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ABSTRACT

Background and study aims Chronically inflamed colonic

mucosa is primed to develop dysplasia identified at surveil-

lance colonoscopy by targeted or random biopsies. We

aimed to explore the effect of mucosal inflammation on de-

tection of visible and “invisible” dysplasia and the concor-

dance between the degree of endoscopic and histologic in-

flammation.

Patients and methods This was a 6-year cross-sectional

analysis of endoscopic and histologic data from IBD. A mul-

tinomial model was created to estimate the odds for a

specific lesion type as well as the odds of random dysplasia

relative to the degree of inflammation. Kappa statistics

were used to measure concordance between endoscopic

and histologic inflammation.

Results A total of 3437 IBD surveillance colonoscopies be-

tween 2016–2021 were reviewed with 970 procedures

from 721 patients containing 1603 visible lesions. Kappa

agreement between histologic and endoscopic degree of

inflammation was low at 0.4. There was a positive associa-

tion between increased endoscopic inflammation and pres-

ence of tubulovillous adenomas (TVAs) (odds ratio [OR]

2.18; 95% confidence interval [CI] 1.03–4.62; P=0.04).

Among cases with visible lesions, the yield of concomitant

random dysplasia was 2.7% and 1.9% for random indefinite

dysplasia. The odds of random dysplasia significantly in-

creased as the degree of endoscopic and histologic inflam-

mation increased (OR 2.18, 95%CI 1.46–3.26; P<0.001 and

OR 2.75; 95%CI 1.65–4.57, P<0.001, respectively. The odds

of indefinite random dysplasia also significantly increased

as endoscopic and histologic inflammation increased (OR

2.90; 95%CI 1.85, 4.55, P<0.001 and OR 1.98; 95%CI 1.08,

3.62, P<0.035, respectively.

Conclusions Endoscopic and histologic inflammation are

associated with higher odds of finding TVAs and random

low-grade, high-grade, and indefinite dysplasia. Concor-

dance between histologic and endoscopic inflammation se-

verity is low.
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Introduction
Longstanding inflammatory bowel disease (IBD) is associated
with a higher risk of developing colorectal cancer (CRC) [1]
with declining incidence in the past 30 years, likely secondary
to better therapeutic control of inflammation, improved sur-
veillance strategies, enhanced technologies for dysplasia de-
tection, and effective endoscopic treatment of colorectal le-
sions [2, 3]. Current guidelines recommend surveillance colo-
noscopy 8 to 10 years after diagnosis of ulcerative colitis (UC)
or Crohn’s colitis, followed by surveillance at 1- to 3-year inter-
vals, while for IBD-primary sclerosing cholangitis (PSC), the re-
commendation is for colonoscopy at diagnosis and then an-
nually [4, 5, 6, 7, 8].

During surveillance colonoscopy, patients with IBD can pres-
ent a wide array of colorectal lesions, including non-dysplastic
lesions (hyperplastic polyps, lymphoid aggregates and pseudo-
polyps); dysplastic lesions (tubular adenomas now referred as
polypoid dysplasia containing low/high or indefinite dysplasia,
tubulovillous adenomas (TVAs), sessile serrated adenomas/
polyps, adenocarcinomas), and serrated epithelial changes
(SECs), which are increasingly identified in patients with long-
standing colitis [9, 10].

Some dysplastic lesions may be flat and difficult to visualize,
especially when localized within inflamed mucosa. This has led
to continued recommendations for random mucosal sampling
for detection of “invisible” dysplasia [11, 12, 13, 14]. Important-
ly, inflammation at the time of surveillance is also associated
with increased findings of dysplasia in random biopsies [15,
16, 17, 18] and development of CRC has been linked to persist-
ent subclinical histologic inflammation [19, 20, 21, 22, 23]. Cur-
rent guidelines endorse endoscopic healing (EH) as an objective
therapeutic target, with histologic healing as an adjunctive one
[24] and several endoscopic and histologic scoring systems for
inflammation have been developed to document mucosal heal-
ing with poor correlation or agreement between these scores
[25, 26].

The aims of this study were to assess the effect of mucosal
inflammation on type of visible colorectal lesions identified at
surveillance colonoscopy, assess the association between de-
gree of mucosal inflammation and yield of dysplasia found in
random biopsies, and analyze the concordance between endo-
scopic and histologic degree of inflammation.

This study was approved by the Institutional Review Board of
Mayo Clinic. There was no potential harm to patients given the
cross-sectional and deidentified nature of the study.

Patients and methods

This was a 6-year (2016–2021) cross-sectional study at a ter-
tiary care center with IBD expertise. We included 970 surveil-
lance colonoscopies from 721 subjects with IBD who were
found to have visible colorectal lesions during surveillance
with available corresponding pathology for the lesion (▶Fig. 1).

Exclusion criteria included patients with no history of IBD,
patients with IBD undergoing colonoscopy for an indication
other than surveillance, patients with IBD who underwent sur-
veillance colonoscopy but did not have visible lesions sampled

or the pathology report of visible lesions was not available, pa-
tients who declined research participation.

Pertinent data were extracted from the endoscopy and pa-
thology reports for each case. Chart review was performed to
obtain patient, procedure, and lesion characteristics. (▶Ta-
ble 1)

Procedure details

At our institution, random biopsies are routinely obtained seg-
mentally during IBD surveillance colonoscopies. A standard
protocol is followed by obtaining eight biopsies per colon seg-
ment – cecum and ascending, transverse, descending, and rec-
tosigmoid. These are placed in four separate pathology bottles,
labeled with the anatomic segment as such. This yields a total
of 32 biopsies (8 bites in each of the 4 segments) per colonos-
copy. All visible dysplasia that is removed or sampled is placed
in separate bottles, labeled with the corresponding location. All
colonoscopies were performed with high-definition white light
(HDWL) and/or dye-based chromoendoscopy (CE), which is ob-
tained when the patient has risk factors for development of
dysplasia or CRC including prior dysplasia, concomitant PSC, or
a personal history of prior CRC. However, if there is active in-
flammation or inadequate bowel preparation at the time of sur-
veillance, we forego CE due to inefficacy in these settings.

Endoscopic inflammation

The degree of endoscopic inflammation was classified as inac-
tive, mild, moderate, or severe based on the highest reported
degree of inflammation in the colon. At our center, the Mayo
Endoscopic Subscore (MES) is used for patients with UC. For
Crohn's disease cases, the endoscopic degree of inflammation
was extracted from endoscopy reports with the majority of
endoscopists describing it as inactive, mild, moderate, or se-
vere, similar to the MES. The Simple Endoscopic Score for Crohn
Disease (SES-CD) was not applied for all procedures in patients
with Crohn’s colitis, and hence was not utilized in this study.
Endoscopists had a wide range of experience from<5 years to >
30 years of gastroenterology practice. All endoscopists in the
practice (approximately 50) are trained to perform surveillance
colonoscopy in patients with IBD.

Histologic inflammation

Pathologists who interpreted the samples were gastroenterolo-
gy-focused (approximately 8 in any time period). Some have<5
years to > 30 years of experience. When there is uncertainty re-
garding a case, pathologists discuss among the group for con-
sensus. For histologic scoring of inflammation, the system uti-
lized in our center includes inactive – no inflammatory cells;
mildly active when there is evidence of focal neutrophilic cryp-
titis; moderately active showing at least one crypt abscess,
crypt loss, scattered ulcers; and severely active showing multi-
ple crypt abscesses, numerous ulcers, and areas of denuded
mucosa. The degree of histologic inflammation was reported
per colonic segment. (Fig. 1, Supplementary material)
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Dysplasia assessment

Dysplasia in random biopsies was classified as low-grade dys-
plasia (LGD), high-grade dysplasia (HGD), or indefinite dyspla-
sia (IND), accounting for the severest degree of dysplasia iden-
tified in any colon segment. LGD features included enlarged,
crowded nuclei with pseudostratification, and dark nuclei no
longer confined to the base of the cell but maintaining polarity
and uniform size and shape. HGD was determined when both
architectural and cytologic changes with some key features in-
cluding complex architecture, glands within glands, variability
in nuclear size and shape, loss of nuclear polarity, and promi-
nent nucleoli were seen. IND included some features of dyspla-
sia (enlarged, dark nuclei) but not enough features for dysplasia
to be reported. Acute inflammation tends to produce dysplasia-
like changes, with abundant neutrophils, which can lead the pa-
thologist to label it IND.

All colonoscopies were performed with HDWL, and/or CE, in-
cluding dye-based CE or HDWL plus virtual CE at the endos-
copist’s discretion. A recent American Gastroenterological As-
sociation clinical practice update on IBD surveillance indicates
that virtual CE is a suitable alternative to dye spray CE for dys-
plasia detection in individuals with colonic IBD when using
HDWL [7]

Statistical analysis

Logistic regression was used to measure associations between
endoscopic and histologic degree of inflammation and odds of
finding random dysplasia. A multinomial model was created to
estimate the odds for a type of colorectal lesion relative to in-
creased degree of endoscopic and histologic inflammation as
well as the odds of a specific lesion type when synchronous “in-
visible” dysplasia was found. Agreement between endoscopic
and histologic degree of inflammation was measured with Kap-
pa statistics and marginal homogeneity was tested.

Results
Procedure characteristics

A total of 3437 of the surveillance colonoscopies performed be-
tween 2016 and 2021 had pathology available for analysis. A
total of 970 procedures from 721 patients contained 1603 visi-
ble lesions. Bowel preparation per the Boston Bowel Prep Scale
was good, fair, and poor in 68%, 27%, and 5% of procedures,
respectively, and preparation quality was not affected by the
degree of colon inflammation (P=0.09). Random biopsies
were taken in 95.4% of cases. Dye-based CE was performed in
326 procedures (34%) and was not associated with higher odds

▶ Fig. 1 Study flowchart and types of visible colorectal lesions included in the study. Source: Used with permission of Mayo Foundation for
Medical Education and Research, all rights reserved.[rerif]
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▶Table 1 Patient, lesion, and procedure characteristics.

Patient characteristics (first procedure per patient) [N=721]

Gender

▪ Female 285 (39.5%)

▪ Male 436 (60.5%)

Age at procedure

▪ Median (Q1, Q3) 57 (43, 66)

▪ Mean (SD) 54.2 (15.0)

Years since IBD diagnosis

▪ Median (Q1, Q3) 12.8 (7.2, 21.4)

▪ Mean (SD) 15.5 (11.4)

Age at diagnosis

▪ Median (Q1, Q3) 37 (26, 52)

▪ Mean (SD) 38.5 (16.2)

▪ Disease

▪ UC 471 (66.0%)

▪ CD 237 (33.2%)

History of smoking at index

▪ Yes 89 (12.9%)

▪ No 599 (87.1%)

PSC at index

▪ Yes 149 (21.7%)

▪ No 539 (78.3%)

History of random dysplasia at index colonoscopy

▪ HGD 14 (2.0%)

▪ LGD 94 (13.7%)

▪ No dysplasia 579 (84.3%)

Family history of CRC

▪ Yes 172 (26.4%)

▪ No 480 (73.6%)

Lesion characteristics [N=1603]

Size

▪ 1–5 mm 1080 (68.6%)

▪ 6–9 mm 306 (19.4%)

▪ 10–19 mm 138 (8.8%)

▪ ≥ 20 mm 50 (3.2%)

Location

▪ Cecum/ascending 399 (25.1%)

▪ Hepatic flex 74 (4.7%)

▪ Transverse 282 (17.7%)

▪ Splenic flexure 29 (1.8%)

▪ Descending 234 (14.7%)

▶Table 1 (Continuation)

Patient characteristics (first procedure per patient) [N=721]

▪ Sigmoid and rectosigmoid 325 (20.5%)

▪ Rectum 204 (12.8%)

▪ Multiple 42 (2.6%)

Lesion dysplasia

▪ No dysplasia 1146 (72.4%)

▪ Atypia and/or indefinite 26 (1.6%)

▪ Low-grade 397 (25.1%)

▪ High-grade 8 (0.5%)

▪ Other cancers 3 (0.2%)

▪ Colorectal cancer/adenocarcinoma 3 (0.2%)

Morphology

▪ Sessile 1093 (73.7%)

▪ Pedunculated 34 (2.3%)

▪ Semipedunculated 42 (2.8%)

▪ Flat 166 (11.2%)

▪ Depressed 1 (0.1%)

▪ Nodular 18 (1.2%)

▪ Laterally spreading 0 (0.0%)

▪ Pseudopolyps 80 (5.4%)

▪ Other 50 (3.4%)

Resection technique

▪ Cold snare 745 (47.8%)

▪ Cold biopsy forceps/fully resected 481 (30.9%)

▪ Biopsy forceps not fully resected 210 (13.5%)

▪ Hot snare 112 (7.2%)

▪ EMR/APC 11 (0.7%)

Histopathology

▪ Tubular adenoma 356 (22.6%)

▪ Inflammatory pseudopolyp 345 (21.9%)

▪ Hyperplastic 283 (18.0%)

▪ Pseudopolyp without inflammation 182 (11.6%)

▪ Sessile serrated adenoma 153 (9.7%)

▪ Serrated changes 67 (4.3%)

▪ Tubulovillous adenoma 12 (0.8%)

▪ Hyperplastic vs serrated change 55 (3.5%)

▪ Sessile serrated adenoma vs serrated
change

19 (1.2%)

▪ Colorectal cancer 11 (0.7%)

▪ Other benign lesions 83 (5.7%)

▪ Other malignant lesions 6 (0.4%)
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of finding polypoid dysplasia (odds ratio [OR]: 1.07; 95% confi-
dence interval [CI]: 0.86–1.35; P=0.54), or higher odds of find-
ing SECs (OR:1.34; 95%CI: 0.82–2.19; P=0.24) when compared
with HDWLE.

Patient characteristics

Males comprised 61% of patients. The median age at the time
of index procedure was 57 years (interquartile range [IQR] 43–
66). The median disease duration from IBD diagnosis to index
colonoscopy was 12.8 years (IQR 7.2–21.4) and the average
age for initial IBD diagnosis was 37 years (IQR 26–52). Sixty-six
percent of patients had UC, 33% had CD, and 0.8% had indeter-
minate colitis (IC).

Analysis for risk factors for colonic dysplasia revealed that
22% of patients had a concomitant diagnosis of PSC at index co-
lonoscopy, 26% had a family history of first-degree relative with
CRC, 13% were active cigarette smokers, 14% had a prior find-
ing of LGD in random biopsies, and 2% had a prior finding of
HGD in random biopsies. A concomitant diagnosis of PSC was
associated with a higher degree of endoscopic inflammation
(P=0.036) and histologic inflammation (P=0.025). PSC at index
colonoscopy was also associated with concomitant random LGD
or HGD (38.1% for PSC patients vs 20.5% for no PSC, P=0.05).
PSC was significantly associated with random IND (62% for PSC
vs 20% for no PSC, P=0.001). Patients who exhibited moderate
and severe histologic and endoscopic inflammation were signif-
icantly younger than those with inactive or mild disease (42 vs
56 years old for severe vs inactive endoscopic disease, and 37 vs
59 years old for severe vs inactive histologic disease, P<0.001).
Presence of dysplasia in random biopsies in a prior surveillance
colonoscopy was significantly associated with a current/new

finding of random, non-visible dysplasia (P<0.001) (Table 1
Supplementary).

Characteristics of visible colorectal lesions

Visible lesions were evaluated with HDWL (59%), NBI (12%),
dye-based CE (18%) or multiple methods (11%). Sixty-nine per-
cent of identified visible lesions measured ≤ 5mm and the most
common locations were cecum, ascending, sigmoid, and recto-
sigmoid colon. Of the lesions, 59.4% were non-dysplastic,
24.4% were dysplastic, and 14.9% were serrated. The term ses-
sile was used in the endoscopy report to describe the lesion
morphology in 74% of cases followed by the term flat in 11% of
cases. Lesions were fully resected in 83% of cases and biopsied
in 17% of cases. Patients with CD were more likely to have a dys-
plastic visible lesion than patients with UC or IC (OR 1.34; 95%
CI 1.06, 1.71; P=0.016), The most common type of lesion in
patients with CD was polypoid LGD (27.3%) followed by inflam-
matory pseudopolyps (21.2%). The most common type of le-
sion in patients with UC was inflammatory pseudopolyps
(22.3%) followed by polypoid LGD (20.5%). Hyperplastic polyps
were the third most common type of visible lesion for both UC
and CD. There were seven cases of CRC in UC (0.7%) and four
cases of CRC in CD (0.8%).

Association between lesion histopathology and degree of
inflammation

Endoscopic inflammation The severity of endoscopic disease
activity was as follows: inactive 63%, mild 25%, moderate 9%,
severe 3%. There was a positive association between higher de-
gree of endoscopic inflammation and presence of inflamma-
tory pseudopolyps (OR 1.79; 95%CI 1.25–2.55; P=0.001) and
TVA with LGD (OR 2.18; 95%CI 1.03–4.62; P=0.04). All addi-
tional lesion types were not associated with higher presence of
endoscopic inflammation.

Histologic inflammation The frequency of histologic dis-
ease activity was as follows: inactive 59%, mild 32%, moderate
9%, severe 0.3%. There was a negative association between
higher degree of histologic inflammation and presence of hy-
perplastic polyps (OR 0.61; 95%CI 0.41–0.93; P=0.02) and a
positive association between higher degree of histologic in-
flammation and presence of inflammatory pseudopolyps (OR
1.67; 95%CI 1.15–2.43; P=0.007) (▶Table2)

Association between random dysplasia and degree of
inflammation

Random biopsies were obtained in 924 cases, with 23 LGD, 2
HGD, and 18 IND cases with an overall yield of random dysplasia
in 2.7% and random IND in 1.9% of cases. A logistic regression
model was fit on procedure level data to assess the association
between random LGD, HGD, and IND and degree of inflamma-
tion. The odds of detecting random LGD or HGD significantly
increased as the degree of endoscopic inflammation increased
(OR 2.18, 95%CI 1.46–3.26; P<0.001) and as the degree of his-
tologic inflammation increased (OR 2.75; 95%CI 1.65–4.57,
P<0.001). The odds of detecting IND also significantly increased
as the degree of endoscopic increased (OR 2.90; 95%CI 1.85–

▶Table 1 (Continuation)

Patient characteristics (first procedure per patient) [N=721]

Endoscopic modality for lesion assessment

▪ HDWL 819 (59.0%)

▪ NBI 166 (12.0%)

▪ Chromoendoscopy 248 (17.9%)

▪ Multiple 154 (11.1%)

Procedure characteristics [N=970]

Bowel prep

▪ Good 655 (67.9%)

▪ Fair 259 (26.9%)

▪ Poor 50 (5.2%)

Chromoendoscopy performed

▪ Yes 326 (33.6%)

▪ No 644 (66.4%)

SD, standard deviation; UC, ulcerative colitis; CD, Crohn’s disease; HGD,
high-grade dysplasia; LGD, low-grade dysplasia; CRC, colorectal cancer;
EMR, endoscopic mucosal resection; APC, Argon plasma coagulation;
HDWL, high-definition white light; NBI, narrow-band imaging.
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4.55, P<0.001) and the degree of histologic inflammation in-
creased (OR 1.98; 95%CI 1.08–3.62, P<0.035) (▶Table3).

Patients with IND in random biopsies were significantly
younger than those with no dysplasia (44 versus 55 years old,
P<0.001), and had a shorter disease duration (8 vs 13 years, P
=0.04). These findings were not significant for random LGD or
HGD. PSC was significantly associated with IND in random biop-
sies (62% for PSC versus 20% for no PSC, P=0.001).

Association between random dysplasia and lesion histology:

The odds of finding dysplasia in random biopsies increased
when there was presence of a synchronous TVA (OR 1.56; 95%
CI 1.80–1.35; P=0.013). In four cases of TVA and synchronous
random dysplasia, all cases had random LGD, and one case had
multifocal LGD. Random dysplasia was found in the same colon
segment as TVA only in one case (ascending colon). Important-
ly, the odds of finding random dysplasia did not increase when
other visible lesions—including SECs and inflammatory pseudo-
polyps – were present (▶Table 4).

Concordance between endoscopic and histologic degree of
inflammation

In 941 surveillance colonoscopies in 721 patients, endoscopic
scoring overestimated the frequency of inactive disease (63%)
when compared with histologic scoring (59%). Similarly, the
frequency of severe inflammation was higher in endoscopy

(3%) than in histology (0.3%) while the frequency of mild in-
flammation was higher in histology than in endoscopy (32% vs
25%, respectively), with a P<0.001 for marginal homogeneity
between endoscopic and histologic inflammation scoring.
Moderate inflammation was comparable for both endoscopy
and histology scores. The overall Kappa agreement between
histologic and endoscopic degree of inflammation was low at
0.4 (▶Table5).

Discussion

Chronic colonic inflammation plays a fundamental role in the
pathogenesis of colitis-associated neoplasia with DNA damage
via oxidative stress, activation of procarcinogenic molecules,
and silencing of tumor suppressor genes [1]. The Selecting
Therapeutic Targets in Inflammatory Bowel Disease (STRIDE) II
endorses EH as a long-term treatment target whereas histolog-
ic remission is not a treatment target in either CD or UC but
could be used as an adjunct to EH to represent a deeper level
of healing [24]. Also, persistent histologic inflammation has
been linked to the development of CRC in several studies. [19,
21, 23, 27]

Surveillance colonoscopy is best performed when patients
have achieved disease remission to decrease the chances of la-
beling reactive changes as dysplasia [28]. Our study findings in-
dicate a clear correlation between higher degree of colonic in-
flammation at the time of surveillance and increased odds of

▶Table 2 Association between endoscopic and histologic inflammation and polyp type.

Inflamma-

tory pseu-

dopolyp

Hyperplas-

tic polyp

Pseudopo-

lyp with no

inflamma-

tion

Sessile ser-

rated ade-

noma

Serrated

epithelial

change

Polypoid

low-grade

dysplasia

Tubulo-vil-

lous adeno-

ma

Adenocarci-

noma

Endoscopic inflammation

Inactive 177 (17.2%) 212 (20.6%) 125 (12.2%) 101 (9.8%) 47 (4.6%) 233 (22.7%) 4 (0.4%) 8 (0.8%)

Mild 100 (27.9%) 54 (15.0%) 38 (10.6%) 32 (8.9%) 11 (3.1% 83 (23.1%) 5 (1.4%) 3 (0.8%)

Moderate 45 (34.9%) 12 (9.3%) 12 (9.3%) 15 (11.6%) 8 (6.2%) 29 (22.5%) 3 (2.3%) 0 (0.0%)

Severe 18 (47.4%) 3 (7.9%) 6 (15.8%) 1 (2.6%) 1 (2.6%) 5 (13.2) 0 (0.0%) 0 (0.0%)

P value 0.001 0.48 0.41 0.39 0.47 0.33 0.042 0.65

OR
95% CI

1.79
(1.25–2.55)

0.87
(0.59–1.28)

1.18
(0.80–1.74)

1.19
(0.80–1.78)

1.19
(0.74–1.90)

1.20
(0.83–1.72)

2.18
(1.03–4.63)

0.78
(0.26–2.35)

Histologic inflammation

Inactive 145 (15.1%) 205 (21.3%) 127 (13.2%) 109 (11.3%) 45 (4.7%) 216 (22.5%) 2 (0.2%) 6 (0.6%)

Mild 155 (33.3%) 58 (12.5%) 43 (9.2%) 35 (7.5%) 14 (3.0%) 106 (22.8%) 8 (1.7%) 5 (1.1%)

Moderate 42 (37.8%) 12 (10.8%) 11 (9.9%) 6 (5.4%) 3 (2.7%) 26 (23.4%) 1 (0.9%) 0 (0%)

Severe 1 (33.3%) 0 (0%) 1 (33.3%) 0 (0%) 0 (0%) 0 (0.0%) 0 (0%) 0 (0%)

P value 0.007 0.020 0.23 0.07 0.15 0.84 0.10 0.94

OR
95% CI

1.67
(1.15–2.43)

0.61
(0.41–0.93)

0.77
(0.50–1.18)

0.65
(0.41–1.03)

0.66
(0.37–1.16)

0.96
(0.66–1.41)

2.23
(0.85–5.86)

0.96
(0.35–2.63)

CI, confidence interval.
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finding not only low- and high-grade random dysplasia but also
random IND. In our study, approximately 37% of patients un-
dergoing surveillance had some degree of endoscopic activity
and 41% had some degree of histologic activity. Similarly, mul-
tiple studies have shown that up to 30% to 40% of patients in
clinical remission undergoing surveillance colonoscopy have

some degree of endoscopic and histologic inflammation [29,
30].

In STRIDE-II, histologic remission remains an “aspirational”
target with many challenges to be addressed before it can be-
come a formal treatment target, particularly the heterogeneity
of histologic scoring systems among practices and the interob-

▶Table 3 Association between dysplasia (both visible and random) with degree of inflammation (both endoscopic and histologic).

Visible dysplasia Random dysplasia

Explanatory Variable

and Effect

Non-dysplastic

(N =1172)

Dysplastic

(N =411)

Non-dysplastic

(N =911)

Dysplastic LGD/HGD

(N =25)

Indefinite dysplasia

(N =18)

Degree of endoscopic inflammation

Inactive 758 (65.6%) 273 (67.4%) 575 (64%) 10 (41.7%) 3 (16.7%)

Mild 269 (23.3%) 92 (22.7%) 227 (25.3%) 5 (20.8%) 7 (38.9%)

Moderate 97 (8.4%) 32 (7.9%) 76 (8.5%) 5 (20.8%) 5 (27.8%)

Severe 32 (2.8%) 8 (2.0%) 20 (2.2%) 4 (16.7%) 3 (16.7%)

OR (95% CI) 0.94 (0.80–1.09) Reference 2.18 (1.46–3.26) 2.90 (1.85–4.55)

P value 0.39 < 0.001 < 0.001

Degree of histologic inflammation

Inactive 712 (62.1%) 252 (62.8%) 551 (61.2%) 5 (20.8%) 3 (16.7%)

Mild 347 (30.3%) 120 (29.9%) 271 (30.1%) 13 (54.2%) 15 (83.3%)

Moderate 85 (7.4%) 29 (7.2%) 75 (8.30%) 6 (25.0%) 0 (0%)

Severe 3 (0.3%) 0 (0.0%) 3 (0.3%) 0 (0.0%) 0 (0%)

OR (95% CI) 0.96 (0.81–1.15) Reference 2.75 (1.65–4.57) 1.98 (1.08–3.62)

P value 0.70 < 0.001 0.035

LGD, low-grade dysplasia; HGD, high-grade dysplasia.

▶Table 4 Association between random dysplasia and polyp type.

Polyp type Random low- or high-grade dysplasia

Yes No P value Odds ratio

(95% CI)

Inflammatory pseudopolyp 4 (15.4%) 329 (21.8%) 0.53 0.59
(0.11–3.09)

Hyperplastic polyp 5 (19.2%) 270 (17.9%) 0.72 0.74
(0.14–3.87)

Sessile serrated adenomas 3 (11.5%) 150 (10.0%) 0.53 0.53
(0.07–3.83)

Serrated changes 1 (3.8%) 65 (4.3%) 0.85 1.22
(0.17–8.88)

Tubulovillous adenomas 4 (15.4%) 6 (0.4%) 0.013 1.57
(1.80–1.34)

Adenocarcinoma 1 (3.8%) 10 (0.7%) 0.28 3.89
(0.32–4.69)

CI, confidence interval.
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server and intra-observer variability among pathologists when
grading both inflammation and dysplasia. None of the currently
available histologic scoring systems for inflammation have
been developed or validated in conjunction with endoscopic as-
sessment of disease activity. Our study confirms that the agree-
ment between endoscopic and histologic inflammation is low
(Kappa 0.4). This is important as we design clinical trials and
measure efficacy of therapeutics to achieve long-term healing.

In the present study, among 591 cases where endoscopists
declared inactive disease, pathologists still identified mild in-
flammation in 113 cases and moderate inflammation in seven
cases, underscoring the difficulty of detecting persistent histo-
logic inflammation with endoscopy. The variability is even more
remarkable in the 27 cases in which the endoscopist reported
severe activity, of which only three were reported as severe on
histology, whereas 17 were reported as moderate and eight as
mild, indicating that histology likely underestimates the degree
of activity in severe cases or perhaps endoscopists tend to over-
estimate the degree of inflammation, compared with histology.
In a recent study, Maeda and colleagues developed and evaluat-
ed an artificial intelligence system to predict persistent histo-
logic inflammation using endocytoscopy with 91% accuracy
[31]. Gui et al recently developed the Paddington International
virtual ChromoendoScopy ScOre (PICaSSO) Histologic Remis-
sion Index (PHRI) in conjunction with a deep learning strategy
that strongly correlates with endoscopic scores and clinical out-
comes [32]. Several technologies are expected to be developed
in the next decade to tackle endo-histologic remission as a
therapeutic target.

To our knowledge, this is the first study investigating the as-
sociation between degree of colonic inflammation and dysplas-
tic potential of visible colorectal lesions as well as coexistent
random dysplasia. As expected, inflammatory pseudopolyps
were found to be associated with higher degrees of endoscopic
and histologic inflammation but did not entail higher odds of
concomitant dysplasia in random biopsies. Similarly, in a retro-
spective analysis from two large surveillance cohorts, pseudo-
polyps were associated with greater severity and extent of co-
lon inflammation and higher rates of colectomy but were not
associated with development of any degree of colorectal neo-
plasia [33]. In our study, TVAs with LGD were associated with a
higher degree of endoscopic inflammation as well as with high-
er odds of finding concomitant dysplasia in random biopsies. It

is important to note that presence of dysplasia in random biop-
sies was not increased when other visible colorectal lesions
such as SECs, SSAs, or TVAs were found. This is particularly im-
portant for SECs given that their dysplastic potential and asso-
ciation with higher rates of CRC in patients with IBD is conflict-
ing with some studies suggesting higher rates of dysplasia/neo-
plasia when SECs are identified but mostly underpowered to de-
monstrate a clear association [9, 34]. Lastly, we found a nega-
tive association between degree of histologic inflammation
and the odds of finding hyperplastic polyps (HPs). This is likely
because HP visualization may be obscured in a background of
inflamed mucosa – the higher the degree of inflammation, the
lower the probability of visualizing and resecting HPs.

This study has some limitations. First, the cross-sectional na-
ture allows us to investigate the relationships between inflam-
mation, dysplasia, and colorectal lesions only at one given point
in time; therefore, more studies looking at the longitudinal
relationship and cumulative effect between these variables are
warranted. Second, the assignment of endoscopic degree of in-
flammation did not follow rigorous scoring systems, with most
endoscopists grading inflammation either by MES in UC cases
or by simply assigning the words “inactive, mild, moderate or
severe.” The SES-CD score was rarely used and mainly by those
endoscopists with IBD expertise. Although this is a limitation, it
also likely reflects routine clinical practice in most centers with
SES-CD score mainly used for clinical trial purposes. Third, there
are several histology scoring systems for inflammation used
across institutions and the external reproducibility of these
study results may vary depending on such scoring systems.
Lastly, our tertiary care center serves a large population of CD
and PSC patients; hence, the proportion of patients with
Crohn’s colitis undergoing surveillance in this study is likely
higher than in most centers. This study highlights the need for
a simple endo-histologic score for disease activity that can be
validated and implemented across centers and practices while
reducing intra-observer and interobserver variability.

Conclusions

In this large cross-sectional analysis of IBD surveillance colonos-
copies, TVAs appear to be more prevalent in patients with more
severe endoscopic inflammation and presence of concomitant
dysplasia in random biopsies. A higher degree of both endo-
scopic and histologic inflammation carries higher odds of de-

▶Table 5 Crosstabulation of concordance between endoscopic and histologic inflammation scoring.

Histo Inactive Mild Moderate Severe Total endoscopic

Endo

Inactive 471 113 7 0 591

Mild 82 131 25 1 239

Moderate 5 47 32 0 84

Severe 0 8 17 2 27

Total histologic 558 299 81 3 941
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tecting LGD IBD, HGD IBD, and IND in random biopsies. Agree-
ment between histologic and endoscopic inflammation scoring
is low, highlighting the need for a simple endo-histologic score
for disease activity across practices.
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