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ABSTRACT
Histological remission is evolving as an important
treatment target in UC. We aimed to develop a
simple histological index, aligned to endoscopy,
correlated with clinical outcomes, and suited to apply
to an artificial intelligence (AI) system to evaluate
inflammatory activity.
Methods Using a set of 614 biopsies from 307
patients with UC enrolled into a prospective
multicentre study, we developed the Paddington
International virtual ChromoendoScopy ScOre
(PICaSSO) Histologic Remission Index (PHRI).
Agreement with multiple other histological indices
and validation for inter-reader reproducibility were
assessed. Finally, to implement PHRI into a computer-
aided diagnosis system, we trained and tested a novel
deep learning strategy based on a CNN architecture to
detect neutrophils, calculate PHRI and identify active
from quiescent UC using a subset of 138 biopsies.
Results PHRI is strongly correlated with endoscopic
scores (Mayo Endoscopic Score and UC Endoscopic
Index of Severity and PICaSSO) and with clinical
outcomes (hospitalisation, colectomy and initiation
or changes in medical therapy due to UC flare-up).
A PHRI score of 1 could accurately stratify patients’
risk of adverse outcomes (hospitalisation, colectomy
and treatment optimisation due to flare-up) within
12 months. Our inter-reader agreement was high
(intraclass correlation 0.84). Our preliminary AI
algorithm differentiated active from quiescent UC with
78% sensitivity, 91.7% specificity and 86% accuracy.
Conclusions PHRI is a simple histological index
in UC, and it exhibits the highest correlation with
endoscopic activity and clinical outcomes. A PHRI-
based AI system was accurate in predicting histological
remission.

Significance of this study
► We developed a new simple histological

index for UC, Paddington International virtual
ChromoendoScopy ScOre Histogic Remission
Index (PHRI), which could be successfully
implemented into an artificial intelligence (AI)
model to detect histological remission.

What is already known on this subject?

► Histological activity in UC is associated with poor

outcomes and histological remission has been
proposed as a treatment target in UC.
► Multiple histological indices have been developed
to define disease activity, however they have not
been widely adopted in clinical practice due to their
complexity.
► Machine learning models are powerful tools that
can complement and support pathologists in their
histopathological evaluation.
What are the new findings?

► PHRI is a new score based simply on the presence

or absence of neutrophils (yes/no) and it provides
excellent diagnostic accuracy, the strongest
correlation to endoscopic activity among several
histological scores, minimal inter-rater variability
and excellent prediction of long-term clinical
outcome.
► An AI algorithm based on PHRI was able to
accurately determine histological remission.
INTRODUCTION

Histological assessment plays a critical role in determining inflammatory activity and monitoring treatment response in UC. Histological remission (HR)
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PICaSSO Histologic Remission Index (PHRI) in ulcerative
colitis: development of a novel simplified histological
score for monitoring mucosal healing and predicting
clinical outcomes and its applicability in an artificial
intelligence system

Inflammatory bowel disease
Significance of this study

(also referred as histological healing) is an emerging treatment
target and is an important outcome in UC clinical trials due to its
association with favourable outcomes.1–10 However, challenges
remain on how to incorporate histology into clinical practice
mainly due to: (1) the lack of a universal definition of HR to
guide pathologists and (2) the lack of a sensitive, easily applicable histological score/index. Ideally, this index would be: (a)
informative of and correlated with endoscopic assessment of
disease activity, (b) representative of recovery/healing status of
damaged mucosa and (c) predictive of disease outcomes.
The histopathological characteristics of UC are those of
a chronic active colitis with a relapsing and remitting course,
and consist of three fundamental components: (1) active
inflammation (‘activity’), which is the neutrophil infiltration in
cryptal epithelium as well as in the lamina propria; (2) chronic
inflammation, characterised by expansion of mononuclear cell
(lymphocyte and plasma cell) infiltrates in the lamina propria,
often accompanied by basal plasmacytosis and eosinophilia and
(3) cryptal architecture/structure distortion (‘chronicity’), characterised by irregularity and variation of crypts in size, shape,
orientation and intercryptal distance, which is the result of
mixed repetitive injury and regeneration of crypts.
Over the past decades, >30 histological scores have been
developed, although their adoption in clinical practice remains
modest.11 12 Similarly, different definitions and criteria of HR have
been proposed, ranging from ‘elimination of mucosal ulceration/
erosion’ to ‘complete histological normalisation’.1 3 13–18 Almost
all investigators now agree that the absence of neutrophilic infiltration (‘neutrophil-free’ mucosa) is the key to a HR definition
due to its association with favourable clinical outcomes.2 4 5 19–22
Indeed, two independent international expert panels recently
recommended to define HR as the absence of neutrophil infiltration (ie, elimination of histological activity).22 23
With the advent of digital pathology, artificial intelligence
(AI) algorithms are increasingly employed into histopathological evaluation and diagnosis, as seen in many imaging-focused
fields in medicine. For example, it is being widely introduced
in oncopathology using convolutional neural network (CNN)-
based learning.24 But, thus far, to the best of our knowledge,
no computer-aided diagnosis (CAD) system has been developed
to perform histological scoring and assess HR in UC. Part of
the reason is that the complexity and mixed subjectivity of the
existing histological scores makes it difficult to build and train
deep learning algorithm, supervised and unsupervised.
Recently, we conducted a prospective international multicentre study to develop the Paddington International virtual
ChromoendoScopy ScOre (PICaSSO) endoscopic score,25–27
a new tool for assessing endoscopic activity and remission in
patients with UC by using high-definition virtual electronic chromoendoscopy (HD-VCE). The PICaSSO endoscopic score had
better correlation than Mayo Endoscopic Score (MES) and UC
Endoscopic Index of Severity (UCEIS) with multiple histological
2

PATIENTS AND METHODS
Study population, endoscopic evaluation and clinical followup

A total of 307 patients with UC were prospectively enrolled
from 11 centres in Europe and North America into the international multicentre PICaSSO study. The protocol for endoscopic and histological evaluation have been described in details
in a previous publication.27 Briefly, each patient underwent
white light HD colonoscopy to determine MES and UCEIS,28 29
followed by VCE (iSCAN, Pentax, Japan) to determine PICaSSO
score, which comprises mucosal and vascular subscores
(PICaSSO Mucosal Score (PMS) and PICaSSO Vascular Score
(PVS)).25 27 In the same areas of rectum and sigmoid assessed
and video recorded on endoscopy, at least two targeted mucosal
biopsies were taken resulting in a total of 614 biopsies for histopathological analysis. Targeted biopsies were taken from the
most inflamed area or showing the most representative features
of endoscopic remission (ER) determined by PICaSSO.26 All
patients were then followed up for at least 12 months with
regular clinic visits to document the following prespecified
adverse clinical outcomes: (1) hospitalisation as a result of UC
relapse, (2) colectomy and (3) initiation or changes in medical
therapy for UC flare-up including steroids, immunosuppressants
and biologics (after excluding adverse effects, immunogenicity
or low drug levels).

Phase I: deep histological analyses and histologicalendoscopic-clinical outcome correlations

The H&E-stained glass slides of colorectal biopsies were scanned
at 40× (0.25 μm per pixel) using Aperio Digital Pathology Scanning system (Leica Biosystem, Illinois, USA). The HD digitised
slides were centrally hosted and read by a group of 6 GI pathologists (XG, MV, VV, DZ, GdH, ESR) experienced in IBD who
were blinded to the endoscopic data. For each biopsy from each
segment, the worst features were scored applying five different
histological scoring schemes—Geboes Score (GS),30 Robarts
Histological Index (RHI),31 Nancy Histological Index (NHI),32
extent, chronicity, activity and plus (ECAP) score33 34 and Villanacci Simplified Score (VSS).35 The average values of each score
Gui X, et al. Gut 2022;0:1–10. doi:10.1136/gutjnl-2021-326376
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How might it impact on clinical practice in the foreseeable
future?
► PHRI can help standardise histological assessment of UC in a
most practical and easy way.
► A machine learning model based on PHRI can further
facilitate the histological reading and improve diagnostic
performance.

scores.27 The current study is distinct, and a step further, from
all our previous published studies on PICaSSO endoscopic score,
as it focuses on creating a new UC histological score that can be
used quickly and easily by histopathologists in clinical practice,
as well as in trials, and can be incorporated into an AI algorithm. Using the PICaSSO project as a platform, in the present
study we meticulously analysed the mucosal biopsies taken from
the same colonic areas assessed endoscopically, with a focus on
identifying the specific histopathological component(s) associated with histological-endoscopic correlation and with the risk
of adverse clinical outcomes. Ultimately, we aimed to develop
a simplified and novel histological score that could accurately
reflect microscopic mucosal inflammation and healing, predict
clinical outcome, respond to therapy and be readily implementable into a machine learning algorithm and thus easily
adopted into clinical practice and trials. Creating a simplified
histological score, PHRI, that is an objective histological instrument was the main aim, as current use of histological scores in
clinical practice is limited. The primary aim of PHRI was to
only’ histological evaluation that
create a simple ‘neutrophil-
predicted specified clinical outcomes. An additional purpose was
that an ideal histological index should go beyond the limit of
endoscopic evaluation.

Inflammatory bowel disease
Table 1

PICaSSO Histologic Remission Index (PHRI)
Score

Neutrophil infiltration in lamina propria
Absent (no)

0

Present (yes)

1

Neutrophil infiltration in epithelium
Absent (no)

0

Present (yes)
 Surface epithelium*

1

 Cryptal epithelium (cryptitis)

1

 Crypt abscess

1

Total score=sum of all above (maximum 4)*
Criteria for the scoring histological components: (1) ‘neutrophil infiltration’ (in either lamina propria or
epithelium): any number (even only one) of neutrophil(s) is acceptable. (Evaluation under high power
view at 40× is required if ‘absence of neutrophil’ is determined. Neutrophil in the lamina propria must
be outside of capillary lumina.); (2) ‘crypt abscess’: cryptitis with any number of neutrophils or any
amount of neutrophilic exudate overflowing into cryptal lumen AND any degree of cryptal epithelial
cell injury.
*If a biopsy has no intact surface epithelium but shows features of erosion/ulceration (eg, granulation
tissue and/or inflammatory exudates), also score 1.
†When there are multiple biopsies from different segments of bowel, the maximum/highest/worst score
(PHRI_max) among all biopsy sites will be the preferred ‘global score’.

and subscore for both rectum and sigmoid were also separately
analysed.
The endoscopic-
histological correlation was analysed in
multiple steps in order to identify the histopathological features/
components that specifically corresponded to the different endoscopic features/patterns of disease activity and remission, as well
as predicted the risk of specified clinical outcomes at follow-up.

Phase II: development and assessment of PICaSSO Histologic
Remission Index

Based on a solid conclusion from our multistep and comprehensive histological-
endoscopic-
clinical outcome correlation
analyses in the phase I study and following a modified Delphi
roundtable discussion between the expert pathologists, the presence of neutrophil infiltration was identified as the key element
in UC histopathology that determines the disease activity,
mucosal healing and clinical outcome. Subsequently, a novel
simplified histological scoring scheme, PICaSSO Histologic
Remission Index (PHRI), was proposed, as detailed in table 1.
This index takes into account solely the neutrophil infiltration
in both epithelium and lamina propria, as illustrated in online
supplemental figure 1. Ulcer and erosion were not included
because the histological features of ulcers and/or erosions may
not always been apparent in the biopsies due to sampling variation. We standardised particularly the criteria of ‘cryptitis’ (any
number of neutrophils infiltrating the epithelium of any number
of crypt/gland) and ‘crypt abscess’ (cryptitis with any number of
neutrophils overflowing into cryptal lumina and any degree of
cryptal epithelial cell injury), given that a clear and standardised
histological criteria of cryptitis and crypt abscess are still lacking.
The pathologists also completed a standardised training module
representative of several histological pictures displaying all the
histological features before scoring the slides.
The new PHRI was then used to re-analyse the aforementioned histological-endoscopic correlations, to compare it with
the other five histological indices, and its prediction of clinical
outcome at 12 months follow-up. We also explored the additional prognostic benefit of PHRI in further stratifying the risk
of disease relapse in patients who were already in ER defined by
MES of 0. The PHRI scores of rectum and sigmoid were considered individually as well as combined in the total score (PHRI_
total, ie, the sum of PHRI scores of both rectum and sigmoid)
Gui X, et al. Gut 2022;0:1–10. doi:10.1136/gutjnl-2021-326376

Phase III: validation of PHRI

To validate PHRI, the same pathologists assessed 50 digital
slides (about half quiescent and half active UC) and scored PHRI
and the other five selected indexes. The validation cases were
randomly selected and relabelled by a non-pathologist investigator from the same study group. The pathologists were blinded
to clinical and endoscopic information and performed the histological scoring independently.

Phase IV: development of AI algorithm

In this exploratory study we included 138 biopsies, randomly
selected from the study collection, that were representative
of different grades of inflammation from the 614 collected in
the whole study. We developed a CNN classifier to detect the
neutrophils in whole slide images (WSIs) and classify them
remission based on
into either histological remission or non-
the presence of neutrophils. The detailed design of the CNN is
reported in the AI online supplemental appendix. Briefly, a first
model identified patches (areas of the WSI) containing neutrophils, while a second model, using a multiple instance learning
approach, combined the features of each patch in the slide into a
final dichotomous result (presence or absence of active disease)
following the PHRI (figure 1).

Statistics

Statistical Software R (R Core Team, https://www.R-project.
org/) was used. The strength of the correlation of continuous
and categorical variables was measured with Spearman’s (ρ)
correlation coefficient. Coefficients of 0.8–1.0 were considered
as ‘very strong’, 0.6–0.79 as ‘strong’, 0.4–0.59 as ‘moderate’ and
0.2–0.39 as ‘weak’. Spearman’s correlations were compared by
drawing 100 bootstrap samples for each pair of variables and
computing the corresponding quantiles. Wilcoxon and Fisher’s exact tests were used to determine the differences between
continuous and binary distributions, respectively. For area
under the receiver operating characteristic curve analysis, we
used R-
package pROC (https://CRAN.R-project.org/package=
pROC). Predictive modelling was performed by R-
package
(https://CRAN.R-project.org/package=CARRoT).
CARRoT
Details are reported in the statistical online supplemental
appendix.
The Cox proportional hazard model was used to calculate
the probability of survival without specified clinical outcomes
for different cut-offs of PHRI. The difference between groups
of patients was assessed by HR test and survival analysis implemented via R-
package survival (https://CRAN.R-project.org/
package=survival).
To assess the inter-rater agreement of the histological scorings, we used one-way intraclass correlation (ICC) coefficient by
means of R package irr (http://cran.r-project.org/package=irr).
In order to test the hypothesis of the ICC being >0.5 against
the alternative, we needed a minimum of 40 histology images to
reach the power of 0.8 with a type I error of 0.05.36 According
to Landis and Koch benchmarks,37 ICC of <0.2, 0.2 to 0.4,
>0.4 to ≤0.6, >0.6 to 0.8 and >0.8 was considered ‘poor’,
‘fair’, ‘moderate’, ‘good’, ‘substantial’ and ‘almost perfect’,
respectively. Results of all statistical tests were considered significant at p<0.05. Statistical power was computed in the PICaSSO
3
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Histological finding

or the maximum score (PHRI_max, ie, the higher score between
rectum and sigmoid). The latter, PHRI_max, was chosen. If not
otherwise specified, the term PHRI refers to the highest score in
the examined areas, PHRI_max.

Inflammatory bowel disease

endoscopic and histological study recently published27 based on
correlation of PICaSSO endoscopic score and histological scores
compared with standard MES and also on specified clinical
outcome rates and a sample size of 302 was determined.
The diagnostic performance of the AI CAD for the detection
of active UC was reported as sensitivity (SE), specificity (SP),
positive predictive value (PPV), negative predictive value (NPV)
and accuracy (ACC).

RESULTS

Six hundred fourteen biopsies from 307 patients with UC were
analysed. One hundred sixty-
eight (54.7%) patients were in
ER as defined by MES 0, while the others had endoscopically
active disease at the time of study. None of the patients was
on topical therapy or had Montreal E1 disease. Two hundred
seventy (88%) patients completed follow-up for 12 months. The
detailed demographic data of the study subjects are shown in
table 2.

Phase I: neutrophils as the key determinant in histologicalendoscopic-clinical correlation

All five histological indices (VSS, RHI, NHI, GS and ECAP)
correlated strongly with all of the endoscopic scores in the
same regions of bowel (rectum and sigmoid colon) (Spearman’s
ρ=0.55–0.78), as illustrated by the heatmaps (figure 2). All
histological indices also showed a weak to moderate correlation
with the prespecified adverse clinical outcomes at 12 months
(ρ=0.34–0.42) (figure 2).
Looking further into the correlations between the various
histopathological components (online supplemental table 1)
4

and endoscopic scores (represented by the mucosal and vascular
subscores of PICaSSO score), the neutrophil infiltration in the
lamina propria and in epithelium, especially that in lamina
propria and the combination of both, generally showed the
strongest correlation (ρ=0.60–0.76), as compared with the
other histological features that also showed correlation to some
degree (moderate to strong, ρ=0.43–0.64) (p<0.05) (figure 3).
Similarly, neutrophil infiltration also showed a stronger correlation, although overall weak/moderate (ρ=0.40–0.45), with clinical outcomes at 12 months compared with other histological
features (ρ=0.24–0.37) (p<0.05) (figure 3).

Phase II: PHRI for histological-endoscopic and clinical
outcome correlations
PHRI correlated best with endoscopic disease activity

PHRI correlated strongly with the endoscopic scores, and the
strength of its correlation was the best among all the histological
indices (p<0.05) (figure 2).

Correlation of PHRI with specified clinical outcomes and relapse risk

For the entire cohort, the PHRI showed a similar moderate
correlation with the specified adverse clinical outcomes at 12
months (ρ values around 0.4). Additionally, the average PHRI
scores were significantly higher in those who had specified
adverse clinical outcomes at 12 months than in those with no
events (online supplemental table 2, online supplemental figure
4).
Furthermore, we performed a multivariable logistic regressions to explore whether other histological features (chronic
Gui X, et al. Gut 2022;0:1–10. doi:10.1136/gutjnl-2021-326376
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Figure 1 Framework of the proposed deep learning approach. The framework is composed of two models with different but related tasks. The
first model predicts patches with neutrophils using a pretrained architecture in histological images. The second model uses the feature extractor and
the feature refinement used by the first model to the prediction of UC at the patient level. GAP, global average pooling; SE, squeeze and excitation
(feature refinement).
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Table 2

Demographic data of study subjects
Number of patients,
mean±SD, or n (%)

Total patients

307

Age (years)

48.4±14.8

Gender
 Male

182 (59.3%)

 Female

125 (40.7%)

Extent of disease
 Proctitis
 Left-sided

130 (42.3%)

 Subtotal or total

172 (56.0%)

 Unknown
Disease duration (years)

5 (1.6%)
15±10.8

Endoscopic activity
Mayo endoscopic score (MES)
 0 (remission)

168 (54.7%)

 1

47 (15.3%)

 2

56 (18.2%)

 3

31 (10.1%)

 Missing data*

5 (1.6%)

UCEIS—rectum
 Remission (1)

209 (68.1%)

 Mild (2–4)

62 (20.2%)

 Moderate (5–7)

33 (10.7%)

 Severe (>7)

1 (0.3%)

 Missing data*

2 (0.7%)

PICaSSO score—rectum
 Remission (≤3)†
 Active (>3)†
 Missing data*

220 (71.7%)
85 (27.7%)
2 (0.6%)

Medical treatments in last 12 months
 No treatment
 5-Aminosalicylic acid
 Corticosteroids
 Immunomodulators
 Biologics

14 (4.6%)
234 (76.2%)
74 (24.1%)
68 (22.1%)
118 (38.4%)

*Missing data due to solid stool present precluding the endoscopic scoring of these
segments. These patients were not included in the overall analysis.
†Please refer to our other publication.26
PICaSSO, Paddington International virtual ChromoendoScopy ScOre; UCEIS, UC
Endoscopic Index of Severity.

inflammation, basal plasmacytosis and eosinophilia) could
improve PHRI prediction of specified clinical outcomes. We
found that the addition of none of these histological features
further improved PHRI prognostic outcome ability (figure 4).
Patients with PHRI >0 compared with those with PHRI=0
had significantly more negative clinical events (outcomes) at 12
months (48.65% (54/111) vs 13.91% (21/151), p<0.00001), as
shown in online supplemental figure 4C. In addition, analysis
by receiver operating characteristic (ROC) curve, as shown in
online supplemental table 3A, the best cut-off values of PHRI
for predicting the specified clinical outcomes at 12 months in the
entire cohort was 1 (≤1 vs >1).

Cox proportional hazards curves of PHRI in predicting
specified clinical outcome

We then further analysed with the Cox proportional hazards
curves by using value 0 or 1 as the cut-off score of PHRI (or
individual PHRI of rectum or sigmoid), the patients’ event rates
Gui X, et al. Gut 2022;0:1–10. doi:10.1136/gutjnl-2021-326376

Subgroup analysis of patients with only endoscopic remission

When we singled out the patients who were in ER as defined
by MES 0, the histological-endoscopic-clinical outcome correlations became weak in all aspects. In the phase I of the study, for
this particular subpopulation of patients, of whom only a few
had residual mild neutrophil infiltration in colorectal biopsies
(5.7% with neutrophils in lamina propria and 5.4% in epithelium), the correlations between histological and endoscopic
scores (represented by PICaSSO mucosal score and PICaSSO
vascular score) (ρ<0.30) and between histological scores and
specified clinical outcome (indicative of relapse in this particular
patient population) both became weak or near zero (ρ=0–0.12)
(online supplemental figure 2). Nevertheless, neutrophil infiltration was the single histological feature that remained correlated,
although weakly (slightly over 0.1) (online supplemental figure
3).
In the phase II of the study, in patients in ER (MES 0), of
which only 10.9% had PHRI >0 (presence of neutrophilic infiltration) and 89.1% had PHRI of 0 (no neutrophilic infiltration),
the correlation between PHRI and endoscopic scores also turned
to be much weaker (ρ=0.24–0.36) (online supplemental table
4). However, PHRI still appeared generally superior to most of
the other histological indices (p<0.05), as represented by their
correlation with PICaSSO score and its mucosal and vascular
subscores (online supplemental figure 2). Moreover, the correlation between PHRI scores and prespecified clinical outcomes
was also very weak, but still performed better than the other
histological scores (p<0.05) (online supplemental figure 2 and
online supplemental table 4). Consistent with this, patients with
PHRI >0 seemed to have a higher disease relapse rate at 12
months, as compared with those with PHRI 0 (11.76% (2/17) vs
9.3% (12/129)), although the differences did not reach statistical
significance (p>0.05) (online supplemental figure 4D). Lastly,
the best cut-
off value of PHRI for predicting the relapse at
12 months in patients in ER seemed to be 1 (≤1 vs >1), although
further analysis with Cox proportional hazards curves failed to
satisfactorily stratify the patients’ relapse risk (figure 5C).

Phase III: validity and reliability of PHRI

The inter-
rater agreement among pathologists on all of the
histological scores was excellent, as reflected by ICCs: RHI 0.77
(95% CI 0.69 to 0.85), NHI 0.85 (95% CI 0.79 to 0.90), GS
0.82 (95% CI 0.75 to 0.88), ECAP 0.87 (95% CI 0.82 to 0.92),
VSS 0.77 (95% CI 0.71 to 0.86) and PHRI 0.84 (95% CI 0.78
to 0.90). The differences between the ICCs of each index were
not statistically significant. Overall, interobserver agreement for
PHRI was almost perfect, although not necessarily significantly
superior to the other histological indices. The breakdown of ICC
on each of the histological components of different histological
indices were also analysed. For any given histological score, we
had the best agreement on assessment for the neutrophil-related
parameters, as shown in online supplemental table 5.

Phase IV: convolutional neural network classifier able to
detect neutrophils

We divided our cohort in two sets, training and testing, with
similar patient characteristics to avoid overfitting our system and
ensuring its generalisability. Seventy per cent of the biopsies were
used to train the model and 30% to test it. To train the proposed
5
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Characteristics

of specified clinical outcomes during 12 months follow-up were
significantly stratified, as shown in figure 5A and B. The predictive power of PHRI in any form were almost the same.

Inflammatory bowel disease

models and optimise the hyperparameters involved, 15% of the
training set was used as validation. In the testing set, our CAD
to detect neutrophils had SE 0.71, SP 0.95, PPV 0.85, NPV 0.89
and accuracy 0.88, these results were in line with those of the
validation cohort (see table 3). Figure 6 shows the class activation maps to highlight the regions of interest at patch-level in
which the proposed model focused to predict the samples. The
highlighted regions match with the areas containing neutrophils.
For the histological remission prediction, the diagnostic performance, expressed as the same characteristics, was 0.78, 0.92,
0.88, 0.85 and 0.86, respectively (see table 3).

DISCUSSION

We developed a novel and simpler HR index for UC, the PHRI,
that correlates well with endoscopic disease activity and with
clinical outcomes and it can be easily implemented into a CNN
model. The development process of this histological index
differs from that of existing scores. PHRI was the result of a joint
collaboration between pathologists and endoscopists aiming to
develop a histological score aligned to the endoscopic score and

going beyond endoscopic evaluation.27 Our work has several
strengths. First, the histological study was part of a large international multicentre prospective study with the precise focus
on endoscopic-histological-clinical correlation. We included a
large number of matching biopsies taken immediately after and
exactly from the same areas where endoscopic assessment was
performed, rather than limiting the comparison to a patient-
level. Second, instead of including multiple diagnostic features as
in other histological indices, we limited the PHRI to one parameter only, neutrophil infiltration (active inflammation), the single
factor identified by multiple comparative analyses, to be most
relevant to both endoscopic features and clinical outcomes. Our
independent finding echoes the study by Pai et al21 and is consistent with a gathering consensus on the importance of neutrophils in the definition of disease activity and HR.
The most notable advantage of PHRI is its simplicity. PHRI
requires only identifying the presence or absence of infiltrating
neutrophils within the lamina propria and glandular epithelium,
in a straightforward dichotomous way of ‘yes or no’ (present
or absent). It also avoids the usual activity grading (eg, mild,

Figure 3 Correlation of histopathological components. Heatmaps showing the correlations of histopathological components with PICaSSO
endoscopic subscores and with the rates of 12-month adverse outcomes in all patients. Biopsies from the rectum (A) and the sigmoid (B) (0.8–1.0:
very strong correlation, 0.6–0.79: strong, 0.40–0.59: moderate, 0.2–0.39: weak) (*p<0.05 as compared with neutrophils in the lamina propria,
!p<0.05 as compared with and total neutrophils infiltration and #p<0.05 as compared with neutrophils in epithelium, with regard to the correlation
strength in the same category of correlation analysis) (neutrophils total: neutrophil infiltration in both lamina propria and epithelium). PICaSSO,
Paddington International virtual ChromoendoScopy ScOre.
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Figure 2 PICaSSO Histologic Remission Index (PHRI) correlation. Histological-endoscopic correlation demonstrated by heatmaps showing
Spearman’s correlation coefficients between different histological and endoscopic scores in the rectum (A) and in the sigmoid (B) and between
the endoscopic-histological scores and the specified clinical outcomes at 12 months (0.8–1.0: very strong correlation, 0.6–0.79: strong, 0.40–0.59:
moderate, 0.2–0.39: weak) (*p<0.05 as compared with PHRI with regard to the correlation strength in the same category of correlation analysis).
ECAP, extent, chronicity, activity and plus; PHRI, PICaSSO Histologic Remission Index; PICaSSO, Paddington International virtual ChromoendoScopy
ScOre; RHI, Robarts Histological Index; UCEIS, UC Endoscopic Index of Severity.
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moderate and severe) by arbitrary visual scale or estimate of
percentage values, which is somewhat subjective. As found by
other investigators and shown by our own inter-rater agreement
data, the assessment for neutrophils has always been the most
reproducible characteristic.38 39 Presence of ulceration/erosion,
often included in other indexes, was eliminated from PHRI as we
considered it a potential source of variability with little contribution to the score’s accuracy. Indeed erosions/ulcers might
not be visible on biopsy histology,22 the distinction between
the two is not always possible and, more importantly, patients
with erosions/ulcers inevitably have more extensive neutrophilic
infiltration anyway. Adopting this simplified ‘neutrophil-only’
approach, we expect that the histological readings would be
maximally objective and reproducible. The addition of other
histological components that also had some degree of impact
on endoscopic features and/or clinical outcomes did not add
significant benefit from a practical point of view and would have
instead complicated the development of the AI algorithm. We
feel that compared with the other currently available histological
scores, PHRI is the easiest to apply in daily practice as a universal
histological indicator and quantitative measurement (grading
tool) of disease activity in UC. table 1
Another advantage is that PHRI makes it easier to perform
histological scoring on multiple biopsies from different segments

of colon in patients with extensive colitis, to achieve an entire
assessment and generate a global (total, maximum, or average)
score per colon. This approach would appreciate the globality
and increase the overall accuracy of the histological assessment.
In our analysis, we found that the PHRI scores of rectum
and sigmoid were similar in terms of their correlation with
endoscopy and prediction of clinical outcome. In addition,
the highest score and the total score of PHRI (PHRI_max and
PHRI_total) had the same value of application and significance.
Therefore, it is our preference to set the global score as the
highest/worst score among all biopsies (PHRI_max) or simply
the score of the histologically worst biopsy only, considering
that the total number of biopsies being taken and the extent
of disease vary in different patients and different clinicians.
Finally, the successful 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 simplified 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

Figure 5 Cox proportional hazard curves of Paddington International virtual ChromoendoScopy ScOre Histogic Remission Index (PHRI) in stratifying
risk of specified clinical outcomes up to 12 months of follow-up. A and B for all patients, C for Mayo Endoscopic Score 0 patients. (A) Using PHRI=0
(blue) vs >0 (red). (B) Using PHRI ≤1 (blue) vs >1 (red). (C) 12 months of follow-up, using PHRI=0 (blue) vs >0 (red).
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Figure 4 Receiver operating characteristic (ROC) curve and Paddington International virtual ChromoendoScopy ScOre Histogic Remission Index
(PHRI) thresholds to predict specified clinical outcomes and histological remission (HR). AUROC, area under the receiver operating characteristic curve;
CI, chronic inflammation; Neu-LP, neutrophil infiltration in lamina propria; Neu-Epi, neutrophil infiltration in epithelium; PHRI_rec, PHRI scores of
rectum; PHRI_sig, PHRI scores of sigmoid.

Inflammatory bowel disease

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 0.8683
value

0.8810

0.8000

0.8750

Negative
predictive value

0.9017

0.8182

0.8462

0.9076

F1-score

0.8108

0.8409

0.7400

0.8235

Accuracy

0.8783

0.8952

0.8371

0.8600

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 histological 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
outcomes similar to other studies1 15 as symptoms do not relate
well to histology or endoscopy. Fourth, we have not yet tested
sufficiently the global score of PHRI throughout different
regions of the entire colon in patients with pan-colitis, although
we did include two sites (rectum and sigmoid) in the present
study which recruited a diverse cohort of patients. We recruited
patients as part of standard of care and this included flexible
sigmoidoscopy or colonoscopy. External validation in large
cohort in the context of specific clinical trials is necessary and
will be conducted as the next step. Lastly, some histological
interpretations were challenging and required further discussion
(details in histological appendix). An unsolved issue remains the
suboptimal performance of all the current histological indices
for patients who have reached ER where residual neutrophils
are lacking or scarce. In this particular patient population histological indices, including our new PHRI, lose correlation with
either endoscopic scores or with relapse rate. The predictive
power of PHRI in assessing the relapse risk in these patients was
also limited, although a biopsy finding of PHRI >0 in patients
who are otherwise in ER would still be of interest. By using a

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.
8

different histological scoring, Narula et al also failed to show the
significance of the impact of histological activity on the relapse
in this subpopulation of patients.50 The reasons for this shortfall
may be several. First, the small number of cases with histological but not endoscopic activity (only 10% had PHRI >0 in our
patients) underpowered the analysis. Second, the heterogeneous
distribution of residual inflammation in treated UC might have
generated an underestimation of disease activity. Third, the
recurrence of UC is not simply arising from the minimal residual
inflammation but is the result of the reactivation of dysregulated
mucosal immunological mechanisms.
Nonetheless, in our opinion, as compared with any of the
other histological indices, PHRI is the simplest one, while it is
also most objective and sensitive. Since a pathologist needs only
to identify neutrophils, which is a part of routine in reading
biopsy slides as clinical histopathological evaluation, one can
have the PHRI score immediately without making additional
effort and spending extra time. Thus, the PHRI score can also
be easily included into the pathology reports, which would be
something that infrequently happen at present. Therefore, we
believe that PHRI can be applied efficiently in clinical practice.
In conclusion, PHRI is a simple and reproducible histological index that correlates strongly with endoscopic activity and
predicts clinical outcomes in UC. It is therefore ideally suited
for adoption in clinical practice as well as for consideration in
clinical trials and central readouts if further validated to fulfil
requirements of US Food and Drugs Administration or European
Medicines Agency requirements. We suggest using a PHRI cut-
off of 0 to define HR, and a cut-off of 1 to stratify low vs high
risk of adverse outcomes. The dichotomous nature of PHRI (ie,
presence or absence of neutrophils) allowed the development of
machine learning algorithm with high diagnostic accuracy for
detection of the disease activity and HR in UC. Further studies
are ongoing to validate the deep learning-based computer-aided
classifier before it can be adopted in clinical practice.
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Supplementary Figure 1. Examples of active (neutrophilic) inflammation in IBD. A. Neutrophil
(within yellow circles) infiltration in surface epithelium (×600). B. Neutrophil (within yellow circles)
infiltration in cryptal epithelium (cryptitis) (×600) and in lamina propria. C. A single neutrophil
infiltration in cryptal epithelium (still called cryptitis) (×600). The single inflammatory cell (possibly
eosinophil) in the lumen here is not considered as crypt abscess. D. Cryptitis with groups of neutrophils
in the lumen, interpreted as a crypt abscess (×400), although with minimal cryptal epithelial cell
damage. E/F. Crypt abscess with cryptal epithelium destruction (×400).
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Appendices
Statistical appendix
Fisher Z- transformation to compare Pearson correlations between endoscopic scores and
between histological scores/features was performed using R-package cocor (http://CRAN.Rproject.org/package=cocor).
CARRoT statistical package combines principles of good practice from machine learning, such
as cross-validation and those in medical statistics, such as best subset regression restricted by
the rule of ten events per variable (“one in ten rule”).35 CARRoT has been previously
successfully used for outcome prediction in clinical studies,36,37 in order to facilitate the choice
of logistic regression model which leads to the best predictive power quantified as average
AUROC. Once the best model was chosen, the corresponding regression model was fit to the
whole dataset and the odds ratios (ORs) were computed.
Histological appendix
Some case were considered particularly challenging due to of ‘cryptitis’ and ‘crypt abscess’ on
some atypical microscopic appearances, for example, when only one neutrophil was present
within cryptal epithelium (for calling cryptitis), or only rare neutrophils were seen floating in
the lumen of a crypt while there were no neutrophils within cryptal epithelium or no or only
minimal damage of cryptal epithelium (as exampled in Supplementary Figure 5). Therefore, to
strictly adhere to the predetermined criteria in scoring all cases is important to the pathologists.
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Supplementary Figure 5

Artificial intelligence appendix
Two pathologists analysed the biopsies (75 remission, 63 with active disease) and annotated
the presence of neutrophils in the target regions (lamina propria, surface epithelium, cryptal
epithelium and cryptal lumen) using an in-house software. Whole-slide-images were then
down-sampled to 20x resolution, divided into 512x512x3 patches with a 50% overlap, and
patches with less than 20% of tissue were excluded. The development of the Convolutional
Neural Network (CNN) framework was divided in two models. In the first model through a
feature extractor (based on the VGG16 architecture) and a feature-refinement (based on a
Squeeze and Excitation network) identified patches with neutrophils. This approach was
implemented using Tensorflow 2.3.1 with Python 3.6. Experiments were conducted on the
NVIDIA DGX A100 system. The model was trained for 20 epochs using a learning rate of
0.001 with a batch size of 64. Note that the number of epochs is not very high since we used a
model pre-trained for histological imaging with a different task. Adadelta optimizer was
applied to try to minimize the binary cross-entropy (BCE) loss function at each epoch. The
second model combined the information previously linked to the patches to provide a
prediction regarding presence or absence of active UC from each WSI. This model was
obtained through a multiple instance learning (MIL), a weakly supervised type of learning,
trained for 12 epochs with a learning rate of 0.001, minimizing the binary cross-entropy loss
and with a batch size of 1 patient. All experiments were conducted on the NVIDIA DGX A100
system.
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Supplementary Table 1. Modified scores for analysing correlations between
histopathologic components and endoscopic scores / specified clinical outcomes
Histopathologic component
a. Neutrophil infiltration in
lamina propria
b. Neutrophil infiltration in
cryptal epithelium
c. Neutrophil infiltration in total
d. Chronic inflammation

e. Combined active and chronic
inflammation
f. Basal plasmacytosis
g. Eosinophil increase
h. Crypt architecture distortion

Score
0
1
2
0
1
2
= (a + b)
0
1
2
= (c + d)
0, 1, 2
0, 1, 2
0
1
2

Source score(s)
If RHI-neutrophil-lamina propria = 0
If RHI-neutrophil-lamina propria ≤2
If RHI-neutrophil-lamina propria = 3
If RHI-neutrophil-epithelium = 0
If RHI-neutrophil-epithelium ≤2
If RHI-neutrophil-epithelium = 3
If RHI-neutrophil-chronic inflammation = 0
If RHI-neutrophil-chronic inflammation ≤2
If RHI-neutrophil-chronic inflammation = 3

Same subscore from ECAP
Same subscore from ECAP
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Supplementary table 2. PHRI correlation with endoscopic scores and specified clinical
outcomes / relapse
In correlation with

PICaSSO mucosal score
PICaSSO vascular score
12-months specified clinical
outcomes

PHRI
All Patients
Spearman ρ
0.809705
0.715309
0.403166

MES 0 Patients
Spearman ρ
0.243540
0.100339
0.031718
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Supplementary Table 3

w/ specified clinical
outcomes
w/o specified clinical
outcomes
Wilcoxon test p value

PHRI
12 months outcomes
All patients
MES 0 patients
2.36 ± 1.67
0.36 ± 0.93
0.84 ± 1.46

0.22 ± 0.74

7.399e-11

0.7069
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Supplementary Table 4. Best cut-off values of PHRI in predicting specified clinical outcomes
/ relapse
A. For all patients
For 12-month specified clinical outcomes
Best value
AUROC (95% CI)
Specificity (95% CI)

Sensitivity (95% CI)

Accuracy (95% CI)

PHRI_max ≤1
PHRI_sigmoid ≤1
PHRI_rectum ≤0

0.680 (0.462, 0.777)
0.526 (0.320, 0.636)
0.632 (0.471, 0.731)

0.752 (0.603, 0.794)
0.770 (0.634, 0.804)
0.761 (0.623, 0.814)

B. For patients in ER (MES 0)
For 12-month specified clinical outcomes
Best value
AUROC (95% CI)
Specificity (95% CI)

Sensitivity (95% CI)

Accuracy (95% CI)

PHRI_max ≤1
PHRI_sigmoid ≤2
PHRI_rectum ≤1

0.143 (0.000, 0.357)
0.071 (0.000, 0.214)
0.143 (0.000, 0.286)

0.863 (0.683, 0.904)
0.890 (0.770, 0.911)
0.891 (0.725, 0.912)

0.730 (0.665, 0.795)
0.693 (0.628, 0.759)
0.722 (0.659, 0.785)

0.517 (0.415, 0.619)
0.506 (0.432, 0.581)
0.539 (0.440, 0.639)

0.781 (0.566, 0.845)
0.868 (0.669, 0.915)
0.814 (0.628, 0.888)

0.939 (0.566, 0.845)
0.977 (0.844, 1.000)
0.970 (0.780, 0.992)

Supplementary table 4. Best cut-off values of PHRI in predicting specified clinical outcomes /
relapse
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Supplementary Table 5. Inter-rater agreement on different histological
scores and their components
Histologic Index/Score
Name
PHRI

Intra-Class Correlation (ICC)
Coefficient, overall (95% CI)
ICC
Total ICC

Histologic Components

0.84 (0.78, 0.90)
Neutrophils in lamina propria
Neutrophils in surface epithelium
Cryptitis
Crypt abscess

0.85 (0.78, 0.90)
0.70 (0.60, 0.79)
0.66 (0.55, 0.76)
0.63 (0.51, 0.73)
0.77 (0.69, 0.85)

RHI
Chronic inflammation
Neutrophils in lamina propria
Neutrophils in epithelium
Erosion / Ulceration

0.68 (0.57, 0.76)
0.80 (0.72, 0.87)
0.72 (0.63, 0.81)
0.62 (0.51, 0.73)
0.85 (0.79, 0.90)
0.77 (0.68, 0.84)

NHI*
VSS
Crypt abscess
Erosion / Ulceration
Neutrophils in lamina propria

0.51 (0.39, 0.64)
0.44 (0.32, 0.58)
0.79 (0.71, 0.86)
0.87 (0.82, 0.92)

ECAP
Extent
Crypt architectural alteration
Paneth cell metaplasia/hyperplasia
Surface epithelium (reactive, neutrophils,
erosion /ulceration)
Cryptitis
Crypt abscess
Crypt destruction
Mononuclear cells in lamina propria
Basal plasmacytosis
Neutrophils in lamina propria
Eosinophils in lamina propria
Lymphoid follicles or aggregates

0.55 (0.43, 0.67)
0.44 (0.32, 0.58)
0.41 (0.29, 0.55)
0.73 (0.64, 0.82)
0.69 (0.58, 0.78)
0.55 (0.44, 0.68)
0.47 (0.34, 0.60)
0.74 (0.64, 0.82)
0.68 (0.58, 0.78)
0.85 (0.78, 0.90)
0.42 (0.30, 0.56)
0.43 (0.31, 0.57)
0.82 (0.75, 0.88)

GS
Grade 0 (architectural change)
Grade 1 (chronic inflammatory infiltrate)
Grade 2a (eosinophils in lamina propria)
Grade 2b (neutrophils in lamina propria)
Grade 3 (neutrophils in epithelium)
Grade 4 (crypt destruction)
Grade 5 (erosion / ulceration)

0.59 (0.47, 0.71)
0.68 (0.57, 0.77)
0.40 (0.28, 0.53)
0.80 (0.62, 0.87)
0.71 (0.61, 0.80)
0.55 (0.43, 0.67)
0.60 (0.49, 0.71)

*Breakdown ICC data for Nancy index was not computed
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Supplementary Table 1. Modified scores for analysing correlations between
histopathologic components and endoscopic scores / specified clinical outcomes
Histopathologic component
a. Neutrophil infiltration in
lamina propria
b. Neutrophil infiltration in
cryptal epithelium
c. Neutrophil infiltration in total
d. Chronic inflammation

e. Combined active and chronic
inflammation
f. Basal plasmacytosis
g. Eosinophil increase
h. Crypt architecture distortion

Score
0
1
2
0
1
2
= (a + b)
0
1
2
= (c + d)
0, 1, 2
0, 1, 2
0
1
2

Source score(s)
If RHI-neutrophil-lamina propria = 0
If RHI-neutrophil-lamina propria ≤2
If RHI-neutrophil-lamina propria = 3
If RHI-neutrophil-epithelium = 0
If RHI-neutrophil-epithelium ≤2
If RHI-neutrophil-epithelium = 3
If RHI-neutrophil-chronic inflammation = 0
If RHI-neutrophil-chronic inflammation ≤2
If RHI-neutrophil-chronic inflammation = 3

Same subscore from ECAP
Same subscore from ECAP
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Supplementary Table 2. Comparison between PHRI_total and PHRI_max on
their correlations with endoscopic scores and with specified clinical outcomes /
relapse
(A) All patients
In correlation with
PICaSSO mucosal score
PICaSSO vascular score
6-mon specified clinical outcomes
12-mon specified clinical outcomes

PHRI_total
Pearson r
Spearman ρ
0.766534
0.819757
0.722552
0.719359
0.471019
0.462178
0.457633
0.437625

PHRI_max
Pearson r
Spearman ρ
0.792444
0.809705
0.711830
0.715309
0.428338
0.429286
0.411784
0.403166

PHRI_total
Pearson r
Spearman ρ
0.235775
0.237926
-0.009007
0.091234
0.133529
0.103149
0.083656
0.034196

PHRI_max
Pearson r
Spearman ρ
0.356568
0.243540
0.041375
0.100339
0.086716
0.099161
0.050836
0.031718

(B) MES 0 patients
In correlation with
PICaSSO mucosal score
PICaSSO vascular score
6-mon specified clinical outcomes
12-mon specified clinical outcomes
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A) PHRI scores (%) between patients with
and without specified clinical outcomes in 12
months

B) PHRI scores (%) between relapsed and
unrelapsed in 12 months (in MES 0 patients)
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Supplementary figure 4.
A/B. Rate of adverse clinical outcomes (including relapse) according to PHRI scores. C/D.
Comparison of the specified clinical outcome and relapse rates between patients with PHRI > 0 and
those with PHRI = 0. C- all patients, D- MES 0 patients. * p < 0.01, #p < 0.00001.
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Supplementary Table 3. Comparison between PHRI_total and PHRI_max on
the difference between patients with and without specified clinical outcomes /
relapse
(A) All patients

w/ specified clinical outcomes
w/o specified clinical outcomes
Wilcoxon test p value

PHRI_total
6 months
12 months
4.06 ± 3.05 3.75 ± 2.92
2.09 ± 1.12 1.07 ± 2.02
1.173e-14
1.56e-12

PHRI_max
6 months
12 months
2.58 ± 1.60 2.36 ± 1.67
0.87 ± 1.47 0.84 ± 1.46
7.528e-13
7.399e-11

PHRI_total
6 months
12 months
0.75 ± 1.75 0.50 ± 1.40
0.23 ± 0.78 0.25 ± 0.81
0.1973
0.6849

PHRI_max
6 months
12 months
0.50 ± 1.07 0.36 ± 0.93
0.21 ± 0.71 0.22 ± 0.74
0.2152
0.7069

(B) MES 0 patients

w/ disease relapse
w/o disease relapse
Wilcoxon test p value

Merged table. PHRI max only

w/ specified clinical
outcomes
w/o specified clinical
outcomes
Wilcoxon test p value

PHRI_max
12 months outcomes
All patients
MES 0 patients
2.36 ± 1.67
0.36 ± 0.93
0.84 ± 1.46

0.22 ± 0.74

7.399e-11

0.7069
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Supplementary Figure 2
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Supplementary Figure 2 PHRI correlation in patients in endoscopic remission (MES 0)
Histological-endoscopic correlation demonstrated by heatmaps showing Spearman correlation
coefficients between different histological and endoscopic scores in the rectum (A) and in the sigmoid
(B) and between the endoscopic-histological scores and the specified clinical outcomes at 12 months in
patients in endoscopic remission (MES = 0). (0.8-1.0: very strong correlation, 0.6-0.79: strong, 0.400.59: moderate, 0.2-0.39: weak) (* p < 0.05 as compared to PHRI with regard to the correlation strength
in the same category of correlation analysis)
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Supplementary Figure 3
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Supplementary Figure 3 Correlation of histopathologic components in patients in endoscopic
remission (MES 0)
Heatmaps showing the correlations of histopathologic components with PICaSSO endoscopic
subscores and with the rates of 12-month adverse outcomes in patients in endoscopic remission (MES
= 0). Biopsies from the rectum (A) and the sigmoid (B). (0.8-1.0: very strong correlation, 0.6-0.79:
strong, 0.40-0.59: moderate, 0.2-0.39: weak) (*p < 0.05 as compared to neutrophils in the lamina
propria, !p < 0.05 as compared to and total neutrophils infiltration, and #p < 0.05 as compared to
neutrophils in epithelium, with regard to the correlation strength in the same category of correlation
analysis) (Neurophils total: neutrophil infiltration in both lamina propria and epithelium)
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Supplementary Table 4. Best cut-off values of PHRI in predicting specified clinical
outcomes / relapse
A. For all patients
For 6-month specified clinical outcomes
Best value
AUROC (95% CI)
Specificity (95% CI)

Sensitivity (95% CI)

Accuracy (95% CI)

PHRI_max ≤1
PHRI_total ≤1
PHRI_sigmoid ≤0
PHRI_rectum ≤0

0.726 (0.531, 0.843)
0.726 (0.565, 0.841)
0.651 (0.516, 0.762)
0.656 (0.504, 0.770)

0.757 (0.631, 0.806)
0.754 (0.622, 0.825)
0.777 (0.606, 0.841)
0.763 (0.601, 0.819)

For 12-month specified clinical outcomes
Best value
AUROC (95% CI)
Specificity (95% CI)

Sensitivity (95% CI)

Accuracy (95% CI)

PHRI_max ≤1
PHRI_total ≤1
PHRI_sigmoid ≤1
PHRI_rectum ≤0

0.680 (0.462, 0.777)
0.680 (0.502, 0.780)
0.526 (0.320, 0.636)
0.632 (0.471, 0.731)

0.752 (0.603, 0.794)
0.748 (0.595, 0.798)
0.770 (0.634, 0.804)
0.761 (0.623, 0.814)

B. For patients in ER (MES 0)
For 6-month specified clinical outcomes
Best value
AUROC (95% CI)
Specificity (95% CI)

Sensitivity (95% CI)

Accuracy (95% CI)

PHRI_max ≤0
PHRI_total ≤0
PHRI_sigmoid ≤0
PHRI_rectum ≤1

0.250 (0.000, 0.518)
0.250 (0.000, 0.518)
0.250 (0.000, 0.625)
0.125 (0.000, 0.375)

0.862 (0.640, 0.962)
0.754 (0.640, 0.962)
0.912 (0.678, 0.956)
0.925 (0.755, 0.950)

For 12-month specified clinical outcomes
Best value
AUROC (95% CI)
Specificity (95% CI)

Sensitivity (95% CI)

Accuracy (95% CI)

PHRI_max ≤1
PHRI_total ≤1
PHRI_sigmoid ≤2
PHRI_rectum ≤1

0.143 (0.000, 0.357)
0.143 (0.000, 0.286)
0.071 (0.000, 0.214)
0.143 (0.000, 0.286)

0.863 (0.683, 0.904)
0.863 (0.677, 0.918)
0.890 (0.770, 0.911)
0.891 (0.725, 0.912)

0.765 (0.701, 0.830)
0.787 (0.721, 0.852)
0.740 (0.673, 0.806)
0.731 (0.664, 0.797)

0.730 (0.665, 0.795)
0.751 (0.685, 0.817)
0.693 (0.628, 0.759)
0.722 (0.659, 0.785)

0.575 (0.408, 0.741)
0.575 (0.408, 0.741)
0.598 (0.437, 0.759)
0.531 (0.404, 0.657)

0.517 (0.415, 0.619)
0.519 (0.415, 0.622)
0.506 (0.432, 0.581)
0.539 (0.440, 0.639)

0.766 (0.585, 0.828)
0.761 (0.594, 0.849)
0.814 (0.603, 0.897)
0.795 (0.586, 0.868)

0.781 (0.566, 0.845)
0.775 (0.569, 0.844)
0.868 (0.669, 0.915)
0.814 (0.628, 0.888)

0.894 (0.656, 1.000)
0.894 (0.656, 1.000)
0.947 (0.700, 0.993)
0.967 (0.794, 0.993)

0.939 (0.566, 0.845)
0.939 (0.740, 1.000)
0.977 (0.844, 1.000)
0.970 (0.780, 0.992)
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Supplementary Table 5. Inter-rater agreement on different histological
scores and their components
Histologic Index/Score
Name
PHRI

Intra-Class Correlation (ICC)
Coefficient, overall (95% CI)
ICC
Total ICC

Histologic Components

0.84 (0.78, 0.90)
Neutrophils in lamina propria
Neutrophils in surface epithelium
Cryptitis
Crypt abscess

0.85 (0.78, 0.90)
0.70 (0.60, 0.79)
0.66 (0.55, 0.76)
0.63 (0.51, 0.73)
0.77 (0.69, 0.85)

RHI
Chronic inflammation
Neutrophils in lamina propria
Neutrophils in epithelium
Erosion / Ulceration

0.68 (0.57, 0.76)
0.80 (0.72, 0.87)
0.72 (0.63, 0.81)
0.62 (0.51, 0.73)
0.85 (0.79, 0.90)
0.77 (0.68, 0.84)

NHI*
VSS
Crypt abscess
Erosion / Ulceration
Neutrophils in lamina propria

0.51 (0.39, 0.64)
0.44 (0.32, 0.58)
0.79 (0.71, 0.86)
0.87 (0.82, 0.92)

ECAP
Extent
Crypt architectural alteration
Paneth cell metaplasia/hyperplasia
Surface epithelium (reactive, neutrophils,
erosion /ulceration)
Cryptitis
Crypt abscess
Crypt destruction
Mononuclear cells in lamina propria
Basal plasmacytosis
Neutrophils in lamina propria
Eosinophils in lamina propria
Lymphoid follicles or aggregates

0.55 (0.43, 0.67)
0.44 (0.32, 0.58)
0.41 (0.29, 0.55)
0.73 (0.64, 0.82)
0.69 (0.58, 0.78)
0.55 (0.44, 0.68)
0.47 (0.34, 0.60)
0.74 (0.64, 0.82)
0.68 (0.58, 0.78)
0.85 (0.78, 0.90)
0.42 (0.30, 0.56)
0.43 (0.31, 0.57)
0.82 (0.75, 0.88)

GS
Grade 0 (architectural change)
Grade 1 (chronic inflammatory infiltrate)
Grade 2a (eosinophils in lamina propria)
Grade 2b (neutrophils in lamina propria)
Grade 3 (neutrophils in epithelium)
Grade 4 (crypt destruction)
Grade 5 (erosion / ulceration)

0.59 (0.47, 0.71)
0.68 (0.57, 0.77)
0.40 (0.28, 0.53)
0.80 (0.62, 0.87)
0.71 (0.61, 0.80)
0.55 (0.43, 0.67)
0.60 (0.49, 0.71)

*Breakdown ICC data for Nancy index was not computed
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Supplementary Figure 1. Examples of active (neutrophilic) inflammation in IBD. A. Neutrophil
(within yellow circles) infiltration in surface epithelium (×600). B. Neutrophil (within yellow circles)
infiltration in cryptal epithelium (cryptitis) (×600) and in lamina propria. C. A single neutrophil
infiltration in cryptal epithelium (still called cryptitis) (×600). The single inflammatory cell (possibly
eosinophil) in the lumen here is not considered as crypt abscess. D. Cryptitis with groups of neutrophils
in the lumen, interpreted as a crypt abscess (×400), although with minimal cryptal epithelial cell
damage. E/F. Crypt abscess with cryptal epithelium destruction (×400).
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Appendices
Statistical appendix
Fisher Z- transformation to compare Pearson correlations between endoscopic scores and
between histological scores/features was performed using R-package cocor (http://CRAN.Rproject.org/package=cocor).
CARRoT statistical package combines principles of good practice from machine learning, such
as cross-validation and those in medical statistics, such as best subset regression restricted by
the rule of ten events per variable (“one in ten rule”).35 CARRoT has been previously
successfully used for outcome prediction in clinical studies,36,37 in order to facilitate the choice
of logistic regression model which leads to the best predictive power quantified as average
AUROC. Once the best model was chosen, the corresponding regression model was fit to the
whole dataset and the odds ratios (ORs) were computed.
Histological appendix
Some case were considered particularly challenging due to of ‘cryptitis’ and ‘crypt abscess’ on
some atypical microscopic appearances, for example, when only one neutrophil was present
within cryptal epithelium (for calling cryptitis), or only rare neutrophils were seen floating in
the lumen of a crypt while there were no neutrophils within cryptal epithelium or no or only
minimal damage of cryptal epithelium (as exampled in Supplementary Figure 5). Therefore, to
strictly adhere to the predetermined criteria in scoring all cases is important to the pathologists.
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Supplementary Figure 5

Artificial intelligence appendix
Two pathologists analysed the biopsies (75 remission, 63 with active disease) and annotated
the presence of neutrophils in the target regions (lamina propria, surface epithelium, cryptal
epithelium and cryptal lumen) using an in-house software. Whole-slide-images were then
down-sampled to 20x resolution, divided into 512x512x3 patches with a 50% overlap, and
patches with less than 20% of tissue were excluded. The development of the Convolutional
Neural Network (CNN) framework was divided in two models. In the first model through a
feature extractor (based on the VGG16 architecture) and a feature-refinement (based on a
Squeeze and Excitation network) identified patches with neutrophils. This approach was
implemented using Tensorflow 2.3.1 with Python 3.6. Experiments were conducted on the
NVIDIA DGX A100 system. The model was trained for 20 epochs using a learning rate of
0.001 with a batch size of 64. Note that the number of epochs is not very high since we used a
model pre-trained for histological imaging with a different task. Adadelta optimizer was
applied to try to minimize the binary cross-entropy (BCE) loss function at each epoch. The
second model combined the information previously linked to the patches to provide a
prediction regarding presence or absence of active UC from each WSI. This model was
obtained through a multiple instance learning (MIL), a weakly supervised type of learning,
trained for 12 epochs with a learning rate of 0.001, minimizing the binary cross-entropy loss
and with a batch size of 1 patient. All experiments were conducted on the NVIDIA DGX A100
system.
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Supplementary Table 1. Modified scores for analysing correlations between
histopathologic components and endoscopic scores / specified clinical outcomes
Histopathologic component
a. Neutrophil infiltration in
lamina propria
b. Neutrophil infiltration in
cryptal epithelium
c. Neutrophil infiltration in total
d. Chronic inflammation

e. Combined active and chronic
inflammation
f. Basal plasmacytosis
g. Eosinophil increase
h. Crypt architecture distortion

Score
0
1
2
0
1
2
= (a + b)
0
1
2
= (c + d)
0, 1, 2
0, 1, 2
0
1
2

Source score(s)
If RHI-neutrophil-lamina propria = 0
If RHI-neutrophil-lamina propria ≤2
If RHI-neutrophil-lamina propria = 3
If RHI-neutrophil-epithelium = 0
If RHI-neutrophil-epithelium ≤2
If RHI-neutrophil-epithelium = 3
If RHI-neutrophil-chronic inflammation = 0
If RHI-neutrophil-chronic inflammation ≤2
If RHI-neutrophil-chronic inflammation = 3

Same subscore from ECAP
Same subscore from ECAP
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Supplementary table 2. PHRI correlation with endoscopic scores and specified clinical
outcomes / relapse
In correlation with

PICaSSO mucosal score
PICaSSO vascular score
12-months specified clinical
outcomes

PHRI
All Patients
Spearman ρ
0.809705
0.715309
0.403166

MES 0 Patients
Spearman ρ
0.243540
0.100339
0.031718
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Supplementary Table 3

w/ specified clinical
outcomes
w/o specified clinical
outcomes
Wilcoxon test p value

PHRI
12 months outcomes
All patients
MES 0 patients
2.36 ± 1.67
0.36 ± 0.93
0.84 ± 1.46

0.22 ± 0.74

7.399e-11

0.7069
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Supplementary Table 4. Best cut-off values of PHRI in predicting specified clinical outcomes
/ relapse
A. For all patients
For 12-month specified clinical outcomes
Best value
AUROC (95% CI)
Specificity (95% CI)

Sensitivity (95% CI)

Accuracy (95% CI)

PHRI_max ≤1
PHRI_sigmoid ≤1
PHRI_rectum ≤0

0.680 (0.462, 0.777)
0.526 (0.320, 0.636)
0.632 (0.471, 0.731)

0.752 (0.603, 0.794)
0.770 (0.634, 0.804)
0.761 (0.623, 0.814)

B. For patients in ER (MES 0)
For 12-month specified clinical outcomes
Best value
AUROC (95% CI)
Specificity (95% CI)

Sensitivity (95% CI)

Accuracy (95% CI)

PHRI_max ≤1
PHRI_sigmoid ≤2
PHRI_rectum ≤1

0.143 (0.000, 0.357)
0.071 (0.000, 0.214)
0.143 (0.000, 0.286)

0.863 (0.683, 0.904)
0.890 (0.770, 0.911)
0.891 (0.725, 0.912)

0.730 (0.665, 0.795)
0.693 (0.628, 0.759)
0.722 (0.659, 0.785)

0.517 (0.415, 0.619)
0.506 (0.432, 0.581)
0.539 (0.440, 0.639)

0.781 (0.566, 0.845)
0.868 (0.669, 0.915)
0.814 (0.628, 0.888)

0.939 (0.566, 0.845)
0.977 (0.844, 1.000)
0.970 (0.780, 0.992)

Supplementary table 4. Best cut-off values of PHRI in predicting specified clinical outcomes /
relapse
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Supplementary Table 5. Inter-rater agreement on different histological
scores and their components
Histologic Index/Score
Name
PHRI

Intra-Class Correlation (ICC)
Coefficient, overall (95% CI)
ICC
Total ICC

Histologic Components

0.84 (0.78, 0.90)
Neutrophils in lamina propria
Neutrophils in surface epithelium
Cryptitis
Crypt abscess

0.85 (0.78, 0.90)
0.70 (0.60, 0.79)
0.66 (0.55, 0.76)
0.63 (0.51, 0.73)
0.77 (0.69, 0.85)

RHI
Chronic inflammation
Neutrophils in lamina propria
Neutrophils in epithelium
Erosion / Ulceration

0.68 (0.57, 0.76)
0.80 (0.72, 0.87)
0.72 (0.63, 0.81)
0.62 (0.51, 0.73)
0.85 (0.79, 0.90)
0.77 (0.68, 0.84)

NHI*
VSS
Crypt abscess
Erosion / Ulceration
Neutrophils in lamina propria

0.51 (0.39, 0.64)
0.44 (0.32, 0.58)
0.79 (0.71, 0.86)
0.87 (0.82, 0.92)

ECAP
Extent
Crypt architectural alteration
Paneth cell metaplasia/hyperplasia
Surface epithelium (reactive, neutrophils,
erosion /ulceration)
Cryptitis
Crypt abscess
Crypt destruction
Mononuclear cells in lamina propria
Basal plasmacytosis
Neutrophils in lamina propria
Eosinophils in lamina propria
Lymphoid follicles or aggregates

0.55 (0.43, 0.67)
0.44 (0.32, 0.58)
0.41 (0.29, 0.55)
0.73 (0.64, 0.82)
0.69 (0.58, 0.78)
0.55 (0.44, 0.68)
0.47 (0.34, 0.60)
0.74 (0.64, 0.82)
0.68 (0.58, 0.78)
0.85 (0.78, 0.90)
0.42 (0.30, 0.56)
0.43 (0.31, 0.57)
0.82 (0.75, 0.88)

GS
Grade 0 (architectural change)
Grade 1 (chronic inflammatory infiltrate)
Grade 2a (eosinophils in lamina propria)
Grade 2b (neutrophils in lamina propria)
Grade 3 (neutrophils in epithelium)
Grade 4 (crypt destruction)
Grade 5 (erosion / ulceration)

0.59 (0.47, 0.71)
0.68 (0.57, 0.77)
0.40 (0.28, 0.53)
0.80 (0.62, 0.87)
0.71 (0.61, 0.80)
0.55 (0.43, 0.67)
0.60 (0.49, 0.71)

*Breakdown ICC data for Nancy index was not computed
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Supplementary Table 1. Modified scores for analysing correlations between
histopathologic components and endoscopic scores / specified clinical outcomes
Histopathologic component
a. Neutrophil infiltration in
lamina propria
b. Neutrophil infiltration in
cryptal epithelium
c. Neutrophil infiltration in total
d. Chronic inflammation

e. Combined active and chronic
inflammation
f. Basal plasmacytosis
g. Eosinophil increase
h. Crypt architecture distortion

Score
0
1
2
0
1
2
= (a + b)
0
1
2
= (c + d)
0, 1, 2
0, 1, 2
0
1
2

Source score(s)
If RHI-neutrophil-lamina propria = 0
If RHI-neutrophil-lamina propria ≤2
If RHI-neutrophil-lamina propria = 3
If RHI-neutrophil-epithelium = 0
If RHI-neutrophil-epithelium ≤2
If RHI-neutrophil-epithelium = 3
If RHI-neutrophil-chronic inflammation = 0
If RHI-neutrophil-chronic inflammation ≤2
If RHI-neutrophil-chronic inflammation = 3

Same subscore from ECAP
Same subscore from ECAP
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Supplementary Table 2. Comparison between PHRI_total and PHRI_max on
their correlations with endoscopic scores and with specified clinical outcomes /
relapse
(A) All patients
In correlation with
PICaSSO mucosal score
PICaSSO vascular score
6-mon specified clinical outcomes
12-mon specified clinical outcomes

PHRI_total
Pearson r
Spearman ρ
0.766534
0.819757
0.722552
0.719359
0.471019
0.462178
0.457633
0.437625

PHRI_max
Pearson r
Spearman ρ
0.792444
0.809705
0.711830
0.715309
0.428338
0.429286
0.411784
0.403166

PHRI_total
Pearson r
Spearman ρ
0.235775
0.237926
-0.009007
0.091234
0.133529
0.103149
0.083656
0.034196

PHRI_max
Pearson r
Spearman ρ
0.356568
0.243540
0.041375
0.100339
0.086716
0.099161
0.050836
0.031718

(B) MES 0 patients
In correlation with
PICaSSO mucosal score
PICaSSO vascular score
6-mon specified clinical outcomes
12-mon specified clinical outcomes
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A) PHRI scores (%) between patients with
and without specified clinical outcomes in 12
months

B) PHRI scores (%) between relapsed and
unrelapsed in 12 months (in MES 0 patients)
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Supplementary figure 4.
A/B. Rate of adverse clinical outcomes (including relapse) according to PHRI scores. C/D.
Comparison of the specified clinical outcome and relapse rates between patients with PHRI > 0 and
those with PHRI = 0. C- all patients, D- MES 0 patients. * p < 0.01, #p < 0.00001.
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Supplementary Table 3. Comparison between PHRI_total and PHRI_max on
the difference between patients with and without specified clinical outcomes /
relapse
(A) All patients

w/ specified clinical outcomes
w/o specified clinical outcomes
Wilcoxon test p value

PHRI_total
6 months
12 months
4.06 ± 3.05 3.75 ± 2.92
2.09 ± 1.12 1.07 ± 2.02
1.173e-14
1.56e-12

PHRI_max
6 months
12 months
2.58 ± 1.60 2.36 ± 1.67
0.87 ± 1.47 0.84 ± 1.46
7.528e-13
7.399e-11

PHRI_total
6 months
12 months
0.75 ± 1.75 0.50 ± 1.40
0.23 ± 0.78 0.25 ± 0.81
0.1973
0.6849

PHRI_max
6 months
12 months
0.50 ± 1.07 0.36 ± 0.93
0.21 ± 0.71 0.22 ± 0.74
0.2152
0.7069

(B) MES 0 patients

w/ disease relapse
w/o disease relapse
Wilcoxon test p value

Merged table. PHRI max only

w/ specified clinical
outcomes
w/o specified clinical
outcomes
Wilcoxon test p value

PHRI_max
12 months outcomes
All patients
MES 0 patients
2.36 ± 1.67
0.36 ± 0.93
0.84 ± 1.46

0.22 ± 0.74

7.399e-11

0.7069
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Supplementary Figure 2
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Supplementary Figure 2 PHRI correlation in patients in endoscopic remission (MES 0)
Histological-endoscopic correlation demonstrated by heatmaps showing Spearman correlation
coefficients between different histological and endoscopic scores in the rectum (A) and in the sigmoid
(B) and between the endoscopic-histological scores and the specified clinical outcomes at 12 months in
patients in endoscopic remission (MES = 0). (0.8-1.0: very strong correlation, 0.6-0.79: strong, 0.400.59: moderate, 0.2-0.39: weak) (* p < 0.05 as compared to PHRI with regard to the correlation strength
in the same category of correlation analysis)
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Supplementary Figure 3
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Supplementary Figure 3 Correlation of histopathologic components in patients in endoscopic
remission (MES 0)
Heatmaps showing the correlations of histopathologic components with PICaSSO endoscopic
subscores and with the rates of 12-month adverse outcomes in patients in endoscopic remission (MES
= 0). Biopsies from the rectum (A) and the sigmoid (B). (0.8-1.0: very strong correlation, 0.6-0.79:
strong, 0.40-0.59: moderate, 0.2-0.39: weak) (*p < 0.05 as compared to neutrophils in the lamina
propria, !p < 0.05 as compared to and total neutrophils infiltration, and #p < 0.05 as compared to
neutrophils in epithelium, with regard to the correlation strength in the same category of correlation
analysis) (Neurophils total: neutrophil infiltration in both lamina propria and epithelium)
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Supplementary Table 4. Best cut-off values of PHRI in predicting specified clinical
outcomes / relapse
A. For all patients
For 6-month specified clinical outcomes
Best value
AUROC (95% CI)
Specificity (95% CI)

Sensitivity (95% CI)

Accuracy (95% CI)

PHRI_max ≤1
PHRI_total ≤1
PHRI_sigmoid ≤0
PHRI_rectum ≤0

0.726 (0.531, 0.843)
0.726 (0.565, 0.841)
0.651 (0.516, 0.762)
0.656 (0.504, 0.770)

0.757 (0.631, 0.806)
0.754 (0.622, 0.825)
0.777 (0.606, 0.841)
0.763 (0.601, 0.819)

For 12-month specified clinical outcomes
Best value
AUROC (95% CI)
Specificity (95% CI)

Sensitivity (95% CI)

Accuracy (95% CI)

PHRI_max ≤1
PHRI_total ≤1
PHRI_sigmoid ≤1
PHRI_rectum ≤0

0.680 (0.462, 0.777)
0.680 (0.502, 0.780)
0.526 (0.320, 0.636)
0.632 (0.471, 0.731)

0.752 (0.603, 0.794)
0.748 (0.595, 0.798)
0.770 (0.634, 0.804)
0.761 (0.623, 0.814)

B. For patients in ER (MES 0)
For 6-month specified clinical outcomes
Best value
AUROC (95% CI)
Specificity (95% CI)

Sensitivity (95% CI)

Accuracy (95% CI)

PHRI_max ≤0
PHRI_total ≤0
PHRI_sigmoid ≤0
PHRI_rectum ≤1

0.250 (0.000, 0.518)
0.250 (0.000, 0.518)
0.250 (0.000, 0.625)
0.125 (0.000, 0.375)

0.862 (0.640, 0.962)
0.754 (0.640, 0.962)
0.912 (0.678, 0.956)
0.925 (0.755, 0.950)

For 12-month specified clinical outcomes
Best value
AUROC (95% CI)
Specificity (95% CI)

Sensitivity (95% CI)

Accuracy (95% CI)

PHRI_max ≤1
PHRI_total ≤1
PHRI_sigmoid ≤2
PHRI_rectum ≤1

0.143 (0.000, 0.357)
0.143 (0.000, 0.286)
0.071 (0.000, 0.214)
0.143 (0.000, 0.286)

0.863 (0.683, 0.904)
0.863 (0.677, 0.918)
0.890 (0.770, 0.911)
0.891 (0.725, 0.912)

0.765 (0.701, 0.830)
0.787 (0.721, 0.852)
0.740 (0.673, 0.806)
0.731 (0.664, 0.797)

0.730 (0.665, 0.795)
0.751 (0.685, 0.817)
0.693 (0.628, 0.759)
0.722 (0.659, 0.785)

0.575 (0.408, 0.741)
0.575 (0.408, 0.741)
0.598 (0.437, 0.759)
0.531 (0.404, 0.657)

0.517 (0.415, 0.619)
0.519 (0.415, 0.622)
0.506 (0.432, 0.581)
0.539 (0.440, 0.639)

0.766 (0.585, 0.828)
0.761 (0.594, 0.849)
0.814 (0.603, 0.897)
0.795 (0.586, 0.868)

0.781 (0.566, 0.845)
0.775 (0.569, 0.844)
0.868 (0.669, 0.915)
0.814 (0.628, 0.888)

0.894 (0.656, 1.000)
0.894 (0.656, 1.000)
0.947 (0.700, 0.993)
0.967 (0.794, 0.993)

0.939 (0.566, 0.845)
0.939 (0.740, 1.000)
0.977 (0.844, 1.000)
0.970 (0.780, 0.992)

Gui X, et al. Gut 2022;0:1–10. doi: 10.1136/gutjnl-2021-326376

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

Supplemental material

Gut

Supplementary Table 5. Inter-rater agreement on different histological
scores and their components
Histologic Index/Score
Name
PHRI

Intra-Class Correlation (ICC)
Coefficient, overall (95% CI)
ICC
Total ICC

Histologic Components

0.84 (0.78, 0.90)
Neutrophils in lamina propria
Neutrophils in surface epithelium
Cryptitis
Crypt abscess

0.85 (0.78, 0.90)
0.70 (0.60, 0.79)
0.66 (0.55, 0.76)
0.63 (0.51, 0.73)
0.77 (0.69, 0.85)

RHI
Chronic inflammation
Neutrophils in lamina propria
Neutrophils in epithelium
Erosion / Ulceration

0.68 (0.57, 0.76)
0.80 (0.72, 0.87)
0.72 (0.63, 0.81)
0.62 (0.51, 0.73)
0.85 (0.79, 0.90)
0.77 (0.68, 0.84)

NHI*
VSS
Crypt abscess
Erosion / Ulceration
Neutrophils in lamina propria

0.51 (0.39, 0.64)
0.44 (0.32, 0.58)
0.79 (0.71, 0.86)
0.87 (0.82, 0.92)

ECAP
Extent
Crypt architectural alteration
Paneth cell metaplasia/hyperplasia
Surface epithelium (reactive, neutrophils,
erosion /ulceration)
Cryptitis
Crypt abscess
Crypt destruction
Mononuclear cells in lamina propria
Basal plasmacytosis
Neutrophils in lamina propria
Eosinophils in lamina propria
Lymphoid follicles or aggregates

0.55 (0.43, 0.67)
0.44 (0.32, 0.58)
0.41 (0.29, 0.55)
0.73 (0.64, 0.82)
0.69 (0.58, 0.78)
0.55 (0.44, 0.68)
0.47 (0.34, 0.60)
0.74 (0.64, 0.82)
0.68 (0.58, 0.78)
0.85 (0.78, 0.90)
0.42 (0.30, 0.56)
0.43 (0.31, 0.57)
0.82 (0.75, 0.88)

GS
Grade 0 (architectural change)
Grade 1 (chronic inflammatory infiltrate)
Grade 2a (eosinophils in lamina propria)
Grade 2b (neutrophils in lamina propria)
Grade 3 (neutrophils in epithelium)
Grade 4 (crypt destruction)
Grade 5 (erosion / ulceration)

0.59 (0.47, 0.71)
0.68 (0.57, 0.77)
0.40 (0.28, 0.53)
0.80 (0.62, 0.87)
0.71 (0.61, 0.80)
0.55 (0.43, 0.67)
0.60 (0.49, 0.71)

*Breakdown ICC data for Nancy index was not computed
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