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Abstract

Background: There are limited data examining the risk of prostate cancer (PCa) in
patients with inflammatory bowel disease (IBD).
Objective: To compare the incidence of PCa between men with and those without IBD.
Design, setting, and participants: This was a retrospective, matched-cohort study
involving a single academic medical center and conducted [3_TD$DIFF]from 1996 [4_TD$DIFF] to 2017. Male
patients with IBD (cases = 1033) were randomly matched 1:9 by age and race to men
without IBD (controls = 9306). All patients had undergone at least one prostate-specific
antigen (PSA) screening test.
Outcome measurements and statistical analysis: Kaplan-Meier and multivariable Cox
proportional hazard models, stratified by age and race, evaluated the relationship
between IBD and the incidence of any PCa and clinically significant PCa (Gleason grade
group �2). A mixed-effect regression model assessed the association of IBD with PSA
level.
Results and limitations: PCa incidence at 10 yr was 4.4% amongmenwith IBD and 0.65%
among controls (hazard ratio [HR] 4.84 [3.34–7.02] [3.19–6.69], p < 0.001). Clinically
significant PCa incidence at 10 yr was 2.4% for men with IBD and 0.42% for controls (HR
4.04 [2.52–6.48], p < 0.001). After approximately age 60, PSA values were higher among
patients with IBD (fixed-effect interaction of age and patient group: p = 0.004). Results
are limited by the retrospective nature of the analysis and lack of external validity.
Conclusions: Menwith IBD had higher rates of clinically significant PCawhen compared
with age- and race-matched controls.
Patient summary: This study of over 10 000 men treated at a large medical center
suggests that men with inflammatory bowel disease may be at a higher risk of prostate
cancer than the general population.
© 2018 European Association of Urology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

While recommendations regarding screening for prostate
cancer (PCa) with a serum prostate-specific antigen (PSA)
test are controversial, several guideline panels support a
shared decision-making approach [1]. Notably, the United
States Preventative Services Task Force has acknowledged a
need for additional research to inform screening recom-
mendations for men at an increased risk of death from PCa,
such as African Americans and those with a strong family
history [2]. In general, it is important to better understand
and quantify the risk of clinically significant PCa among
vulnerable populations.

Epidemiologic studies have noted an association be-
tween chronic inflammation and PCa [3,4]. Inflammatory
bowel disease (IBD) is a common chronic inflammatory
condition comprising Crohn's disease (CD) and ulcerative
colitis (UC) [5]. Patients with IBD have an increased risk of
gastrointestinal malignancy, as well as certain extraintest-
inal malignancies [6,7]. There are limited data describing
the risk of PCa in men with IBD and no reports comparing
PSA levels in men with and without IBD. Therefore, we
performed a retrospective cohort study comparing the
incidence of any and clinically significant PCa between men
with and those without IBD who underwent PSA screening
at a large academic medical center.

2. Patients and methods

2.1. Patient cohort

After obtaining internal review board approval, the Northwestern
Medicine administrative dataset repository was queried for adult male
patients who presented to any clinic within the Northwestern Medicine
network from July 1996 through June 2014. All patients underwent at
least one PSA screening test. We matched 1033 patients who had ever
been diagnosed with IBD (cases) 1:9 to a randomly selected group of
9306 non-IBD patients (controls) by 10-yr age groupings (age defined at
first PSA test) and race. IBD diagnosis was determined by International
Classification of Disease-9 (ICD-9) codes (555 for CD and 556 for UC).
Follow-up time for all patients was the duration between a patient's first
PSA test and last physician encounter. We conducted a random 5% chart
review of the entire cohort to ensure accuracy.

2.2. Outcomes

The primary outcomes were a diagnosis of PCa (ICD-9 code 185) and a
diagnosis of clinically significant PCa, defined as a Gleason score of �7
(Gleason grade groups 2–5) [8]. PCa diagnosis was confirmed by a chart
review. Gleason scorewas determined from biopsy or surgical pathology
if available. The secondary outcome was screening serum PSA value
(Current Procedural Terminology code 84153) stratified by age range. If a
patient was diagnosed with PCa, subsequent PSA tests were excluded.
The incidence of metastatic disease (N+ or M + ) was also assessed by a
chart review.

2.3. Covariates

Initial PSA value and the number of PSA tests were included in
multivariable analyses. A history of abnormal rectal examination was
determined by ICD-9 coding for an abnormal digital rectal examination
(796.4) and/or prostate induration (600.10 and 600.11). Among patients
with IBD, IBD-related covariates, including duration of disease (�20 or
<20 yr), history of bowel resection, and use of immunomodulatory
medications such as infliximab, adalimumab, and vedolizumab, were
determined by a chart review.

2.4. Statistical analysis

The number of abnormal rectal examinations, cases of any PCa, and cases of
clinically significant PCa were compared between control and IBD groups
over a standardized follow-upperiod of 5 yr. PCa incidenceswere calculated
using Kaplan-Meier analyses. Hazard ratios (HRs) were generated using
multivariableCoxmodels, stratifiedby the criteriaused forpatientmatching
(ie,10-yragegroupsandrace). Covariates thatwere time[5_TD$DIFF]-dependent (ie[1_TD$DIFF] total
number of PSA tests and a history of an abnormal rectal examination) were
allowed to vary over the study period [9]. Interaction analyses were used to
examine the impact of several key variables (ie, the number of PSA results,
baseline serumPSAvalue, and age at first PSA test) on the association of IBD
with any PCa and clinically significant PCa.

We performed a sensitivity analysis of the IBD-PCa association
excluding IBD cases inwhich a definitive diagnosis date—and therefore a
history of IBD prior to PCa diagnosis in applicable patients—could not be
confirmed. Crude incidences of PCa and clinically significant PCa per
100 000 person-years were compared between controls and cases. Last,
Cox analyses for the outcomes of any PC and clinically significant PCa
were also performed among men with IBD only, with the inclusion of
IBD-related covariates.

To assess the association of IBD with PSA value, we fitted a mixed-
effect regression model. If a patient underwent more than one PSA test,
each observation was included. The model contained fixed effects for
time, age, and IBD status, plus randomeffects for intercept and time from
the first observation. To evaluate whether the effect of IBD status on the
serum PSA level was dependent on age, we used a likelihood ratio test to
evaluate the fixed-effect interaction of age and group (ie, control or IBD).
While all PSA values were included in the mixed model, exclusively
initial PSAvalues fromeach patientwere used to represent PSAestimates
graphically by age and IBD status. Mixed regression analyses were
performed in SAS version 9.4. All other analyses were completed with
Stata 14 with p < 0.05 being considered significant.

3. Results

3.1. Demographics

The median age of both case and control groups at first PSA
measurement was 53 yr (Table 1). Of the patients, 74% were
white. Median follow-up time was longer for cases (6.5 yr)
than for controls (4.7 yr). At 5 yr of follow-up, the median
number of PSA tests was 2 for both groups. Moreover, after
5 yr, 355 control patients and 58 patients with IBD were
noted to have abnormal rectal examinations.

3.2. Dataset validation

Clinical variables for 455 patients (5%) were confirmed via a
chart review. One discrepancy (0.2%) was observed in the
date of PCa diagnosis, two discrepancies in the date of first
PSA test (0.4%), and three discrepancies in patients who had
undergone prostate biopsy (0.6%). However, there were no
discrepancies in PCa diagnosis, Gleason score, CD or UC
diagnosis, age at first PSA, and PSA values. Given minimal
discrepancies, no adjustments were felt to be necessary.



Table 1 – Demographic characteristics of patients in IBD and control groups

Characteristics Controls IBD

Total, n 9306 1033
Age (yr), median (IQR) 53 (46–61) 53 (46–62)
Age group (yr), n (%)
<40 630 (6.8) 70 (8.0)
40–49 2602 (28.0) 288 (27.9)
50–59 3304 (35.5) 366 (34.7)
60–69 1978 (21.3) 221 (21.4)
70+ 792 (8.5) 47 (8.5)

Race, n (%)
White 6899 (74.1) 767 (74.3)
Black 757 (8.1) 85 (8.2)
Asian 72 (0.8) 8 (0.8)
Other 579 (6.2) 66 (6.4)
Declined/unknown 998 (10.7) 107 (10.3)

Number of PSA results at 5-yr follow-up, median (IQR) 2 (1, 3) 2 (1, 3)
Number of abnormal rectal examinations at 5-yr follow-up 355 58
Number of prostate cancer cases at 5-yr follow-up 29 30
Number of clinically significant prostate cancer cases at 5-yr follow-up 17 16
Follow-up time among patients without prostate cancer (yr), (IQR) 4.7 (0.7–9.0) 6.5 (2.5–10.5)

IBD = inflammatory bowel disease; IQR = interquartile range; PSA = prostate-specific antigen.

[(Fig._1)TD$FIG]

Fig. 1 – Kaplan-Meier failure curves for (A) any prostate cancer and (B)
clinically significant prostate cancer, stratified by IBD status.
IBD = inflammatory bowel disease.
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3.3. Association between IBD and PCa

The 5- and10-yr incidences of any PCawere 2.8% and4.4% for
cases and0.25%and0.65% for controls, respectively (log-rank
p< 0.001; Fig. 1). The incidences of clinically significant PCa
were 1.6% and 2.4% for cases and 0.17% and 0.42% for controls
at 5 and 10 yr, respectively (log-rank p < 0.001). In multivar-
iable Cox proportional hazard models, IBD was associated
with any PCa (HR 4.84 [3.34–7.02], p < 0.001; Fig. 2) and
clinically significant PCa (HR 4.04 [2.52–6.48], p< 0.001).
When Cox analyses were repeated excluding patients with
IBD whose diagnosis date could not be determined, IBD was
still associatedwith any PCa (HR 4.44 [2.98–6.62], p< 0.001;
Supplementary Table 1) and clinically significant PCa (HR
3.72 [2.15–6.42], p< 0.001). In total, sixmenwithout IBDand
threewith IBDwere diagnosedwithmetastatic PCa (N+ orM
+). The incidences at 10 yr were 0.19% for cases 0.03% for
controls (log-rank p = 0.061).

The crude incidences of any PCa were 715 cases in
patients with IBD and 167 cases among controls per
100 000 person-years (Fig. 3). The incidences of clinically
significant PCa were 462 cases in patients with IBD and
115 cases among controls per 100 000 person-years.
3.4. Interaction analyses

There was no interaction between IBD and the number of
PSA tests (p = 0.5), age (p = 0.2), or baseline PSA value
(p = 0.5) for a diagnosis of any PCa (Supplementary Fig. 1).
This was similar for a diagnosis of clinically significant
PCa.
3.5. IBD characteristics and PCa

Among patients with IBD, disease duration of >20 yr
(p = 0.6), use of biologic medications (p = 0.6), a history of
bowel resection (p = 0.4), and a diagnosis of UC versus CD
(p = 0.6) were not associated with a diagnosis of any PCa
(Supplementary Table 2). There was similarly no significant
association with clinically significant PCa (p = 0.2, p = 0.7,
p = 0.6, and p = 0.3, respectively).



[(Fig._2)TD$FIG]

Fig. 2 – Multivariable Cox proportional hazard models of the association of IBD with (A) any prostate cancer and (B) clinically significant prostate
cancer, stratified by 10-yr age groups and race. Models included number of PSA tests, baseline PSA value continuous by 1 ng/ml, and history of
abnormal rectal examination or nodular prostate. CI = confidence interval; HR = hazard ratio; IBD = inflammatory bowel disease; PSA = prostate-specific
antigen.
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3.6. PSA values by IBD status

A total of 27 221 PSA measurements were assessed for men
without IBD and 3357 for men with IBD. There was a slight
trend toward a higher number of PSA tests and higher PSA
values among patients with IBD (Supplementary Figs. 2 and
3). Overall, 80.3% of men without IBD and 76.3% with IBD
underwent one to four PSA tests. While PSA estimates were
similar in younger patients, age-specific PSA values were
significantly higher in patients with IBD in older age,
starting at approximately age 60 (Fig. 4 and Supplementary
Table 3). The impact of older age on the relationship
between IBD status and PSA level is reflected by the fixed-
effect interaction of age and IBD status (p = 0.004).

4. Discussion

The prevalence of PCa and the morbidity associated with
both PCa and its treatment necessitate shared decision
making regarding PSA-based screening. Factors influencing
either the risk of PCa or serum PSA values may have
implications for the shared decision-making process. In this
retrospective, matched-cohort analysis, IBD was associated
with a substantially increased risk of any and clinically
significant PCa among a screened population. Further, older
men with IBD had higher serum PSA levels than matched
controls.

Two recent population-based series noted an association
between PCa andUC [10,11]. Neither detected an association
between PCa and CD. Importantly, both cohorts had a
greater number of older patients (ie, age >40 yr) with UC
than with CD. As the risk of PCa increases with age, cohort
composition may have influenced the results of these
studies. In contrast, a meta-analysis of population-based
studies including >12 000 patients found no increased
incidence of PCa among patientswith IBD [7]. This series did
not report PCa screening patterns, and seven of eight
included studies were performed before the PSA screening
era [12]. Further, this meta-analysis included adult patients
of all ages, rather than patients of a representative age range
for PCa screening.

Our study reports an increased risk of any PCa among
men with IBD who were in an appropriate age group to be
considered for PCa screening. Importantly, our study is the
first to demonstrate an increased risk of clinically significant
PCa for men with IBD, as previous investigations did not
assess PCa incidence by grade. This is relevant for a cohort of
men with a chronic illness. Such patients may already be
subjected to frequent healthcare encounters, and a diagno-
sis of low-grade PCa may lead to unnecessary additional
treatment or observation. However, men with higher-grade
PCa often benefit from treatment in terms of survival and
prevention of metastatic disease [13]. Although we did not
find any association between IBD and metastatic PCa, this
analysis was limited by the number of cases.

We attempted to explain our findings regarding the
increased incidence of PCa by further assessing the trends in
PSA values. Our results indicate that with increasing age,
therewas a growing disparity inmedian PSA levels between
cases and controls. While the incidence of PCa may have
contributed to discrepancies in PSA values, prostatic
inflammation is also known to elevate[2_TD$DIFF] serum PSA levels.
The link between prostatitis and PSA is thought to be due to
disruption of the cellular architecture of the prostate
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Fig. 3 – Incidence of (A) any prostate cancer and (B) clinically significant
prostate cancer per 100 000 person-years, stratified by IBD status.
IBD = inflammatory bowel disease; PCa = prostate cancer; 100k = 100 000.
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[14]. Subsequent repetitive tissue destruction and regener-
ation may play a role in the development of PCa [15].

The local inflammation observed in IBD frequently (CD)
or invariably (UC) involves the rectum. IBD also exerts a
systemic inflammatory effect, causing elevations of serum
acute-phase reactants, such as C-reactive protein [16]. In-
deed, elevations in acute-phase reactants have previously
been associated with higher PSA values [17]. It is conceiv-
able that the local or systemic inflammatory state resulting
from IBDmay lead to chronic prostatic inflammation and, in
[(Fig._4)TD$FIG]
Fig. 4 – Initial PSA value by age and IBD status estimated by longitudinal mixe
specific antigen.
some cases, eventual development of PCa. Future work
discerning a mechanistic connection between IBD-related
inflammation, PSA levels, and incident PCa is warranted.

It is also possible that reduced immune surveillance—
rather than excessive inflammation—could provide a link
between IBD and PCa. Immunomodulatory treatments used
to mitigate the autoimmune activity of IBD have been
associated with an increased risk of extraintestinal malig-
nancy [18]. In our study, we did not detect an increased risk
of PCa among men with IBD on immunomodulatory
medications. However, a limitation of our analysis was
not accounting for the duration of medication use. While
the potential role of immunomodulatory medications is
intriguing, there is currently insufficient evidence to
demonstrate a link between these drugs and PCa [19].

PCa and IBD each have a significant genetic predisposi-
tion [20,21]. Genome-wide association studies have identi-
fied numerous susceptibility alleles for IBD and PCa
[22,23]. Shared risk alleles could partially explain the
association between IBD and PCa. A notable example is
folate hydrolase 1 (FOLH1) or prostate-specific membrane
antigen (PSMA). FOLH1/PSMA is upregulated in IBD.
Inhibition of FOLH1/PSMA has ameliorated the evidence
of colitis in mice [24]. FOLH1/PSMA is also overexpressed in
PCa [25]. The recent work by Kaittanis et al. [26] found that
FOLH1/PSMA induced phosphoinositide 3-kinase (PI3 K)
signaling, a known pathogenic pathway in PCa. In preclini-
cal models, inhibition of FOLH1/PSMA decreased PI3 K
signaling and led to tumor regression. FOLH1/PSMA is a
robust illustration of the potential for shared genetic
susceptibility between IBD and PCa.

It is conceivable that high rates of PCa among IBD
patients may result from greater outcome ascertainment in
the IBD group, as patients with IBD commonly have
frequent encounters with healthcare providers [27]. Addi-
tionally, based on the nature of the disease, men with IBD
would be more likely to undergo rectal examinations.
Indeed, we noted more abnormal rectal examinations
among men with IBD. In interaction analyses, we report
that the relationship of IBD and PCa was not highly
dependent on the number of PSA screening tests. However,
in our study, we were not able to directly measure
d-effect regression. IBD = inflammatory bowel disease; PSA= prostate-
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healthcare utilization or its effect on the primary outcome.
The significance of contact with healthcare providers
remains an important question underlying the association
between IBD and PCa, which requires further investigation.

The risk of PCa increases with age. Further, previous
studies have found that subtle elevations in PSA above the
age-specificmedian level are predictive of increased rates of
PCa and advanced PCa [28]. In our study, interaction
analyses demonstrated that the association between IBD
and PCa does not appear to be highly dependent on older
age or PSA values. These findings highlight the important
role of investigating the benefits and harms of PCa screening
in high-risk populations. Future studies should seek to
determine the appropriate age to begin discussing PCa
screening and interpretations of PSA values among patients
with IBD.

Strengths of our study include cohort size and distribu-
tion over a representative age range, and longitudinal
follow-up of all patients over a period of nearly 21 yr. A
random chart review of our data demonstrated minimal
discrepancies in the primary outcomes. Importantly, the
findings of our study were highly statistically significant,
even after adjustment for pertinent covariates.

Our study has several limitations. The analyses were
retrospective and thus cannot account for unmeasured
variables, such as disease location in IBD, markers of IBD
severity (ie, C-reactive protein), family history of PCa, and
socioeconomic data. The study assessed patients seen at an
academic medical center, which limits its external validity.
We report PCa diagnosis but not morbidity or mortality
related to PCa and its treatments. Nevertheless, stratifica-
tion by Gleason grade group allowed us to identify
clinically significant PCa by tumor grade. We were further
not able to determine a surrogate covariate representing
healthcare utilization such as the number of physician
office visits over time [27]. We also acknowledge that some
patients may have received PSA tests outside of the
Northwestern health system, whichmay explainwhy some
men were elderly (>70 yr) at the start of their PSA testing.
However, this would not alter the primary outcome of
incident PCa.

5. Conclusions

In a retrospectivematched-cohort study, menwith IBDwho
underwent PSA-based PCa screening had higher rates of any
and clinically significant PCawhen compared with age- and
race-matched men without IBD. These findings warrant
future prospective investigation to better understand the
relationship between IBD and PCa.
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