBD aOR (95% CI) p IBD vs no IBD aOR (95% CI) p IBD vs no IBD aOR (95% CI) p

Overall complications 1.02 (0.38 to 2.74) 0.97 1.41 (0.97 to 2.05) 0.07 2 (1.5 to 2.67) <0.0001
Minor complications 0.86 (0.29 to 2.57) 0.79 1.43 (0.95 to 2.14) 0.08 1.73 (1.24 to 2.41) 0.001
Major complications 2.4 (0.31 to 18.61) 0.4 1.15 (0.43 to 3.06) 0.78 2.56 (1.63 to 4.03) <0.0001

High cost surgery
Top quartile 1.38 (0.77 to 2.47) 0.27 1.19 (0.88 to 1.6) 0.26 1.6 (1.23 to 2.1) 0.001

Readmissions 1.29 (0.5 to 3.33) 0.6 1.08 (0.49 to 2.38) 0.85 1.51 (1.1 to 2.06) 0.01

aOR ¼ adjusted odds ratios; IBD, inflammatory bowel disease.

Fig. 2. Surgical complications. (A) Minor complications were considered Clavien-Dindo Grades I and II. Major complications were considered ClavieneDindo Grades III, IV, and V. (B)
Complications by system. * denotes significance with respect to the No IBD e open cohort. IBD, inflammatory bowel disease.
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patients with Crohn's disease [27]. This is an important consider-
ation for patients with IBD with urologic malignancies.

The links between IBD and urologic cancers are just beginning to
be elucidated. In general, IBD is associated with higher risks of
extra-intestinal malignancies [28, 29]. The previously mentioned
study by Burns et al. [5] found that men with IBD were at a four to
five times higher risk of acquiring clinically significant prostate
cancer compared with matched controls. Given the positive
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associations of IBD with urologic malignancies and the increasing
incidence and prevalence of IBD in the United States, the potential
increased morbidity and cost associated with surgical intervention
is paramount in perioperative counseling. When deciding which
surgical approach to take for men with IBD undergoing RP, it is
important for surgeons and patients to consider potentially higher
complication rates, costs, and readmissions associated with MIS
compared with an open approach. The results of our study suggest
that open surgery or an extraperitoneal MIS approach may be
preferred options for patients with IBD.

This study has several limitations. First, we were not able to
adjust for immune suppression or malnutrition in our study. Thus,
future studies could control for these factors by recording medi-
cations, inflammatory markers such as C-reactive protein, and
prealbumin levels. In addition, we did not have access to patient
surgical histories. However, a 2010 study by Ginzburg et al. [30]
compared men with and without a history of previous abdominal
surgery who underwent robotic-assisted laparoscopic RP and
found no significant differences in surgical time or complication
rates. Similarly, a 2015 study by Ball et al. [31] compared men with
and without a history of previous abdominopelvic or inguinal
surgery who underwent minimally invasive RP and found no sig-
nificant differences in overall, major, or abdominal complications.
Thus, we do not expect prior surgical history to impact our results.
Moreover, despite using such a large dataset, there were a small
number of IBD patients, which could be a result of coding inac-
curacies, although coding issues would be expected to be similar
between the IBD and non-IBD cohorts. Another limitation is that
the Premier Hospital Database only captures inpatient periopera-
tive events although it is likely that only minor complications are
managed in the out-patient setting. In addition, we did not have
access to prostate cancer stage or grade data, which will could
affect postoperative outcomes. However, recent studies have
shown similar perioperative complication rates in men with met-
astatic prostate cancer undergoing cytoreductive RP compared
with men who underwent RP for localized disease, making stage
and grade less likely contributors to the differences seen [32]. In
addition, although our study shows a clear link between surgical
approach and complication rates, we are not able to determine
causality due to the retrospective nature of our study. Finally, we
were unable to control for intraperitoneal vs. extraperitoneal MIS
surgery using the Premier Hospital Database. Nevertheless, a vast
majority is performed via a transperitoneal approach.

In conclusion, our study shows that men with IBD are at
increased risks for various postoperative complications after RP
compared with their non-IBD counterparts, largely attributed to a
shift in surgical treatment from an open extraperitoneal approach
to a transperitoneal MIS approach. This was not the case for the
non-IBD cohort, in which the type of surgical approach did not
significantly affect complication rates. The IBD cohort also had
higher surgical and readmission rates between 2013 and 2017,
paralleling the increased proportion of MIS used in more recent
years. Patients with IBD presenting with prostate cancer should be
counseled about the risks and costs associated with MIS RP.
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