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disability index (IBD-DI).40 In the PRO Measurement Infor-
mation System (PROMIS) study of Internet-based collection
of PROs, 6689 patients with CD and 3945 with UC reported
more depression, anxiety, fatigue, sleep disturbance, and
pain interference than the general population, as well as less
social satisfaction.41 A Japanese study looking at sexual
function after ileal pouch anal anastomosis found relatively
poor sexual activity postoperatively, whereas another study
did not.42,43 Fatigue was reported in 26% of 220 patients
with IBD and associated with poor QoL, disability, and
depression, even when controlling for disease activity.44

The IOIBD Delphi group voted to include restoration of
QoL and reduction in disability as formal long-term treat-
ment targets irrespective of other objective markers of
inflammation. One possible implication of this statement is
that a given treatment impairing QoL should be revisited
even if deep healing has been achieved with this treatment.
Because EH is also a treatment target, shared decision
making with the patient is of utmost importance to balance
the different targets, as not always all can be achieved.
Nonetheless, QoL (including food-related QoL), disability,
fatigue, depression, anxiety, sexual dysfunction, and body
image must all be heavily factored in the regular assessment
of patients with IBD (see Supplementary Material for
details).

“The more the merrier”: Combining targets as a
strategy to improve patient outcomes. The individual
merit of each of the aforementioned targets can be further
enhanced by the development and use of composite end-
points involving several targets instead of individual ones. A
post hoc analysis of the CALM trial demonstrated that the
combination of CRP with FC is superior to FC alone in
predicting endoscopic healing after 48 weeks of adalimu-
mab treatment.45 This has also been shown in the pediatric

ImageKids cohort using the MINI (Mucosal-Inflammation-
Non-Invasively)-index.46 The MINI index performed better
in reflecting endoscopic inflammation when it included CRP
in addition to FC alone, especially in the gray FC values zone
of 100 to 600 mg/g. A similar study in adults showed that
adding CRP to FC to the Utrecht Activity Index had a su-
perior performance than using FC alone.47 Another retro-
spective study reported improved accuracy in diagnosing
CD among 128 children with elevated FC levels by consid-
ering also erythrocyte sedimentation rate (ESR), CRP, and
albumin.48 In a small pediatric study, FC <500 mg/g, CRP
<5 mg/dL, and pediatric CDAI (PCDAI) <10 had excellent
negative likelihood ratio (0.2) for endoscopically inactive
disease.15

In other studies, the addition of CDAI to FC improved
area under the receiver operating characteristic curve for
detecting mucosal inflammation from 0.88 to 0.96,49 and the
addition of CRP to FC improved specificity from 87% to
100%.20 Similarly, one study showed that a CDAI-based PRO
plus FC and CRP (ie, PROþ) performed better than PRO
alone (area under the receiver operating characteristic
curve 0.81 vs 0.56 for SES-CD "7).50 A pediatric prospective
study showed that the combination of weighted PCDAI
(wPCDAI) with FC was superior to either alone in predicting
long-term deep healing following infliximab treatment.51

Additional studies support the notion that the combination
of multiple targets improves the overall test perform-
ance.52–54 Indeed, in a post hoc analysis of the EXTEND trial,
achieving combined endpoint of lack of ulcerations on
endoscopic evaluation and clinical remission (ie, deep
remission) was associated with fewer treatment adjust-
ments, hospitalizations, surgeries, and better QoL, compared
with achieving EH alone.55 Voiosu et al56 showed prospec-
tively that the combination of FC >30 mg/g and low QoL

Figure 2. Treatment targets in CD and UC.
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after initial diagnosis despite optimal treatment with
mesalamine and an immunomodulator), need for sur-
gery, development of colon cancer, and the presence of
EIMs.

Another review defined “complicated” disease as the
development of colon cancer, the need for colectomy, or
the presence of EIMs.33

A number of cohort studies have identified prognostic
factors for a complicated disease course in patients
with UC (Supplementary Table 7, and Supplementary
Information).

For structural damage, see the Supplementary
Information for more detail.

Future Directions

Although most treatment algorithms in IBD begin
with classifying patients according to “disease
severity,”48 these primarily are symptom-based at a
point in time (eg, presentation) and there has been no

formal consensus or validated definition regarding the
course, disease burden, or related disability of mild,
moderate, or severe CD or UC. This is problematic when
considering therapies with regulatory approval for use
according to a patient’s disease severity at a particular
time when the implication is for use according to disease
activity. As discussed, patients may have severe disease
warranting aggressive therapies even if their point-in-
time disease activity is not severe. Examples include
patients who have extensive steroid-dependent UC or CD
refractory to immunosuppressives with mild symptoms
on high doses of corticosteroids. Conversely, patients
may have severe symptoms without evidence of active
inflammation. Indeed, approximately 20% of patients
entered into the Crohn’s disease clinical trial evaluating
infliximab in a new long term treatment regimen and
study of biologic and immunomodulator naive patients in
Crohn’s disease studies based on moderate–severe CDAI
scores had no evidence of mucosal disease at
colonoscopy.

Figure 1. The interplay be-
tween the different do-
mains that govern disease
severity. (A) When discus-
sing disease severity in
IBD, it is important to
consider the impact of dis-
ease on the patient, dis-
ease burden, and disease
course. However, these
measures are not mutually
exclusive and the cor-
relations and interactions
between them are not
necessarily proportionate.
(B) Example of interplay
between domains in a hy-
pothetical patient with
asymptomatic extensive
small-bowel CD and mod-
erately active endoscopic
lesions. (C) Example of
interplay between domains
in a hypothetical patient
with an isolated, short ileal
stricture associated with
disabling obstructive sym-
ptoms. GI, gastrointestinal.
*Only for Crohn’s disease.
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Klinikai: PUCAI
„Colonoscopic appearance, the primary measure
of disease activity in adult ulcerative colitis, is less 
acceptable to children.”

© Copyright to The Hospital for Sick Children, To-
ronto, Canada, 2006.

Appendix 2. Pediatric Ulcerative Colitis
Activity Index

Item Points

1. Abdominal pain
No pain 0
Pain can be ignored 5
Pain cannot be ignored 10

2. Rectal bleeding
None 0
Small amount only, in less than 50% of stools 10
Small amount with most stools 20
Large amount (!50% of the stool content) 30

3. Stool consistency of most stools
Formed 0
Partially formed 5
Completely unformed 10

4. Number of stools per 24 hours
0"2 0
3"5 5
6"8 10
!8 15

5. Nocturnal stools (any episode causing wakening)
No 0
Yes 10

6. Activity level
No limitation of activity 0
Occasional limitation of activity 5
Severe restricted activity 10

Sum of PUCAI (0"85)

© Copyright to The Hospital for Sick Children,
Toronto, Canada, 2006.
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! 0.37, P ! 0.001), hemoglobin (r ! "0.22; P ! 0.007),
and albumin (r ! "0.57; P # 0.001).

Median PUCAI scores were significantly higher in pa-
tients whose therapy escalated during that visit than those
whose medical therapy decreased or remained unchanged (0
[IQR 0–10] versus 45 [30–60]; Wilcoxon Rank Sum Test, P
# 0.001). In fact, only 4% of patients with PUCAI #10 (i.e.,
remission) had any escalation of therapy during that visit
versus 50% of patients with mild disease (PUCAI 10–34),
and 89% of patients with moderate or severe disease (PUCAI
!35, P # 0.001). Overall, the PUCAI score highly predicted
the need for escalating medical therapy (area under the ROC
curve 0.94; 95% CI 0.90–0.98).

Cutoffs of Disease Activity
The PUCAI differentiated very well the different cate-

gories of disease activity captured by the PGA (Fig. 1;
Kruskal–Wallis3 P # 0.001; Spearman r ! 0.87, P # 0.001).
The best cutoff to differentiate remission from active disease
was #10 points (sensitivity 89%, specificity 89%, area under
ROC curve 0.94; 95% CI 0.90–0.97), to differentiate mild
from moderate disease activity at least 30 points (sensitivity
95%, specificity 95%, AUC 0.98; 95% CI 0.97–1), and mod-

erate disease activity from severe at least 65 points (sensitiv-
ity 92%, specificity 94%, AUC 0.99; 95% CI 0.97–1).

Test–Retest Reliability
Median PUCAI values at baseline and follow-up of 121

children who remained unchanged (judged by PGA of disease
activity) were 0 points (IQR 0-10) at both times. Accordingly,
ICC analysis of these patients showed excellent test–rest
reliability (ICC ! 0.89 [95% CI 0.84–0.92], P # 0.001).
Subgroup analysis of 2 age groups did not differ substantially
(ICC ! 0.89 [95% CI 0.83–0.92] for #8 years versus 0.85
[95% CI 0.67–0.83] for $8 years of age).

Responsiveness, MDC, and the MID
A total of 213 children (99%) had a follow-up visit

recorded and thus contributed to the responsiveness analysis.
The %PUCAI differentiated well the different groups of im-
provement, unchanged and deterioration, as judged by the
change in PGA (Fig. 2; r ! 0.87; Kruskal–Wallis,5 P
# 0.001). The 3 conceptual methods to evaluate responsive-
ness (i.e., distributional, anchor-based, and correlational) in-
dicated high responsiveness of the PUCAI across all statisti-
cal methods (Table 2).

The MID of small change in PUCAI (worsening or
improvement) was 10 points (for improvement: sensitivity
81% specificity 86%, area under the ROC curve 0.92 [95% CI
0.88–0.96]; for deterioration: sensitivity 91%, specificity
80% and AUC 0.93 [95% CI 0.88–0.98]). The MID for
moderate improvement was at least 30 points (sensitivity
92%, specificity 90%; area under the ROC curve 0.96 [95%
CI 0.92–0.99]). It was impossible to calculate the MID for
moderate worsening since there were only 2 patients in this
subgroup.

TABLE 2. Responsiveness Analysis of the PUCAI

PUCAI

Median change (IQR)
Improveda 55 (45–65)
Stable 0 (0–10)
Worseneda "42.5 ("75–10)
Deemed to have improved 32.5 (5–50)

SESb [change/SDbaseline]
Changed 2.60
Stable 0.36
Deemed to have changed 1.45

SRMb [change/SDchanged]
Changed 2.66
Stable 0.46
Deemed to have changed 1.20

Responsiveness statisticsb

[MID/ SDunchanged]
1.32

Correlation with change in PGA 0.84 (P#0.001)
AUC of ROC between changed

and unchanged (95% CI)
0.96 (0.92–0.99)

SES, standardized effect size; SD, standard deviation; SRM, standardized
response mean; MID, minimal important difference; PGA, physician global
assessment; AUC, area under the curve; ROC, receiver operating character-
istic
aDefined as at least moderately changed.
bEffect size statistics (SES, SRM, and RS) should be interpreted as follows:
0.2–0.5 small effect, 0.5–0.8 moderate effect, $0.8 large effect.

FIGURE 1. Distribution of the PUCAI according to disease ac-
tivity as measured by physicians’ global assessment (PGA). The
numbers on the right denote the best cutoff scores to differen-
tiate disease activity, obtained by serial ROC curves.
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PRO: TUMMY-UC

new score was calculated and compared by the Student t test
and ICC (95% CI). Additionally, bootstrapping was used to
randomly select 10,000 samples of scores, and at each iteration,
1 and then 2 items were randomly chosen for imputation.

Results
In an iterative process, 129 cognitive interviews were

conducted with 107 children with UC and 48 caregivers
(Table 1), while finalizing the exact wording and response
options of each item. There were 26 interviews of caregivers
to children aged 2 to 7 years (ObsRO), 22 double interviews
of children aged 8 to 12 years (PRO) and their caregivers
(ObsRO), and 81 interviews of adolescents aged 13 to 18
years (PRO). After 47 interviews, results were summarized
for feedback from the EMA, FDA, and the steering committee
(stage 2b), followed by revision of the TUMMY-UC wording
and the interview script for an additional 82 interviews
(stage 2c). Further adjustments to the wording and
response options were conducted in an iterative manner
until no new signals appeared.

Based on the rank ordering of the importance scoring
(Table 2) and the univariate correlation matrix of the
TUMMY-UC items with concurrent disease activity

(Supplementary Table 1), the 3 top items (amount of rectal
bleeding, frequency of rectal bleeding, and stool frequency)
were weighted 50% higher than the other items (governed
by the number of response options to allow for round
numbers).

The final TUMMY-UC, including its PRO and ObsRO
versions, was then evaluated in stage 3 in which 84 children
were prospectively recruited, of whom 52 underwent co-
lonoscopy and 32 provided stool for calprotectin (Table 1).

Reliability
The reliability in the repeated assessment at all 3 time

points was excellent (Figure 1): ICC, 0.88 (95% CI, 0.8–
0.93) for D1–D2; ICC, 0.95 (95% CI, 0.92–0.97) for D11–
D12; and ICC, 0.90 (95% CI, 0.84–0.94) for D25–D26 (all P
< .001). There was similarly excellent reliability of the
TUMMY-UC between D3–D4 and D11–D12 in the 39 chil-
dren who were judged to be stable (ICC, 0.90; 95% CI,
0.81–0.95; P < .001).

Construct and Discriminative Validity
The TUMMY-UC at D1–D2 had moderate to strong cor-

relations with all constructs of disease severity, and all were
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Biokémia
Jól korrelál: széklet calprotec2n [FCP] vs endoszkópos ak2vitás.

Rövid távú kimenetel jó prediktora.

Rowan et al. Journal of Crohn's and ColiVs, 2019, 1365–1371.

Supplementary Table 4. Accuracy of Biomarkers to Predict Disease Activity or Severity in Patients With Crohn’s Disease and Ulcerative Colitis

Biomarker Study Patients, N
Assessment of

disease activity/severity
Biomarker
cut-off Sensitivity, % Specificity, %

Positive
predictive value, %

Negative predictive
value, %

Crohn’s disease
CRP Chamouard et al41 150 van Hees Index <150 !4 mg/L 44 100 100 66

CDAI <220 !4 mg/L 49 88 90 46
Karoui et al42 103 CDAI !220 <19 mg/L 76 56
Sipponen et al43 77 CDEIS <3 <5 mg/L 48 91 91 48
Schoepfer et al44 122 SES-CD <4 <5 mg/L 68 58 88 29
af Bjorkesten et al30 64 SES-CD !2 !3 mg/L 50 24
Nancey et al45 78 SES-CD <2 <5 mg/L 46 86 78 61

Fecal calprotectin Sipponen et al43 77 CDEIS <3 <200 mg/g 70 92 94 61
CDEIS 3–9 <1000 mg/g 69 93 82 87

af Bjorkesten et al30 64 SES-CD !2 !94 mg/g 84 74
Schoepfer et al44 122 SES-CD <4 <70 mg/g 89 72 88 76
D’Haens et al46 87 No ulcers <250 mg/g 52 83 89 38

No ulcers >5 mm <250 mg/g 60 80 78 62
CDEIS <3 <250 mg/g 94 62 49 97

Nancey et al45 78 CDEIS <3 <250 mg/g 71 78 79 71
Fecal lactoferrin Sipponen et al43 77 CDEIS <3 <10 mg/g 66 92 94 59

CDEIS 3–9 <50 mg/g 65 96 87 83
Fecal neopterin Nancey et al45 78 SES-CD !2 <200 pmol/g 74 73 73 74
Ulcerative colitis
CRP Nancey et al45 55 Rachmilewitz score <2 <5 mg/L 63 100 100 55

Schoepfer et al26 228 Modified Baron Score <2 <6 mg/L 68 72
Fecal calprotectin D’Haens et al46 39 Mayo Endoscopic subscore 1–3 <250 mg/g 71 100 100 47

Mayo Endoscopic subscore 2–3 <250 mg/g 86 78 82 82
Schoepfer et al26 228 Modified Baron score <2 <57 mg/g 91 90
Nancey et al45 55 Rachmilewitz score <2 <250 mg/g 91 87 87 91

Fecal neopterin Nancey et al45 55 Rachmilewitz score <2 <200 pmol/g 74 100 100 73
Husain et al47 52 SCCAI <5 <98.4 ng/g 88 82

CDEIS, Crohn’s Disease Endoscopic Index of Severity; SCCAI, Simple Clinical Colitis Activity Index; SES-CD, Simple Endoscopic Scale–Crohn’s Disease.
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Szövettani
Klasszikus: Geboes, Nancy, Riley...

Jövő: 
PICaSSO
Histologic Remission
Index (PHRI) 

896 Gui X, et al. Gut 2022;71:889–898. doi:10.1136/gutjnl-2021-326376

Artificial intelligence

development of a computer- aided UC histological diagnosis and 
scoring system based on PHRI, to the best of our knowledge 
the first in the field of IBD, supports the notion that a simpli-
fied score is readily implementable into an AI model. This may 
complement rapidly advancing development of AI systems for 
endoscopic scoring of UC, including prediction of histology 
from endoscopic scores by a number of authors including us.40–48 
Although preliminary, these findings are particularly promising 
in light of the rapid integration of CAD systems into clinical 
practice. The potential benefits of this change are extraordinary, 
but their discussion exceeds the objectives of our study.

Admittedly, our work has a few limitations. First, our patients’ 
follow- up protocol did not include the endoscopic and histo-
logical reassessments at 12 months (not standard of care in all 
centres), and second it only lasted 12 months, whereas some 
clinical outcomes might be observed even after 36 months.49 
Third, we did not follow- up patients using patient- reported 
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sufficiently the global score of PHRI throughout different 
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Table 3 Classification results reached during the validation and the 
test stage with the neutrophil identification model and the activity of 
UC prediction

Neutrophil infiltration UC activity

Validation set Test set Validation set Test set

Sensitivity 0.8136 0.8043 0.6700 0.7800

Specificity 0.9253 0.9429 0.9000 0.9167

Positive predictive 
value

0.8683 0.8810 0.8000 0.8750

Negative 
predictive value

0.9076 0.9017 0.8182 0.8462

F1- score 0.8108 0.8409 0.7400 0.8235

Accuracy 0.8783 0.8952 0.8371 0.8600

Figure 6 Original images (first column), annotation of the pathologist 
(second column) and class activation maps (CAMs) (third column). Note 
that in this case, the first row corresponds to the lamina propria while 
the second row corresponds to the surface of the epithelium.

Gui X, et al. Gut 2022;71:889–898.
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Az endoszkópia továbbra is az arany standard:

–betegségaktivitás objektív értékelésében,
–terápiás döntéshozatalban,
–kezelési válasz monitorozásában.

Rowan et al. Journal of Crohn's and ColiVs, 2019, 1365–1371.
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Scoring system for assessment of ulceraWve
coliWs acWvity

clinical symptoms that comprise the scoring tools), and inflammatory burden. A
detailed review of activity indices and efficacy end points in 20073 listed the following
scores: the Baron (endoscopic) score in 1964,4 the Powell-Tuck Index/Powell-Tuck
sigmoidoscopic assessment in 1978,5 the Mayo Score (also called the Mayo Clinic
Score and the Disease Activity Index)/Mayo Score Flexible Proctosigmoidoscopy
Assessment in 1987,6 the Sutherland Index (also called the Disease Activity Index or
UC Disease Activity Index)/the Sutherland Mucosal Appearance Assessment in
1987,7 Clinical Activity Index (Rachmilewitz Index)/Endoscopic Index in 1988,8 the Ac-
tivity Index (Seo Index) in 1992,9 Lichtiger Index (Modified Trulove and Witts Severity
Index) in 1990,10 the Physician Global Assessment/Sigmoidoscopic Index in 1993,11

the Investigators Global Evaluation/Sigmoidoscopic Inflammation Grade Score in
1998,12 Simple Clinical Colitis Activity Index in 1998,13 Improvement Based on Individ-
ual Symptom Scores in 2002,14 Ulcerative Colitis Clinical Score/Modified Baron Score
in 2005,15 and patient-defined remission in 2005.16

Of these, one of themost popular and commonly used scores in clinical practice has
been the Mayo Score (Table 1). The endoscopic scoring tools listed earlier, including
the Mayo Score, involve several variables that have been reported to have significant
interobserver variability (namely mucosal friability). In 2012, in an effort to develop an
endoscopic scoring tool with lower interobserver variability, the Ulcerative Colitis
Endoscopic Index of Severity (UCEIS) was developed.17 The study showed that just
3 descriptors (vascular pattern, bleeding, and erosions and ulcers) were sufficient to
create a model accounting for 90% of the overall assessment of endoscopic severity
associated with UC (Table 2).

Table 1
Scoring system for assessment of ulcerative colitis activity

Stool frequency 0 5 Normal number of stools for this patient
1 5 1–2 stools more than normal
2 5 3–4 stools more than normal
3 5 5 or more stools more than normal

Rectal bleedinga 0 5 No blood seen
1 5 Streaks of blood with stool

less than half of the time
2 5 Obvious blood with stool most of the time
3 5 Blood alone passed

Findings of
flexible sigmoidoscopy

0 5 Normal or inactive disease
1 5 Mild disease (erythema,

decreased vascular pattern, mild friability)
2 5 Moderate disease (marked erythema,

absent vascular pattern, friability, erosions)
3 5 Severe disease

(spontaneous bleeding, ulceration)

Physician’s global assessmentb 0 5 Normal
1 5 Mild disease
2 5 Moderate disease
3 5 Severe disease

a This score represented the most severe bleeding of the day.
b The physician’s global assessment acknowledged other criteria including the patient’s daily
abdominal discomfort, general sense of well-being, performance status, and physical findings.

From Schroeder KW, Tremaine WJ, Ilstrup DM. Coated Oral 5-Aminosalicylic Acid Therapy for
Mildly to Moderately Active Ulcerative Colitis. N Engl J Med. 1987;317(26):1625-1629. https://doi.
org/10.1056/NEJM198712243172603.

Assessing Severity of Disease 673

Schroeder et al. Coated Oral 5-Aminosalicylic Acid Therapy for Mildly to Moderately AcVve UlceraVve ColiVs.
N Engl J Med. 1987;317(26):1625-1629.
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background

 

Infliximab, a chimeric monoclonal antibody directed against tumor necrosis factor 

 

a

 

,
is an established treatment for Crohn’s disease but not ulcerative colitis.

 

methods

 

Two randomized, double-blind, placebo-controlled studies — the Active Ulcerative
Colitis Trials 1 and 2 (ACT 1 and ACT 2, respectively) — evaluated the efficacy of inflix-
imab for induction and maintenance therapy in adults with ulcerative colitis. In each
study, 364 patients with moderate-to-severe active ulcerative colitis despite treatment
with concurrent medications received placebo or infliximab (5 mg or 10 mg per kilo-
gram of body weight) intravenously at weeks 0, 2, and 6 and then every eight weeks
through week 46 (in ACT 1) or week 22 (in ACT 2). Patients were followed for 54 weeks
in ACT 1 and 30 weeks in ACT 2.

 

results

 

In ACT 1, 69 percent of patients who received 5 mg of infliximab and 61 percent of
those who received 10 mg had a clinical response at week 8, as compared with 37 percent
of those who received placebo (P<0.001 for both comparisons with placebo). A response
was defined as a decrease in the Mayo score of at least 3 points and at least 30 percent,
with an accompanying decrease in the subscore for rectal bleeding of at least 1 point or
an absolute rectal-bleeding subscore of 0 or 1. In ACT 2, 64 percent of patients who re-
ceived 5 mg of infliximab and 69 percent of those who received 10 mg had a clinical re-
sponse at week 8, as compared with 29 percent of those who received placebo (P<0.001
for both comparisons with placebo). In both studies, patients who received infliximab
were more likely to have a clinical response at week 30 (P≤0.002 for all comparisons).
In ACT 1, more patients who received 5 mg or 10 mg of infliximab had a clinical re-
sponse at week 54 (45 percent and 44 percent, respectively) than did those who received
placebo (20 percent, P<0.001 for both comparisons).

 

conclusions

 

Patients with moderate-to-severe active ulcerative colitis treated with infliximab at
weeks 0, 2, and 6 and every eight weeks thereafter were more likely to have a clinical
response at weeks 8, 30, and 54 than were those receiving placebo. (ClinicalTrials.gov
numbers, NCT00036439 and NCT00096655.)
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rectum or the sigmoid colon. Of the 99 procedures, 
18 did not have adequate rectal photography, while 5 
did not have photos of the sigmoid. Not including the 
18 in the “unknown” category, the percent agreement 
between the two reviewers for the rectum measure 
was 68% and the Cohen’s kappa value (95%CI) 
was calculated to be 0.54 (0.41, 0.68), indicating 
“moderate-substantial” agreement between the two 
graders (Table 2) In contrast, there was less agreement 
(60%) in the sigmoid scoring. For the sigmoid, Cohen’s 
kappa value (95%CI) was calculated to be 0.44 (0.32, 
0.56), consistent with “fair-moderate agreement” 
(Table 3). Details of the data collection is in shown in 
Table 4.

Correlation between Mayo and PUCAI scores
For this analysis, we compared the endoscopic severity 
(Mayo score) at time of colonoscopy with clinical 
disease severity (PUCAI) from a proximal clinic visit or 
inpatient assessment. For the comparison, we utilized 
the common Mayo score if both endoscopy raters 
agreed, or the three rater consensus score if the two 
raters disagreed. In our population, PUCAI scores were 
obtained before colonoscopy in 30% of patients, and 
after colonoscopy in 70% of patients. The median time 
between endoscopic assessment and calculation of 
PUCAI score was 14 d, interquartile range 5-21 d, and 
91% of scores were obtained within 30 d. 

There was strong correlation between Mayo 
endoscopic score of disease severity in the rectum 
and PUCAI (Figure 1; R-squared = 0.43, P < 0.001). 
Similarly, there was strong correlation between 
sigmoid inflammation and PUCAI (R-squared = 0.25, 
P < 0.001, data not shown). However, within each 
stratum of PUCAI score, there was variability within 

on clinical investigation.

RESULTS
Demographics
We identified 163 colonoscopies performed in children 
and young adults with ulcerative colitis performed 
during the study period. Of these, we excluded 
64 procedures because they were either duplicate 
procedures on the same patient, there were no 
adequate colonoscopy photos to assess mucosal 
inflammation, there was no clinic visit in proximity 
to the endoscopy, or medical interventions had been 
performed between the colonoscopy and the clinical 
assessment that would affect disease activity. The 
final population for analysis was 99 patients, with 
demographics of the study population provided in 
Table 1. There were 47 males and 52 females, with 
a median age of 16 years. Most patients (82%) had 
had colitis for 1 year or more; 68% were receiving 
treatment with aminosalicylates, and 45% were 
receiving either thiopurines, methotrexate, or anti-TNF 
therapy. 

Inter-rater reliability of colonoscopy photos
For this analysis, the inter-rater reliability of two 
different regions (rectum and sigmoid) was compared. 
All patients had at least one interpretable photo of the 

Table 1  Descriptive information regarding the dataset (n = 99) 

Characteristic n  (%) 

Gender
   Male 47 (47)
   Female 52 (53)
Ulcerative colitis (UC) duration - scope
   New onset 1 (1)
   < 1 yr 16 (16)
   1-3 yr 30 (30)
   3-5 yr 16 (16)
   > 5 yr 36 (36)
Indication for procedure
   Suspicion of UC 1 (1)
   Active symptoms 61 (62)
   Consideration of Medication change 10 (10)
   Assessment of Medication efficacy 13 (14)
   Cancer screening 14 (14)
Paris classification
   E1 Proctitis 1 (1)
   E2 Left-sided 20 (20)
   E3 Extensive 5 (5)
   E4 Pancolitis 73 (74)
Medications at time of colonoscopy
   5-aminosalicylic acid (5 ASA) 67 (68)
   Steroids 30 (30)
   Mercaptopurine/methotrexate 33 (33)
   Infliximab/adalimumab 12 (12)
   Antibiotics 10 (10)
   Five ASA Enema 5 (5)
   Hydrocortisone Enema 10 (10)
   Methotrexate 1 (1)
   Tacrolimus 3 (3)
   VSL 3 probiotic 10 (10)

Table 2  Inter-observer agreement in grading rectal disease 
severity (Mayo scores) between reviewers 

Reviewer AB Reviewer PR

0 1 2 3 Unknown Total

0 22   4   1 0   0 27
1   1 22 12 1   0 36
2   0   2   8 4   0 14
3   0   0   1 3   0   4
Unknown   0   0   0 0 18 18
Total 23 28 22 8 18 99

Table 3  Inter-observer agreement in grading sigmoid disease 
severity (Mayo score) between reviewers 

Reviewer AB Reviewer PR

0 1 2 3 Unknown Total

0 22   5   0   0 0 27
1   2 22 12   4 0 40
2   0   3   9   7 0 19
3   0   0   5   3 0   8
Unknown   0   0   0   0 5   5
Total 24 30 26 14 5 99
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the Mayo rectal endoscopic scores. This was most 
notable in the mild to moderate range of PUCAI (Figure 
2). Severe clinical disease correlated well both clinically 
and endoscopically, with no patients with PUCAIs of 
over 65 having Mayo scores of less than 2. However, 
20% of patients with rectal Mayo scores of 1 or 2 had 
PUCAIs < 10 (clinical remission), suggesting that a 
subset of patients with mild to moderate endoscopic 
disease have minimal symptoms.

While all six subcomponents of the PUCAI demon-
strated statistically significant correlation with rectal 
Mayo scores, the strongest correlations were seen with 
rectal bleeding (Pearson’s r = 0.59), stool consistency (r 
= 0.50), and number of stools (r = 0.49). The weakest 
correlation was with abdominal pain (r = 0.33). 

DISCUSSION
Our study was designed to ascertain the association 
between standardized scores of clinical and endoscopic 
disease severity in children and young adults with 
ulcerative colitis. In particular, we compared the 
Pediatric Ulcerative Colitis Activity Index (PUCAI) as 
a measure of clinical activity with the Mayo score of 

mucosal disease. We demonstrated that the degree 
of mucosal inflammation may be difficult to ascertain 
in pediatric patients with ulcerative colitis, even by 
experienced IBD endoscopists looking at the same 
endoscopic photos using a standardized guide. While 
statistically significant inter observer agreement 
existed, there was significant variability, especially with 
mild to moderate inflammation (Mayo scores of 1 and 
2). Agreement was improved in patients in endoscopic 
remission (Mayo score 0) or severe colitis (Mayo 
score 3). We also identified a statistically significant 
correlation between endoscopic and clinical severity, 
but there was also variation in clinical disease severity 
within each stratum of endoscopic severity. We also 
demonstrate that some aspects of the PUCAI score 
(e.g., rectal bleeding) correlate better with endoscopic 
severity than other more subjective components 
(abdominal pain).

Our determination of inter-rater reliability of 
endoscopic disease severity is comparable to what 
has been reported in the literature when rating adults 
with IBD. In a prospective study of endoscopic disease 
severity utilizing video endoscopy and Mayo score 
grading, the endoscopic score had the lowest inter-

Table 4  Pediatric ulcerative colitis activity index data by 
component

Characteristic mean ± SD or n  (%)

Age at time of colonoscopy (yr) 15.7 (4.1)
Days between colonoscopy and PUCAI score   14.8 (10.6)
Method of PUCAI collection
   Prospectively entered at time of clinic visit   27 (27)
   Calculated from medical record   72 (73)
Abdominal pain
   No pain   52 (53)
   Present but ignored   36 (36)
   Cannot be ignored   11 (11)
Rectal bleeding
   None   49 (49)
   Small amount, < 50%   20 (20)
   Small amount, most   27 (27)
   Large amount   3 (3)
Consistency
   Formed   57 (58)
   Partially formed   35 (35)
   Completely unformed   7 (7)
Number of stools
   0-2   61 (62)
   3-5   21 (21)
   6-8   11 (11)
   > 8   6 (6)
Nocturnal stools   18 (18)
Activity limitation   
   No limitation   62 (63)
   Occasional limitation   29 (29)
   Severe restriction   8 (8)
Overall activity
   Remission, 0-9   33 (33)
   Mild, 10-34   39 (39)
   Moderate, 35-64   23 (23)
   Severe, > 64   4 (4)
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Figure 1  Correlation between disease severity in rectum (Mayo score) 
and Pediatric ulcerative colitis activity index. PUCAI: Pediatric ulcerative 
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the Mayo rectal endoscopic scores. This was most 
notable in the mild to moderate range of PUCAI (Figure 
2). Severe clinical disease correlated well both clinically 
and endoscopically, with no patients with PUCAIs of 
over 65 having Mayo scores of less than 2. However, 
20% of patients with rectal Mayo scores of 1 or 2 had 
PUCAIs < 10 (clinical remission), suggesting that a 
subset of patients with mild to moderate endoscopic 
disease have minimal symptoms.
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strated statistically significant correlation with rectal 
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DISCUSSION
Our study was designed to ascertain the association 
between standardized scores of clinical and endoscopic 
disease severity in children and young adults with 
ulcerative colitis. In particular, we compared the 
Pediatric Ulcerative Colitis Activity Index (PUCAI) as 
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demonstrate that some aspects of the PUCAI score 
(e.g., rectal bleeding) correlate better with endoscopic 
severity than other more subjective components 
(abdominal pain).
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Ez az összes?
Ø Baron (endoscopic) score in 1964
Ø Powell-Tuck Index/Powell-Tuck sigmoidoscopic assessment in 1978
Ø Mayo Score (also called the Mayo Clinic score and the Disease Activity Index) / Mayo

Score Flexible Proctosigmoidoscopy Assessment in 1987
Ø Sutherland Index (also called the Disease Activity Index or UC Disease Activity Index) / the

Sutherland Mucosal Appearance Assessment in 1987
Ø Clinical Activity Index (Rachmilewitz Index) / Endoscopic Index in 1988
Ø Activity Index (Seo Index) in 1992
Ø Lichtiger Index (Modified Trulove and Witts Severity Index) in 1990
Ø Physician Global Assessment/Sigmoidoscopic Index in 1993
Ø Investigators Global Evaluation / Sigmoidoscopic Inflammation Grade Score in 1998
Ø Simple Clinical Colitis Activity Index in 1998
Ø Improvement Based on Individual Symptom Scores in 2002
Ø Ulcerative Colitis Clinical Score / Modified Baron Score in 2005
Ø Patient-defined remission in 2005

Pabla, Schwartz. Gastroenterol Clin N Am 49 (2020) 671–688



Ulcerative colitis endoscopic index of severity (UCEIS)

Role of Biomarkers

Several biomarkers have been studied with a focus on the degree of correlation with
endoscopic disease in UC. The most commonly used biomarkers include ESR,
C-reactive protein (CRP), fecal calprotectin (FC), and fecal lactoferrin (FL). Although
ESR and CRP can be helpful in differentiating inflammatory from noninfectious causes
of diarrhea, these are both nonspecific markers that can be increased in various other
disease states.18 ESR especially is nonspecific and does not change as rapidly as
CRP does, further limiting its utility.18,19 Importantly, historical studies have shown
that up to 50% of patients with active disease may not have increased levels of
CRP.20,21 Cutoffs of less than 5 to 6 mg/L have been proposed for CRP, with the
main limitation of this test being its decreased sensitivity and negative predictive
value; that is, a large proportion of patients with mild disease may have normal CRP
levels.22,23 CRP does have an important role in predicting the need for colectomy. Pa-
tients with severe acute UC with persistently increased levels greater than 45 mg/L in
patients having 3 to 8 bowel movements a day despite greater than 3 days of treat-
ment with high-dose intravenous corticosteroids (IVCS) are at increased risk for
colectomy.24

FC and FL are more specific for intestinal inflammation, and, in general, correlate
more closely with colonic disease.25,26 Levels between 50 and 250 mg/g have been

Table 2
Ulcerative colitis endoscopic index of severity descriptors and definitions

Descriptor
(Score Most
Severe Lesions)

Likert Scale Anchor
Points Definition

Vascular pattern Normal (1) Normal vascular pattern with arborization
of capillaries clearly defined, or
with blurring or patchy loss of capillary margins

Patchy obliteration (2) Patchy obliteration of vascular pattern
Obliterated (3) Complete obliteration of vascular pattern

Bleeding None (1) No visible blood
Mucosal (2) Some spots or streaks of coagulated blood

on the surface of the mucosa ahead of
the scope, which can be washed away

Luminal mild (3) Some free liquid blood in the lumen
Luminal moderate

or severe (4)
Frank blood in the lumen ahead of endoscope

or visible oozing from mucosa after
washing intraluminal blood,
or visible oozing from a hemorrhagic mucosa

Erosions
and ulcers

None (1) Normal mucosa, no visible erosions or ulcers
Erosions (2) Tiny (!5 mm) defects in the mucosa,

of a white or yellow color with a flat edge
Superficial ulcer (3) Larger (>5 mm) defects in the mucosa,

which are discrete fibrin-covered ulcers
in comparison with erosions,
but remain superficial

Deep ulcer (4) Deeper excavated defects in the mucosa,
with a slightly raised edge

Additional files indicating the levels of the UCEIS are available online only.
From Travis SPL, Schnell D, Krzeski P, et al. Developing an instrument to assess the endoscopic

severity of ulcerative colitis: the Ulcerative Colitis Endoscopic Index of Severity (UCEIS). Gut.
2012;61(4):535-542. https://doi.org/10.1136/gutjnl-2011-300486.

Pabla & Schwartz674

Travis et al. Gut. 2012;61(4):535-542.
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12%. No significant differences for surgical risk were reported
among the 3 age groups (Fig. 5).

Subgroup Analysis of VEO-IBD
Finally, among children with EO-IBD, we made a subgroup

analysis evaluating potential peculiarities in presentation and
disease course of very early forms (0–2 yr) compared with dis-
eases presenting in children of 3 to 5 years of age. The diagnosis
of UC was the most common in both groups, although numeri-
cally higher in 3 to 5 years (68% versus 40%). Both groups were
characterized by an extensive disease at the diagnosis, pancolonic
involvement in UC, and an isolated colitis for CD. Upper gastro-
intestinal involvement was more common in children of 3 to
5 years than the very younger, although the difference was not
significant. Other variables at the diagnosis and at follow-up, i.e.,

sex, family history for IBD, delay of the diagnosis (.6 mo),
EIMs, mean PUCAI and PCDAI at the diagnosis, C-reactive pro-
tein, and perinuclear antineutrophil cytoplasmic antibodies at the
diagnosis and changes of the diagnosis at follow-up did not differ
between the 2 groups (Table 5).

DISCUSSION
Reports of pediatric IBD have been published for several

years.20–23 Recently, evidence for increased incidence of IBD in
young children and the identification of early forms of severe dis-
ease have represented a significant step forward the understanding
of the pathogenesis underlying IBD, determining renewed interest
in the younger age group.13,14,24,25 The most relevant discovery in
this field has been the recognition of forms of Crohn’s-like colitis

FIGURE 1. Disease location at the diagnosis according to Paris classification in EO-CD (0–5 yr) and later-onset CD (6–11 and 12–18 yr). L1: ileum, L2:
colon; L3: ileocolon; L4: upper gastrointestinal; p: perianal disease.

FIGURE 2. Disease location at the diagnosis according to Paris classification in EO-UC (0–5 yr) and later-onset UC (6–11 and 12–18 yr). E1: proctitis;
E2: left-sided colitis; E3: extensive colitis; E4: pancolitis.
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better disease outcome [7]. Histologic assessment and
scoring is therefore important for the evaluation of UC
activity predicting remission rates and risk of malignancy
or surgery. Currently, one of the most frequently used
histopathological scores is Riley Score [8]. Riley Score
incorporates the following histological features: (a) pres-
ence of acute inflammatory cell infiltrate (neutrophils in
the lamina propria), (b) crypt abscesses, (c) mucin deple-
tion, (d) surface epithelial integrity, (e) chronic inflamma-
tory cell infiltrate (round cells in the lamina propria), and
(f) crypt architectural irregularities [7, 8].
Based on a study from Japan, colonoscopy is preferred

over sigmoideoscopy for the evaluation of inflammation
in UC [9]. Disease extention has a significant implication
for prognosis due to the association between extensive
UC and colectomy and colorectal cancer; nevertheless,
disease localisation and extent determine treatment
choice, as well [10]. However, none of the currently
widely used endoscopic scores consider disease extent,
and therefore they do not correlate with the real severity
of UC outcome. Our aim was to assess the accuracy of a
new score (Pancolonic Modified Mayo Score) that as a
matter of fact is a modified Endoscopic Mayo Subscore
(eMayo) in order to reflect not only the activity, but the
extent of UC.

Methods
Study population
This single-centre, prospective study was carried out on
consecutive patients with confirmed diagnosis of UC
between January 2011 and October 2015. Diagnosis was
based on the European evidence-based Consensus on the
diagnosis and management of UC (ECCO) [11]. Disease
phenotype and extension were determined according to
the Montreal Classification [12] and based on the
affected anatomical segments (rectum, sigmoid colon,
descending, transverse and cecum/ascending colon).
Subjects with UC of varying disease activities and extent
were enrolled. Patients with Crohn’s disease or cases with
incomplete colonoscopy were excluded. One hundred
and four patients were included finally, who were exam-
ined by complete colonoscopy which performed by one

of three experienced endoscopists (T.M., Z.SZ. and F.N.)
in accordance with protocols. All patients had given their
written informed consent to the procedure. Observers,
who carried out the colonoscopy, rated mucosal lesions
(vascular pattern, granularity, friability, ulceration) and
the severity of inflammation for each segment and the
maximum extension of involvement. Thus, panMayo
Score, eMayo and UCEIS were determined in every pa-
tient. Biopsy specimens were taken from the most se-
verely affected area for histological examination and
scoring. Riley Score was determined for each patient by an
experienced gastropathologist.

Laboratory and faecal markers
We collected blood and faecal samples from every
patient to determine specific laboratory parameters for
inflammation, namely C-reactive protein (CRP), white
blood cell count (WBC), faecal calprotectin and matrix-
metalloproteinase (MMP)-9, in addition to haemoglobin,
haematocrit, thrombocytes and serum iron level. Faecal
MMP-9 concentrations were measured using ELISA
(Quantikine MMP9 assay, R&D System, UK). One gram
of the sample was diluted, homogenised and centrifuged
twice; the final supernatant was filtered and stored at
−20 °C until analysis that was in accordance with the
manufacturer’s instructions [13]. Faecal specimens were
stored at −20 °C, thawed and prepared for a calprotectin
quantitative lateral flow assay as described by the manufac-
turer (Quantum Blue, Bühlmann Labortories, Switzerland).

Pancolonic modified Mayo score
Pancolonic Modified Mayo Score (panMayo) was calculated
with the combination of disease extension and severity
(Table 1). The eMayo Score of the five colorectal segments
(ascendending, transverse, descendending, sigmoid colon
and rectum) was determined separately and added after-
wards. Finally, the sum was multiplied by the Inflammatory
Constant if eMayo was ≥2 at least in one segment to clearly
distinguish between the active and inactive disease. Inflam-
matory constant (IC = 3) was defined at the beginning of
the study as the smallest number that can equilibrate the
difference between the sum of the inactive and active cases

Table 1 Calculation of panMayo score

Involvement (points)

eMayo (points) 1 2 3 4 5

0 0 0 0 0 0

1 1 2 3 4 5

2 2 × 3 = 6 4 × 3 = 12 6 × 3 = 18 8 × 3 = 24 10 × 3 = 30

3 3 × 3 = 9 6 × 3 = 18 9 × 3 = 27 12 × 3 = 36 15 × 3 = 45

Explanation:
Involvement: rectum: 1 point, rectum-sigmoid: 2 points, descending colon: 3 points, transverse colon: 4 points, cecum/ascending colon: 5 points
If no Inflammation (eMayo 0Ð1 points): eMayo points x involvement [1Ð5]
If active inflammation is presented in any segment: eMayo points x involvement [1Ð5] ! 3

Bálint et al. BMC Gastroenterology (2018) 18:7 Page 2 of 7
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DUBLIN
[Degree of Ulcerative colitis Burden of Luminal

Inflammation] Score

1. Introduction

Ulcerative colitis [UC] is a chronic in! ammatory disease of the 
gastrointestinal tract, and is becoming more prevalent, especially in 
industrialized countries.1 Ulcerative colitis is associated with con-
siderable morbidity and has important long-term implications for 
patientsÕ health, career and personal lives.2Ð4

In clinical practice, physicians use clinical [symptom-based] 
scores as well as biochemical and endoscopic information to de-
termine an individualÕs UC disease activity. However clinical scores 
such as the Simple Clinical Colitis Activity Index [SCCAI] and 
Partial Mayo Score [PMS] are subjective and are not reliable indica-
tors of endoscopic activity.5Ð7 Biomarkers such as faecal calprotectin 
[FCP] correlate well with endoscopic activity in UC and have been 
shown to be predictive of short-term clinical outcomes.8Ð12 However, 
endoscopy remains the gold standard for the objective assessment of 
disease activity and is a valuable tool in therapeutic decision-making 
and monitoring treatment response.

The Endoscopic Mayo Score [EMS] is a validated scoring system 
that is very frequently used to grade endoscopic activity in UC.13 
However, it focuses on a single aspect of the in! ammatory pro-
cess. The DUBLIN score builds on the positive aspects of the Mayo 
Endoscopic Score by including disease extent. Solberg et"al. found 
that disease extent was an important independent factor in the risk 
of future colectomy.14Disease extent is also relevant in terms of the 
risk of colorectal cancer. Ekbom et"al. reported a lower risk of colo-
rectal disease with less extensive disease.15 The importance of dis-
ease extent has been reiterated in more recent population studies.16 
With an ever-expanding choice of therapy and a growing appreci-
ation of the impact UC has on our patients, underestimating disease 
burden is a missed opportunity. The ability to quantify in ! amma-
tory burden is increasingly recognized as essential in the effort to 
personalize therapy for UC patients. For example, pharmacokinetic 
studies have revealed the important impact in! ammatory burden has 
on clearance of therapeutic monoclonal antibodies.17 Peyrin-Biroulet 
et"al. have suggested Ôin! ammatory burdenÕ as one of the domains 
that could be used to evaluate disease severity in IBD.18 It incorp -
orates mucosal lesions and disease extent, among other variables. 
Recognizing which patients will bene#t from aggressive therapy can 
be challenging. We therefore foresee an important role for an in! am-
matory burden score in UC to assist in personalization of treatment 
decisions.

We have therefore developed a simple endoscopic score that in-
corporates both the extent and disease severity documented at en-
doscopy to help guide physicians in treatment decisions.

The aims of this study were (i) to examine how the DUBLIN 
score performed in measuring in! ammatory burden compared with 
standard biochemical markers, and (ii) to assess the clinical utility 
of the DUBLIN score by examining its association with clinical out-
comes in a prospectively recruited cohort of UC patients.

2. Methods

2.1. Discovery !cohort
Patients with a con#rmed diagnosis of UC and with contemporan-
eous endoscopic evaluations [sigmoidoscopy or colonoscopy] and 
FCP measurements were included. A"retrospective analysis of FCP 
results from a single academic centre, with an IBD cohort of >3900 
patients, was performed [January 2015"Ð June"2016]. In terms of 
the retrospective cohort, it is impossible to implement a treatment 
algorithm.

The DUBLIN score was calculated as a product of the Mayo 
endoscopic score [MES] and disease extent [Table 1]. Extent is de-
#ned as follows:

 [i]  E1"="proctitis/proctosigmoiditis
 [ii]  E2"="left sided colitis [distal to Splenic Flexure]
 [iii]  E3"="pancolitis [proximal to Splenic Flexure]

The in! ammatory burden is the product of the severity score and 
the maximal extent score. In the case of varying degrees of severity 
in different segments, the most severe score is used to calculate the 
burden of disease.

Faecal calprotectin was measured using a validated enzyme-
linked immunosorbent assay [ELISA].

An analysis of the correlation between DUBLIN score and its in-
dividual components with FCP, an objective marker of in! ammation 
was performed using PearsonÕs correlation coef#cient.

2.2. Validation !cohort
The DUBLIN score was calculated as above, in an independent, 
prospectively recruited cohort of patients with UC. Patients with a 
con#rmed diagnosis of UC attending the endoscopy unit of a single 
academic centre for diagnostic endoscopy were prospectively re-
cruited. Patients with a new diagnosis of UC were also included if 
the diagnosis was con#rmed subsequently. A"number of patients, 
particularly those with severe colitis underwent limited endoscopic 
examinations. In many cases, it was possible to determine extent 
based on these examinations, as the point of insertion was the 
splenic ! exure. In cases where this was not possible, the extent was 
measured using radiological methods. Patients were not included in 
the study if disease extent could not reliably be determined.

Inclusion criteria:

 ¥ 18Ð75"years

Exclusion criteria:

 ¥ Use of non-steroidal anti-in! ammatory drugs [NSAIDs]
 ¥ Use of domiciliary oxygen
 ¥ Pregnancy
 ¥ Use of anti-coagulation/anti-platelet therapy other than aspirin 

mono-therapy that may increase risk of bleeding

Informed consent was obtained from all participants prior to 
entering the study. Patient demographics and data regarding medical 
history, disease duration, treatment history, current medications, and 
clinical symptoms were collected.

Endoscopic disease activity was described using the standard 
endoscopic Mayo score. Disease extent was also recorded. A"small 
number [<5] endoscopists performed the procedures in the valid-
ation cohort, all of whom were experienced in the assessment of 
IBD patients. Biochemical and haematological data, including 

Table 1. DUBLIN score, calculated as a product of the Mayo 
endoscopic score [Mayo 0Ð3] and the proximal extent of disease 
[E1!=!proctosigmoid; E2 !=!distal to splenic ßexure; E3 !=!proximal 
to splenic ßexure].

Extent 1 Extent 2 Extent 3

Mayo 0 0 0 0
Mayo 1 1 2 3
Mayo 2 2 4 6
Mayo 3 3 6 9

1366 C. R.!Rowan et !al.
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subsequently found to have UC based on initial colonos-
copy and clinical evaluation were available for study.
Patients ranged in age from 3 to 17 years (mean: 12
years and median: 13 years) and included 18 males and
18 females (1:1 ratio). A majority of patients had positive
nutrition scores for weight (32 of 36, or 89%) and for
height (31 of 36, or 86%). Precolonoscopic and pretreat-
ment complete blood count values showed elevated white
blood cell count, low hematocrit, and elevated platelet
counts in 14 of 31 patients (45%) each and low mean
corpuscular hemoglobin (MCV) in 7 of 31 patients
(23%). Serum albumin values pretreatment were
decreased for age in 19 of 32 patients (59%). Among
the 31 patients with pretreatment serum C-reactive pro-
tein, 18 of 31 patients (58%) were elevated based on ref-
erence ranges for age. In the 29 patients with reported
pretreatment erythrocyte sedimentation rate values, 15 of
29 (52%) patients were elevated for age. Stool calprotec-
tin and lactoferrin data were reported in 15 and 3 patients,
respectively; 14 of 15 patients (93%) had abnormal (12)
or borderline abnormal (2) quantitative calprotectin
values, and 2 of 3 tested patients had abnormal lactofer-
rin values (one qualitative and one quantitative abnormal
value reported).

At initial colonoscopy, a majority (31 of 36, or 86%)
of patients had biopsies taken at both the distal colon and
rectum; 2 (2 of 36, or 6%) patients had 3 biopsies corres-
ponding to these locations and 3 (3 of 36, or 8%) patients
had a single relevant biopsy site. Representative endo-
scopic images are shown in Figure 1.

Mean histologic scores for each histologic parameter
defined by Geboes for the single biopsy per patient with
the highest Mayo score (or rectum in cases of one

relevant biopsy or in cases in which more than one site
had the same Mayo score) were as follows (n! 36): archi-
tecture, 1.6 of 3.0; chronic inflammatory infiltrate, 1.9 of
3.0; lamina propria neutrophilia, 1.3 of 3.0; lamina pro-
pria eosinophilia, 0.7 of 3.0; neutrophils in epithelium, 1.9
of 3.0; crypt destruction, 1.5 of 3.0; and erosion/ulcer-
ation, 1.2 of 4.0. The average Mayo score was 2.2 of
3.0. Representative photomicrographs of each observed
histologic score are shown in Figure 1.

The relationship between each endoscopic (Mayo)
score and individual histologic features is depicted in
Figure 2. SpearmanÕs coefficients calculated based on
the averaged and histologic scores at the endoscopically
most involved site ranged from 0.14 (lamina propria
eosinophilia) to 0.48 (lamina propria neutrophilia).
Interobserver agreement for histologic scores, calculated
on all scored biopsies (n! 71), was fair to moderate by
weighted kappa statistic (Figure 2) as follows: structural
(architectural) change, 0.33; chronic inflammatory infil-
trate, 0.59; lamina propria neutrophilia, 0.48; lamina pro-
pria eosinophilia, 0.41; neutrophils in epithelium, 0.52;
crypt destruction, 0.31; and erosion or ulceration, 0.28.

Discussion

Histologic remission, or robust mucosal healing not cap-
tured by endoscopic observation alone, has been recog-
nized as an important therapeutic end point in adult
inflammatory bowel disease.3 The optimal definition of
mucosal healing by histologic and endoscopic features
remains undefined,2,13 but the concept has become
increasingly used in clinical trials and practice as a goal
of therapy. Therefore, the reproducibility of endoscopic

Figure 1. Representative photomicrographs of each observed endoscopic (Mayo) and histologic (Geboes) score. Arch. indicates
architectural. Mayo scores range from 0 to 3. Geboes scores range from 0 to 3 for each histologic parameter except ÔÔerosion and
ulceration,ÕÕ which ranges from 0 to 4.

Kovach et al. 3



Geboes

3.4. Evaluation of histological parameters
3.4.1. Basal plasmacytosis
Basal plasmacytosis [grade 1 of the SGS] was observed in the biop-
sies of 222/339 [65%] colonoscopies. In 90 [26%] cases the BP was 
focal and in 132 [39%] was multifocal.

The analysis of association between the presence of BP and the 
Mayo Endoscopic Subscore showed that BP was present in only 
3/40 [8%] cases of inactive disease [Mayo!0], in 35/74 [47%] cases 
of mildly active disease [Mayo!1] and in 184/225 [82%] cases of 
moderate-severely active disease [Mayo 2 and!3]. Two of the three 
cases with Mayo 0 and presence of BP presented an endoscopic 
relapse during the following 12!months. Among the patients with 
Mayo 1 and presence of BP, relapse was documented in 13/35 

[37%], whereas patients with Mayo 1 without BP relapsed in 9/39 
cases [23%] [p!=!0.19]. See results of correlation in Table!5 [cor-
relation coef" cient Kendall ��: 0.4, p-value < 0.001].

The presence of BP also showed an association with active micro-
scopic disease. BP was absent [0/45 patients] in those cases with no 
neutrophils in crypts or no epithelial damage [grade < 3.1] whereas 
BP was present in 222/294 patients [76%] when severe in#amma-
tion was observed [grade $ 3.1] [p!<!0.001].

3.4.2. Neutrophils and epithelial!injury
Neutrophils in lamina propria were observed in 294/339 cases 
[86.7%], neutrophils in epithelium in 292/339 [86.1%] and epithe -
lial injury in 285/339 [84.1%].

Conversions

Conversions

3

321

9 Mayo
0

Mayo
1

Mayo
2

Mayo
3

Total

Mayo
0

Mayo
1

Mayo
2

Mayo
3

Total

Grade 0:
Arquitectural
changes

0.0: no abnormality

1.1: mild but unequivocal increase

Includes Grade 0&1 from Geboes Score
without basal plasmacytosis

2B.1: mild but unequivocal increase

1.2: moderate increase

2B.2: moderate increase

1.3: marked increase

3.1: <5% crypts involved

4.1: probable-local excess of neutrophils in
part of crypts

5.1: recovering epithelium + adjacent
in! ammation
5.2: probable erosionÐfocally stripped
5.3: unequivocal erosions
5.4: ulcer or granulation tissue

2B.1: mild increase

4.1: marked attenuation
4.2: probable erosions
4.3: unequivocal crypt destructionÐ
unequivocal erosions
4.4: ulcer or granulation tissue

Total

3.1: <50% crypts involved

3.2: >50% crypts involved

1.1: mild increase

2B.2: moderate increase

1.2: marked increase

4.2: probable-marked attenuation
4.3: unequivocal crypt destruction

3.2: <50% crypts involved
3.3: >50% crypts involved

2B.3: marked increase

0.1: mild abnormality
0.2: mild/moderate diffuse/multifocal
abnormalities

9

0

0

9
0

0

0 0 0 0 0

0 1 1 0 2

0 0 1 0 1
0 1 1 0 2

5

1

25

23

33

34
30100

1 1 1 21

21

28
46

86
86

24

30

0 0 0 0 0

00

0 2

00

0

0

1

0

0

0
3

3

1

40 74 107 118 339

1 1 21 24

0 0

2
24

74 73

22 68

190

0

0

0

3

0 0 0 0

7131

1
19

40

2

1

12 2 1 45

84

0000

0 0 0 0
000

1 20

1 3 71

0
0

0

0
2

0
1

0 0 0 0

0 0 0 0
6 2 1 18

0

0

0

0

0

0

0

0

12
3
3

0
0 0

0 12
15

0.3: severe diffuse or multifocal abnormalities

Grade 0

Grade 1:
Chronic
in! amation
in" ltr ate

Grade 1:
Basal
plasmacytosis

Grade 2B:
Neutrophils in
lamina propria

Grade 2:
Neutrophils in
lamina propria

Grade 3:
Neutrophils in
epithelium

Grade 3:
Neutrophils in
epithelium

Grade 4:
Crypt
destruction

Grade 4:
Epithelial
injury

Grade 5:
Erosions and
ulcerations

ORIGIN AL GEBOES SCORE/MAYO ENDOSCOPIC SUBSCORE

SIMPLIFIED GEBOES SCORE/MAYO ENDOSCOPIC SUBSCORE

Figure ! 2. Comparison of endoscopic and both histological scores. In order to perform comparisons between the Mayo Endoscopic Subscore and both 

histological scores, it was necessary to create conversions of both histological scores. They were converted to a 4-tiered grading system: grade 0 was created 

for deÞning normal bowel tissue or inactive colitis; grade 1 corresponded with mild disease; grade 2 with moderate disease; and grade 3 with severe disease. 

At the left of the table, the performed conversions are represented in four different colours. Two different conversions from the Original Geboes Score were 

constructed based on the results of a previous study [conversions 3 and 9 showed the best results in this study]. 11 Three possible conversions were tested for 

the SimpliÞed Geboes Score, combining grade 1 and 2 [conversion !1], grade 2 and 3 [conversion !2], and grade 3 and 4 [conversion !3] of SGS. At the right of the 

table, a straightforward comparison between both histological scores and the Mayo Endoscopic Subscore is represented.

310 A. Jauregui-Amezaga et !al.
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Riley
Subcomponents Score!

Acute inflammatory cell infiltrate (PMNs in lamina propria) 0-3

Crypt abscesses 0-3

Mucin depletion 0-3

Chronic inflammatory cell infiltrate (round cells in lamina propria) 0-3

Surface epithelial integrity 0-3

Crypt architectural irregularities 0-3

! !"#"$%$&'"("#")*+,'"-"#")%,&./0&'"1#"2&3&.&

Osterman et al. Inflamm Bowel Dis. 2021 Jan 19;27(2):207-214.
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Endoscopic and Histological Assessment, Correla2on, and Relapse in Clinically
Quiescent Ulcera2ve Coli2s

n=100 felnőd, dysplasia szűrés, remisszió

MES, UCEIS, UCCIS

endoszkópos score, szövedan, ak2vitás közöd korreláció alacsony

relapszus előrejelzésre mérsékelt hatás

Osterman et al. Inflamm Bowel Dis. 2021 Jan 19;27(2):207-214.
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Figure 4. 
Distribution of PUCAI scores by Grades of Acute and Chronic Histologic Inflammation
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Figure 3. 
Distribution of Mayo endoscopy sub-scores by Grades of Acute and Chronic Inflammation
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The comparative performance of biomarkers to identify EH and
HR is summarized in Supplementary Figure 5 (see Supplemen-
tary Digital Content 1, http://links.lww.com/AJG/C153).

Although rectosigmoid endoscopy scores performed well at
distinguishing active vs inactive disease (including throughout
the colon), pancolonic endoscopy scores were superior for dis-
tinguishing degrees of active disease (mild vs moderate; moderate
vs severe), whether de! ned endoscopically or histologically (see
Supplementary Tables 5 and 6, Supplementary Digital Content 2,
http://links.lww.com/AJG/C154).
Optimal UCEIS cuto! s.Using serial ROCs, we found the optimal
pancolonic UCEIS cuto" s for mild, moderate, and severe pan-
colonic GES to be: noneÑ pancolonic UCEIS 0 to, 1, mildÑ
pancolonic UCEIS 1 to, 2, moderateÑ pancolonic UCEIS 2 to
, 4, and severeÑ pancolonic UCEIS$ 4. Supplementary Figure 6
(see Supplementary Digital Content 1, http://links.lww.com/

AJG/C153) depicts the stepwise increase in histologic and clinical
activity in relation to these UCEIS categories.

In the same manner, we identi! ed the optimal rectosigmoid
UCEIS cuto" s for mild, moderate, and severe disease to be:
noneÑ rectosigmoid UCEIS 0, mildÑ rectosigmoid UCEIS 1Ð2,
moderateÑ rectosigmoid UCEIS 3Ð4, and severeÑ rectosigmoid
UCEIS 5Ð8. Supplementary Figure 7 (see Supplementary Digital
Content 1, http://links.lww.com/AJG/C153) illustrates rec-
tosigmoid histologic activity, PUCAI, and FC in relation to these
rectosigmoid UCEIS categories.

Validity assessment of histologic indices in pediatric UC
The RHI and NI correlate moderately to strongly with endos-
copy, clinical activity, and FC.Supplementary Tables 7 and 8
(see Supplementary Digital Content 2, http://links.lww.com/
AJG/C154) and Figure 2 present Spearman correlations between

Figure 1.Spearman correlations between UCEIS/MES and other activity markers. FC, fecal calprotectin; GES, global endoscopic severity; Hb, hemoglobin;
MES, Mayo Endoscopy Score; PUCAI, Pediatric Ulcerative Colitis Activity Index; RHI, Robarts Histopathology Index; UCEIS, Ulcerative Colitis Endoscopic
Index of Severity; VAS, visual analog scale.

Table 4. Accuracy of the UCEIS and MES to identify histologic remission

Endoscopy scores

Rectosigmoid HR Pancolonic HR

AUC (95% CI) Optimal cutoff, SN, SP Cutoff 0, SN, SP AUC (95% CI) Optimal cutoff, SN, SP Cutoff 0, SN, SP

Rectosigmoid UCEIS 0.98 (0.96Ð0.99) 2, 97%, 90% 0, 62%, 98% 0.95 (0.92Ð0.97) 2, 96%, 83% 0, 71%, 95%

Pancolonic UCEIS 0.96 (0.94Ð0.98) 1.2, 98%, 88% 0, 69%, 96%

Rectosigmoid MES 0.97 (0.95Ð0.99) 1, 98%, 90% 0, 64%, 98% 0.95 (0.93Ð0.98) 1, 98%, 88% 0, 71%, 95%

Pancolonic MES 0.96 (0.94Ð0.98) 0.6, 94%, 87% 0, 69%, 96%

AUC, area under the receiver operator characteristic curve; CI, confidence interval; HR, histologic remission (Robarts Histopathology Index# 3 without neutrophils); MES,
Mayo Endoscopy Score; SN, sensitivity; SP, specificity; UCEIS, Ulcerative Colitis Endoscopic Index of Severity.
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Módosíto6 Riley score: grade 3,
Geboes score: grade 5.3,
Nancy score: 3.
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