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Results: A total of 173 patients with at least two surveillance colonoscopies with PIPs

In survival analysis, the presence or PIPs at index colonoscopy did not impact the risk
of CRN in patients with histological inflammation (p=0.83) and in patients without
histological inflammation (p=0.98). The risk of CRN was associated with increasing
Nancy index score of 3 or 4 (HR: 4.16; 95% Cl 1.50-11.52 and HR: 3.44; 95% Cl 1.63-
7.24), age (HR per 10-year increase: 1.37; 95% Cl 1.13-1.66) and first-degree family
history of colorectal cancer (HR: 5.87; v 1.31-26.26), but not PIPs (HR: 1.17; 95% Cl
0.63-2.17).

Conclusions: After controlling for histologic activity, PIPs do not increase the risk of
CRN in IBD patients. Histologic activity rather than PIPs should be considered in the
risk assessment of CRN.
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1 | INTRODUCTION

Patients with colonic inflammatory bowel diseases (IBD) have an
increased risk for colorectal neoplasia (CRN) after 7-10years of dis-
ease evolution.! This risk is stratified into high-, moderate- and low-
risk categories by current guidelines, corresponding to endoscopic
surveillance intervals of 1-5 years.2 The risk is mainly related to the
occurrence of primary sclerosing cholangitis, personal history of
CRN or first-degree familial history, IBD disease extent or histologic
disease activity. As a feature of chronic inflammation, the presence
of post-inflammatory polyps (PIPs) also known as ‘pseudopolyps’,
was historically considered as a risk factor for neoplasia but these
initial findings were followed by studies concluding to the absence of
increased risk.>* Recently, in a large retrospective cohort, PIPs were
not associated with a higher risk of CRN.® In this study, histologic
disease activity was not assessed, while histologic disease activity
assessed by the Nancy histologic index has been associated with
an increased risk of CRN and should be considered in the neopla-
sia screening strategy.6 The first association observed between the
presence of PIPs and the risk of colonic neoplasia may be explained
by concomitant histologic disease activity, but the risk of colonic
neoplasia in patients with PIPs according to histologic disease activ-
ity is unknown. Clarifying the impact of PIPs on colorectal neoplasia
considering histological inflammation could help to guide the risk
stratification in patients with PIPs. In this study, we aimed to assess
the impact of histologic activity on CRN occurrence in IBD patients
with colonic PIPs and to confirm the lack of influence of PIPs on CRN

development.

2 | METHODS
2.1 | Patients

This retrospective study included patients from one French tertiary
centre, Saint-Antoine Hospital. Eligible patients underwent at least
one colonoscopy between 1 January 1996 and 31 December 2020
in Saint-Antoine Hospital. Included patients were men and women
aged of 18years old or more, with an IBD, and among whom PIPs
were identified at surveillance colonoscopy. Patients with Crohn's
disease (CD) and ulcerative colitis (UC) were pooled since the risk
of CRN appears to be the same in CD and UC after adjustment for
extent of colitis and disease duration.””? Patients with a past history
of CRN or colectomy and patients with a follow-up shorter than 6
months or only one colonoscopy were excluded.

Every patient with an IBD for 8-10years is eligible for CRN
screening in our centre. Two biopsies at least are performed for each
segment associated with targeted biopsies. Patients were enrolled
from the date of the first colonoscopy at St-Antoine's Hospital in
the period between 1 January 1996 and 31 December 2020. Entry
dates were defined as the date of the first colonoscopy in St-Antoine
without CRN. They were followed up until occurrence of low-grade

or high-grade dysplasia or colorectal cancer, colectomy or death.
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2.2 | Data collection

Variables were collected from the SUiVi Intégré soins-recherche des
Maladies Inflammatoires Chroniques intestinales registry (a prospec-
tive clinical database of all patients with IBD evaluated by Saint-Antoine
Hospital digestive disease medical staff), endoscopic and medical re-
cords, and the Saint-Antoine Hospital's Pathology Department data-
base. For each patient, following data were recorded: date of birth,
sex, IBD type (UC or CD, considering indeterminate colitis in the UC
group), disease duration, colonic extent (pancolitis, extensive colitis
involving 250% of the colon, non-extensive colitis involving <50% of
the colon), presence of PSC, familial history of colorectal cancer at
first-degree. Current treatment within 6 months was also assessed be-
tween methotrexate, mesalamine, thiopurines and biologics. At each
follow-up colonoscopy, the presence of PIPs, including numbers and
location, and endoscopic disease activity based on the presence of ul-
cerations were assessed. Histologic disease activity was also assessed
according to the Nancy histologic index: ulceration, mild to severe

acute inflammation and mild to severe chronic inflammation.'®

2.3 | Outcome

Primary outcome was the occurrence of any colonic neoplasia (low-
grade dysplasia, high-grade dysplasia or colorectal cancer, or lesions
indefinite for dysplasia). CRN was defined according to Vienna classifi-
cation (no dysplasia, indefinite for dysplasia, low-grade dysplasia, high-
grade dysplasia or adenocarcinoma).!® If several neoplastic lesions
were identified during the same procedure, the most severe lesion was
included for the analysis. Lesions were classified as endoscopically vis-
ible and nonvisible lesions'? and localisation was assessed. Diagnosis
and classification of dysplasia were confirmed by a second expert gas-
trointestinal pathologist.’® In cases of lesion indefinite for dysplasia,
p53 immunohistochemistry was performed to discriminate between

regenerative changes and intraepithelial dysplasia.**

2.4 | Statistical analysis

Continuous data are expressed as means (SD), and differences be-
tween groups were tested for significance by the Student t-test or
the Wilcoxon test if appropriate. Discrete data are provided as per-
centages, and comparisons were made with the Pearson chi-squared
test or the Fisher test if appropriate. We considered differences to
be statistically significant when the p value was less than 0.05 (all

tests were two sided).

2.4.1 | Cohort of patients without PIPs

In order to assess the impact of histologic IBD activity according to
the presence of PIPs, we assembled a cohort of patients without PIPs

based on a previous study.® Briefly, this study assessed the impact
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of histologic disease activity on the risk of CRN in patients with IBD
who underwent at least two colonoscopies at Saint-Antoine Hospital
between 1 January 1996, and 1 March 2015, and whose first proce-
dure was a surveillance colonoscopy. The Nancy histologic index was

assessed for each colonoscopy, as well as the presence of ulcerations.

2.4.2 | Impact of PIPs on the risk of neoplasia

Survival without CRN was assessed in the patients with and without
PIPs, according to the presence of histologic activity based on Nancy
index score greater than one and the presence of endoscopic disease
activity based on the presence of ulcerations.

Cox regression analysis was used to assess the relationship of clin-
ical, endoscopic and histologic variables to the risk of CRN. Variables
significant ata p <0.20 were entered into a multivariate Cox regression
analysis to assess the strength of the associations while controlling
for possible confounding variables. The occurrence of PIPs was a pri-
ori included in the multivariate Cox model. Additionally, a secondary
analysis stratified according to the IBD subtype was performed. We

TABLE 1 Patient characteristics at
cohort entry.
Sex

Female

Male

Age at cohort entry (year)

IBD type
Ulcerative colitis
Crohn's disease

IBD duration (year)

Disease extension

Non-extensive colitis

Extensive colitis

Pancolitis

Primary sclerosing cholangitis

Family history of CRC, first-degree

relative
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also performed several sensitivity analyses. First, we excluded pa-
tients with lesion indefinite for dysplasia. Second, we restricted the
analysis to patients included after 2007, as the time scale of the inclu-
sion period was long and includes changes in endoscopy techniques
that could impact lesion visualisation. Lastly, we adjusted for the mean
Nancy histologic index during follow-up to assess how the inclusion of
chronic histological inflammation could impact the findings.

Statistical analyses were performed using SAS software V.9.4
(SAS). The use of the Saint-Antoine hospital database for the pur-
pose of observational studies has been authorised by the French
data protection agency (Commission Nationale Informatique et
Liberte’) decision DR-2016-373 on 5 September 2016.

3 | RESULTS

A total of 200 patients were identified who met the criteria of
having at least two surveillance colonoscopies between 1 January
1996 and 31 December 2020 with PIPs at index colonoscopy. Of
those 200 patients, 18 patients with a previous history of colonic

Treatment exposure at cohort entry

Aminosalicylates
Azathioprine
Methotrexate

Anti-TNF

Nancy histological index

0
1
2
3
4

Presence of endoscopic ulcerations

No PIPs (n=252)  PIPs(n=173)  All (n=425)
105 (41.7) 95 (54.9) 200 (47.1)
147 (58.3) 78 (45.1) 225(52.9)

409 (13.6) 40.1 (13.5) 40.6 (13.5)

99 (39.3) 78 (45.1) 177 (41.6)
153 (60.7) 95 (54.9) 248 (58.4)
14.5 (8.4) 12.0(7.5) 13.5(8.1)

5(13.9) 5(14.5) 0(14.1)
9(39.3) 58 (33.5) 157 (37.0)
118 (46.8) 0(52.0) 208 (48.9)
39 (15.5) 0(5.8) 49 (11.5)
4(1.6) 6(3.5) 0(2.4)
123 (48.8) 84 (48.6) 207 (48.7)
100 (39.7) 70 (40.5) 170 (40.0)

16 (6.3) 18 (10.4) 34(8.0)

40(15.9) 64 (37.0) 104 (24.5)
116 (46.0) 65 (37.6) 181 (42.6)

34 (13.5) 16(9.2) 0(11.8)

14 (5.6) 31 (17.9) 45 (10.6)

23(9.1) 10 (5.8) 3(7.7)

65 (25.8) 51(29.5) 116 (27.3)
122 (48.4) 78 (45.1) 200 (47.1)

Note: Results are expressed as mean (SD) or n (%).
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IBD patients undergoing at least two
colonoscopies at Saint Antoine hospital
between 01/01/1996 and 31/12/2020 and
with PIPs at the index colonoscopy, n=200

Follow-up shorter than
6 months, n=9

Previous history of
colonic neoplasia, n=18

IBD patients undergoing at least two
colonoscopies with no PIPs at Saint Antoine
hospital between 01/01/1996 and 01/03/2015

based on a previous study ¢, n= 252

Study population
n=425

FIGURE 1 Patient flow-chart.
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FIGURE 2 Survival without colorectal neoplasia according to the presence of PIPs and histological inflammation based on the Nancy

score at the index colonoscopy.

neoplasia were excluded. An additional nine patients were ex-
cluded for having a follow-up of less than 6 months. In total, 173
patients with at least two surveillance colonoscopies and a history
of PIPs at the index colonoscopy were identified. Overall, 89.5%
(n=154) of patients had more than one PIP on the index colonos-
copy and 63% (n=109) had many PIPs (more than 5 PIPs). PIPs
were mainly located in the left colon and sigmoid (71.7% of pa-
tients, n=124).

A comparison group of 252 patients without PIPs and at

least two surveillance colonoscopies was also identified. Patient

characteristics at cohort entry are shown in Table 1. Patients with
PIPs at index colonoscopy did not differ substantially from patients
who did not have PIPs at index colonoscopy with regard to age at
cohort entry, IBD diagnosis, IBD duration or disease extent. In the
domain of gender, there appeared to be an increased proportion of
males with PIPs compared to those without PIPs. Patients with and
without PIPs were followed during a mean time of 4.8 (SD 2.9) and
5.5 (SD 3.3) years, respectively.

Direct comparison of patients with and without CRN shows

that patients who had CRN tended to have higher Nancy index
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scores at baseline colonoscopy with 44.6% of patients with Nancy
score of 4 in the CRN group compared to 24.7% in the group with-
out CRN (Table S1). Among patients with PIPs, 55% of neoplastic
lesions were identified in a colonic area where PIPs were also iden-
tified (Figure 1).

In survival analysis, the presence or PIPs at index colonoscopy did
not impact the risk of CRN in patients with histological inflammation
(p=0.83) and in patients without histological inflammation (p=0.98).
The risk of CRN in patients with PIPs and no histological inflamma-
tion closely mirrored those of patients without PIPs and without his-
tological inflammation at the index colonoscopy (Figure 2). However,
patients without PIPs who had histological inflammation at the
index colonoscopy were more likely to develop CRN on subsequent
surveillance colonoscopies compared to patients without PIPs and
without histological inflammation (p=0.01), and a similar trend was
observed in patients with PIPs although not statistically significant
(p=0.08). A similar stratification of patients with and without PIPs
using the presence or absence of endoscopic ulceration did not show
a statistical difference in terms of survival without CRN (Figure 3).

By univariate analysis, elevation of Nancy score into 3 (HR:
3.82; 95% Cl 1.43-10.24; p=0.02) or 4 (HR: 3.13; 95% CI 1.57-
6.24; p=0.02), and age at cohort entry (HR: 1.31; 95% Cl 1.09-1.58,
p<0.01, per 10-year increase) were associated with occurrence of
colorectal cancer. The analysis of other variables showed trends but
no statistically significant difference (Table 2).

The Cox multivariate analysis did not show any statistically sig-
nificant difference in terms of risk for progression to CRN for pa-
tients who had PIPs compared to patients who did not (HR: 1.17;

100% —
90% —|
80% —
70% —
60% —

50% —
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95% Cl 0.63-2.17; p=0.61; Table 3). However, there did appear to
be a statistically significant difference in the multivariate analysis
for risk of development of CRN based on increasing Nancy index
score into Nancy score 3 (HR: 4.16; 95% Cl 1.50-11.52; p<0.01) or
4 (HR: 3.44; 95% Cl 1.63-7.24; p<0.01), age at entry (HR: 1.37; 95%
Cl 1.13-1.66; p<0.01) and presence of colorectal cancer in a first-
degree relative (HR: 5.87; 95% Cl 1.31-26.26; p=0.02). Use of anti-
TNF therapy at cohort entry had a trend towards reduction in CRN
but did not reach statistical significance (HR: 0.55; 95% C1 0.21-1.45;
p =0.22). Secondary and sensitivity analyses were consistent with

the main analysis (Table S2).

4 | DISCUSSION

Our study shows that the presence of PIPs was not associated with
an increased risk of CRN in patients with IBD undergoing surveil-
lance colonoscopy when adjusting for the presence of histological
inflammation. This study used a validated histologic activity index in
UC to assess histologic disease activity.

Historically, PIPs were thought to be an important risk factor
for CRN. A 2006 case control study listed a history of PIPs among
one of the most important factors associated with colorectal can-
cer (OR, 2.5; 95% Cl: 1.4-4.6).° Later, another case control study
showed that compared to controls, the risk of IBD-related colorec-
tal cancer in patients with PIPs was elevated (RR, 1.92; 95% ClI
1.28-2.88).1¢ A recent meta-analysis reported that PIPs were con-

sidered as a risk factor of advanced CRN with moderate evidence.*

Survival without neoplasia (%)
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20% — No PIPs and no endosc. inflam. at index colon.
---------- No PIPs and endosc. inflam. at index colon.
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—— — PIPs and endosc. inflam. at index colon.
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26 17 11 8 5

FIGURE 3 Survival without colorectal neoplasia according to the presence of PIPs and endoscopic inflammation based on the presence

of ulcerations at the index colonoscopy.
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However, a 2019 multicentric study showed that during a median
follow-up period of 4.8years, the time until development of ad-
vanced CRN did not differ significantly between patients with
PIPs and those without PIPs. Further, PIPs did not independently
increase the risk of advanced CRN (adjusted hazard ratio 1.17; 95%
C10.59-2.31).°

After careful analysis of our data, it appears that PIPs may not
significantly increase the risk of progression to CRN. After strati-
fying patients with and without PIPs, what appeared to differenti-
ate which patients would go on to develop CRN was the amount
of histological inflammation present as scored by the Nancy index.
PIPs may be rather a surrogate marker of previous disease severity.
Interestingly, a recent study with 504 patients with IBD did show
that a high PIPs burden was associated with treatment escalation,
hospitalisation and need for surgery.!”

This study also serves to underscore the importance of histo-
logical inflammation when it comes to the risk of development of
CRN over endoscopic appearance. Stratification by the presence or
absence of endoscopic ulceration did not appear to show any statis-
tically significant difference in risk of progression. However, increas-

ing histological features of inflammation as scored using the Nancy

TABLE 2 Riskfactors of colorectal neoplasia: univariate analysis.

Hazard ratio (95% ClI)  p value

WOLF ET AL.

index, showed a clear association with subsequent development of
CRN. In addition, the data appear to have good external validity as
the other variables that were assessed in the multivariate analysis
appear to match current known risk factors for CRN such as the
presence of PSC and the presence of colorectal cancer in a first-
degree relative.! We also observed a trend for a protective effect as-
sociated with anti-TNFs exposure, as it has been recently reported.18
However, our study is not without limitations. Despite the advan-
tage of our extended follow-up time, the data were limited to a single
centre in Paris, France, which raises questions about generalisability
to more diverse populations. Further, this was a retrospective analy-
sis of a prospectively collected cohort with the inherent limitations
with regard to data collection. Data collection was based on the same
database but inclusion period and follow-up were extended until
2020 in patients with PIPs in order to increase the sample size of the
study. However, the duration of follow-up was very close between
groups. Endoscopic disease activity was only based on ulcerations.
The presence of ulcerations may not detect mild disease activity, but
ulcerations items are widely included in endoscopic disease activity
scores.r’ Additionally, histologic disease activity may be a more pre-
cise and accurate measure of inflammation compared to endoscopic
disease activity for the assessment of the risk of colorectal neoplasia,
as 20 to 30% of patients with UC have histologic disease activity on
colonic biopsies while considered in endoscopic remission based on
the Mayo score.?° Lastly, family history of CRC (first-degree relative)
was assessed but age of the diagnosis of cancer was not collected.
Large field of PIPs may prevent assessment of neoplasia but the
growing use of artificial intelligence may also be an opportunity to
further differentiate neoplasia in the colon even in the presence of
dense PIPs. New technology that incorporates artificial intelligence
appears to demonstrate an independent increase in adenoma detec-
tion rate for routine colonoscopy.?! There has also been attempts

TABLE 3 Risk factors of colorectal neoplasia: multivariate analysis.

Age® 1.31(1.09-1.58) <0.01
Male sex 0.61(0.36-1.04) 0.07
Family history of CRC, first- 2.71(0.65-11.22) 0.17
degree relative
IBD phenotype, Crohn's 0.83(0.49-1.40) 0.48
disease
IBD duration? 1.12(0.82-1.53) 0.48
Disease extension
Non-extensive colitis Ref. 0.28

Extensive colitis

0.63(0.29-1.35)

Pancolitis 0.55(0.26-1.14)
Primary sclerosing cholangitis 1.86 (0.94-3.69) 0.08
Post-inflammatory polyps 1.04 (0.60-1.80) 0.89
Treatment exposure at cohort entry
Aminosalicylates 0.66 (0.39-1.13) 0.13
Azathioprine 0.94 (0.55-1.63) 0.84
Methotrexate 1.24 (0.49-3.13) 0.65
Anti-TNFs 0.50(0.20-1.27) 0.15
Nancy histological index
0 Ref 0.02
1 2.16 (0.88-5.33)
2 2.24(0.78-6.38)
3 3.82(1.43-10.24)
4 3.13(1.57-6.24)
Endoscopic ulcerations 1.41 (0.83-2.40) 0.21

2Per 10years increase.

Hazard ratio (95% Cl)  p value
Age? 1.37 (1.13-1.66) <0.01
Male sex 0.66 (0.38-1.16) 0.15
Family history of CRC, first- 5.87 (1.31-26.26) 0.02
degree relative

Primary sclerosing cholangitis 2.15(0.99-4.62) 0.05
Post-inflammatory polyps 1.17 (0.63-2.17) 0.63
Treatment exposure at cohort entry

Aminosalicylates 0.71(0.40-1.26) 0.24

Anti-TNF 0.55(0.21-1.45) 0.22
Nancy histological index

0 Ref <0.01

1 1.83(0.69-4.86)
2 2.49 (0.84-7.45)
3 4.16 (1.50-11.52)
4 3.44 (1.63-7.24)

?Per 10years increase.
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to develop novel deep learning-based scoring systems and other
artificial intelligence tools to evaluate endoscopic images from pa-
tients with IBD which can also accurately describe the severity and
distribution of inflammatory activity as well as presence of polypoid
lesions.

We observed that PIPs alone do not independently increase risk
for CRN. Although previous studies did show an association with the
presence of PIPs with progression to CRN, this association may have
been due to a limited ability to distinguish between PIPs with under-
lying histological inflammation and PIPs without it. While PIPs may
make it more difficult and time-consuming to survey the colon in
patients with inflammatory bowel disease, thus necessitating care-
ful colonoscopy, our findings suggest that PIPs are not independent
risk factors for CRN. We believe that it is the presence or absence
of histological inflammation in the colon, with or without PIPs, that
ultimately matters when it comes to risk of progression to CRN.
Therefore, routine utilisation of the Nancy index in pathological
assessment of IBD patients may give more information about pa-
tients' risk for development of dysplasia. It is for these reasons that
we believe our study adds support to the need for a change in the

paradigm with regard to PIPs in IBD surveillance.
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