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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.

INTRODUCTION
Histological assessment plays a critical role in deter-
mining inflammatory activity and monitoring treat-
ment response in UC. Histological remission (HR) 

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.
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(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 appli-
cable 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’), char-
acterised 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 infil-
tration (‘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 infil-
tration (ie, elimination of histological activity).22 23

With the advent of digital pathology, artificial intelligence 
(AI) algorithms are increasingly employed into histopatholog-
ical 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 multi-
centre 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 chro-
moendoscopy (HD- VCE). The PICaSSO endoscopic score had 
better correlation than Mayo Endoscopic Score (MES) and UC 
Endoscopic Index of Severity (UCEIS) with multiple histological 

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 algo-
rithm. 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) associ-
ated 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 imple-
mentable 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 instru-
ment was the main aim, as current use of histological scores in 
clinical practice is limited. The primary aim of PHRI was to 
create a simple ‘neutrophil- only’ histological evaluation that 
predicted specified clinical outcomes. An additional purpose was 
that an ideal histological index should go beyond the limit of 
endoscopic evaluation.

PATIENTS AND METHODS
Study population, endoscopic evaluation and clinical follow-
up
A total of 307 patients with UC were prospectively enrolled 
from 11 centres in Europe and North America into the inter-
national multicentre PICaSSO study. The protocol for endo-
scopic 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 histo-
pathological 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 histological-
endoscopic-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 Scan-
ning system (Leica Biosystem, Illinois, USA). The HD digitised 
slides were centrally hosted and read by a group of 6 GI pathol-
ogists (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 Villa-
nacci Simplified Score (VSS).35 The average values of each score 

Significance of this study

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.
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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 endo-
scopic 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 compre-
hensive histological- endoscopic- clinical outcome correlation 
analyses in the phase I study and following a modified Delphi 
roundtable discussion between the expert pathologists, the pres-
ence 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 varia-
tion. 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 aforemen-
tioned 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 addi-
tional 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 consid-
ered individually as well as combined in the total score (PHRI_
total, ie, the sum of PHRI scores of both rectum and sigmoid) 

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.

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 investi-
gator from the same study group. The pathologists were blinded 
to clinical and endoscopic information and performed the histo-
logical 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 
into either histological remission or non- remission based on 
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 neutro-
phils, 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 Fish-
er’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 
CARRoT (https://CRAN.R-project.org/package=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 imple-
mented via R- package survival (https://CRAN.R-project.org/ 
package=survival).

To assess the inter- rater agreement of the histological scor-
ings, 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 signif-
icant at p<0.05. Statistical power was computed in the PICaSSO 

Table 1 PICaSSO Histologic Remission Index (PHRI)
Histological finding 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’.
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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 histological-
endoscopic-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) 

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 correla-
tion, although overall weak/moderate (ρ=0.40–0.45), with clin-
ical 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 regres-
sions to explore whether other histological features (chronic 

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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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 

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

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 correla-
tions 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 epithe-
lium), 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 infiltra-
tion 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 infil-
tration) 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 correla-
tion 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 

Table 2 Demographic data of study subjects

Characteristics
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 5 (1.6%)

Disease duration (years) 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)† 220 (71.7%)

  Active (>3)† 85 (27.7%)

  Missing data* 2 (0.6%)

Medical treatments in last 12 months

  No treatment 14 (4.6%)

  5- Aminosalicylic acid 234 (76.2%)

  Corticosteroids 74 (24.1%)

  Immunomodulators 68 (22.1%)

  Biologics 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.
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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 activa-
tion 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 perfor-
mance, 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 inter-
national 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 param-
eter only, neutrophil infiltration (active inflammation), the single 

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.

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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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 consis-
tent with a gathering consensus on the importance of neutro-
phils 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, 
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 contri-
bution 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 endos-
copy 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 

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.

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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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 
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 histo-
logical 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 
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 histolog-
ical 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 histolog-
ical 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.

Author affiliations
1Pathology, University of Washington School of Medicine, Seattle, WA, USA
2Institute of Translational Medicine, University of Birmingham, Birmingham, UK
3Institute for Biological Physics, University of Cologne, Koln, Germany
4Instituto de Investigación e Innovación en Bioingeniería, I3B, Universitat Politecnica 
de Valencia, Valencia, Spain
5Institute of Pathology, Klinikum Bayreuth GmbH, Bayreuth, Germany
6Institute of Pathology, Friedrich- Alexander- Universitat Erlangen- Nurnberg, Erlangen, 
Germany
7Department of Pathology, KU Leuven University Hospitals Leuven, Leuven, Belgium
8Department of Pathology, ASST Spedali Civili di Brescia, Brescia, Italy
9Department of Cellular Pathology, University Hospitals Birmingham NHS Foundation 
Trust, Birmingham, UK
10Department of Biomedical Sciences, Humanitas University, Milan, Italy
11Immunology and Immunotherapy, University of Birmingham, Birmingham, UK
12Department of Clinical and Molecular Medicine, Faculty of Medicine and Health 
Science, Norwegian University of Science and Technology, Trondheim, Norway
13Gastroenterology, National Institute of Health Research Birmingham Biomedical 
Research Unit, Birmingham, UK
14Department of Gastroenterology, Queen Alexandra Hospital, Portsmouth, UK
15Department of Gastroenterology and Endoscopy, Università Vita Salute San 
Raffaele, Milano, Italy

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.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gutjnl-2021-326376 on 16 F

ebruary 2022. D
ow

nloaded from
 

http://gut.bmj.com/


897Gui X, et al. Gut 2022;71:889–898. doi:10.1136/gutjnl-2021-326376

Artificial intelligence

16Department of Gastroenterology and Endoscopy, San Raffaele Hospital, Milano, 
Italy
17Division of Gastroenterology, University of Calgary Cumming School of Medicine, 
Calgary, Alberta, Canada
18King’s Health Partners Institute for Therapeutic Endoscopy, King’s College Hospital 
NHS Foundation Trust, London, UK
19Department of Medicine, Johns Hopkins University, Baltimore, Maryland, USA
20Department of Gastroenterology, Nottingham University Hospitals NHS Trust, 
Nottingham, UK
21Gastroenterology Unit, IRCCS Policlinico San Donato, San Donato Milanese, Italy
22Department of Health Sciences, University of Milan, Milan, Italy
23Department of Gastoenterology, University of Erlangen Nuremberg—Nuremberg 
Campus, Nurnberg, Germany
24Fondazione IRCCS Ca’Granda Ospedale Maggiore Policlinico, Department of 
Pathophysiology and Transplantation, University of Milan, Milan, Italy
25Department of Gastroenterology, Helios HSK, Wiesbaden, Germany
26Department of Gastroenterology, KU Leuven University Hospitals Leuven, Leuven, 
Belgium
27School of Engineering, London South Bank University, London, UK
28Department of Information Engineering, Università degli Studi di Padova, Padova, 
Italy
29APC Microbiome, Ireland, University College Cork, Cork, Ireland
30Department of Gastroenterology, University Hospitals Birmingham NHS Foundation 
Trust, Birmingham, UK

Correction notice This article has been corrected since it published Online First. 
Author affiliations have been updated and figures 2 and 3 replaced.

Twitter Bu’Hussain Hayee @IBDdoc

Acknowledgements The authors would like to acknowledge Dr Zainab Abdawn 
for her help in retrieving and digitalising histological slides.

Contributors XG: study conception and design, data acquisition, analysis and 
interpretation of data, drafting of the manuscript, critical revision of manuscript 
for important intellectual content. AB, ELS, MATM, GA, RP, RK, EG: analysis and 
interpretation of data, critical revision of manuscript for important intellectual 
content, statistical analysis. VV: study conception and design, data acquisition, 
analysis and interpretation of data, critical revision of manuscript for important 
intellectual content. RdA: study conception, analysis and interpretation of data, 
critical revision of manuscript for important intellectual content. MV, GdH, DZ, PB, 
JGF, MG, BH, ML, AP- B, LP, TR, GET, RB: data acquisition, analysis and interpretation 
of data, critical revision of manuscript for important intellectual content. TLP: analysis 
and interpretation of data, drafting the manuscript, critical revision of manuscript 
for important intellectual content. UNS, GM: data acquisition, critical revision of 
manuscript for important intellectual content. SD: critical revision of manuscript for 
important intellectual content. VN, SG: study conception and design, analysis and 
interpretation of data, drafting of the manuscript, critical revision of manuscript for 
important intellectual content. MI: study conception and design, concept of AI for 
histological scoring, data acquisition, analysis and interpretation of data, drafting of 
the manuscript, critical revision of manuscript for important intellectual content and 
guarantor of the study.

Funding MI and SG are funded by the NIHR Birmingham Biomedical Research 
Centre at the University Hospitals Birmingham NHS Foundation Trust and the 
University of Birmingham.

Disclaimer The views expressed are those of the author(s) and not necessarily 
those of the NHS, the NIHR or the Department of Health.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval Ethics approval was obtained from West Midlands Research 
Ethics Committee (17/WM/0223) and institutional ethics committees of all centres. 
All patients gave informed consent to participate in the study.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request. Computer 
algorithm code available on reasonable request.

Supplemental material This content has been supplied by the author(s). 
It has not been vetted by BMJ Publishing Group Limited (BMJ) and may not 
have been peer- reviewed. Any opinions or recommendations discussed are 
solely those of the author(s) and are not endorsed by BMJ. BMJ disclaims all 
liability and responsibility arising from any reliance placed on the content. 
Where the content includes any translated material, BMJ does not warrant the 
accuracy and reliability of the translations (including but not limited to local 
regulations, clinical guidelines, terminology, drug names and drug dosages), and 
is not responsible for any error and/or omissions arising from translation and 
adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Tommaso Lorenzo Parigi http://orcid.org/0000-0002-3398-0231
Silvio Danese http://orcid.org/0000-0001-9867-8861
Bu’Hussain Hayee http://orcid.org/0000-0003-1670-8815
Raf Bisschops http://orcid.org/0000-0002-9994-8226
Subrata Ghosh http://orcid.org/0000-0002-1713-7797

REFERENCES
 1 Bryant RV, Burger DC, Delo J, et al. Beyond endoscopic mucosal healing in UC: 

histological remission better predicts corticosteroid use and hospitalisation over 
6 years of follow- up. Gut 2016;65:408–14.

 2 Park S, Abdi T, Gentry M, et al. Histological disease activity as a predictor of clinical 
relapse among patients with ulcerative colitis: systematic review and meta- analysis. 
Am J Gastroenterol 2016;111:1692–701.

 3 Narang V, Kaur R, Garg B, et al. Association of endoscopic and histological remission 
with clinical course in patients of ulcerative colitis. Intest Res 2018;16:55–61.

 4 Ponte A, Pinho R, Fernandes S, et al. Impact of histological and endoscopic remissions 
on clinical recurrence and recurrence- free time in ulcerative colitis. Inflamm Bowel Dis 
2017;23:2238–44.

 5 Lobatón T, Bessissow T, Ruiz- Cerulla A, et al. Prognostic value of histological activity 
in patients with ulcerative colitis in deep remission: a prospective multicenter study. 
United European Gastroenterol J 2018;6:765–72.

 6 Peyrin- Biroulet L, Ferrante M, Magro F, et al. Results from the 2nd scientific workshop 
of the ECCO. I: impact of mucosal healing on the course of inflammatory bowel 
disease. J Crohns Colitis 2011;5:477–83.

 7 Kanazawa M, Takahashi F, Tominaga K, et al. Relationship between endoscopic 
mucosal healing and histologic inflammation during remission maintenance phase in 
ulcerative colitis: a retrospective study. Endosc Int Open 2019;7:E568–75.

 8 Calafat M, Lobatón T, Hernández- Gallego A, et al. Acute histological inflammatory 
activity is associated with clinical relapse in patients with ulcerative colitis in clinical 
and endoscopic remission. Dig Liver Dis 2017;49:1327–31.

 9 Frieri G, Galletti B, Di Ruscio M, et al. The prognostic value of histology in 
ulcerative colitis in clinical remission with mesalazine. Therap Adv Gastroenterol 
2017;10:749–59.

 10 Chateau T, Feakins R, Marchal- Bressenot A, et al. Histological remission 
in ulcerative colitis: under the microscope is the cure. Am J Gastroenterol 
2020;115:179–89.

 11 Mosli MH, Feagan BG, Sandborn WJ, et al. Histologic evaluation of ulcerative colitis: a 
systematic review of disease activity indices. Inflamm Bowel Dis 2014;20:564–75.

 12 Mojtahed A, Khanna R, Sandborn WJ, et al. Assessment of histologic disease activity 
in Crohn’s disease: a systematic review. Inflamm Bowel Dis 2014;20:2092–103.

 13 Bryant RV, Winer S, Travis SPL, et al. Systematic review: histological remission in 
inflammatory bowel disease. Is ’complete’ remission the new treatment paradigm? An 
IOIBD initiative. J Crohns Colitis 2014;8:1582–97.

 14 Jairath V, Peyrin- Biroulet L, Zou G, et al. Responsiveness of histological disease activity 
indices in ulcerative colitis: a post hoc analysis using data from the touchstone 
randomised controlled trial. Gut 2019;68:1162–8.

 15 Christensen B, Hanauer SB, Erlich J, et al. Histologic normalization occurs in ulcerative 
colitis and is associated with improved clinical outcomes. Clin Gastroenterol Hepatol 
2017;15:1557–64.

 16 Wiernicka A, Szymanska S, Cielecka- Kuszyk J, et al. Histological healing after 
infliximab induction therapy in children with ulcerative colitis. World J Gastroenterol 
2015;21:10654–61.

 17 Pai RK, Khanna R, D’Haens GR, et al. Definitions of response and remission for the 
Robarts histopathology index. Gut 2019;68:2101–2.

 18 Li K, Strauss R, Marano C, et al. A simplified definition of histologic improvement 
in ulcerative colitis and its association with disease outcomes up to 30 weeks 
from initiation of therapy: post hoc analysis of three clinical trials. J Crohns Colitis 
2019;13:1025–35.

 19 Bessissow T, Lemmens B, Ferrante M, et al. Prognostic value of serologic and 
histologic markers on clinical relapse in ulcerative colitis patients with mucosal 
healing. Am J Gastroenterol 2012;107:1684–92.

 20 Riley SA, Mani V, Goodman MJ, et al. Microscopic activity in ulcerative colitis: what 
does it mean? Gut 1991;32:174–8.

 21 Pai RK, Hartman DJ, Rivers CR, et al. Complete resolution of mucosal neutrophils 
associates with improved long- term clinical outcomes of patients with ulcerative 
colitis. Clin Gastroenterol Hepatol 2020;18:2510–7.

 22 Magro F, Doherty G, Peyrin- Biroulet L, et al. ECCO position paper: harmonization of 
the approach to ulcerative colitis histopathology. J Crohns Colitis 2020;14:1503–11.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gutjnl-2021-326376 on 16 F

ebruary 2022. D
ow

nloaded from
 

https://twitter.com/IBDdoc
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-3398-0231
http://orcid.org/0000-0001-9867-8861
http://orcid.org/0000-0003-1670-8815
http://orcid.org/0000-0002-9994-8226
http://orcid.org/0000-0002-1713-7797
http://dx.doi.org/10.1136/gutjnl-2015-309598
http://dx.doi.org/10.1038/ajg.2016.418
http://dx.doi.org/10.5217/ir.2018.16.1.55
http://dx.doi.org/10.1097/MIB.0000000000001275
http://dx.doi.org/10.1177/2050640617752207
http://dx.doi.org/10.1016/j.crohns.2011.06.009
http://dx.doi.org/10.1055/a-0869-7619
http://dx.doi.org/10.1016/j.dld.2017.08.041
http://dx.doi.org/10.1177/1756283X17722926
http://dx.doi.org/10.14309/ajg.0000000000000437
http://dx.doi.org/10.1097/01.MIB.0000437986.00190.71
http://dx.doi.org/10.1097/MIB.0000000000000155
http://dx.doi.org/10.1016/j.crohns.2014.08.011
http://dx.doi.org/10.1136/gutjnl-2018-316702
http://dx.doi.org/10.1016/j.cgh.2017.02.016
http://dx.doi.org/10.3748/wjg.v21.i37.10654
http://dx.doi.org/10.1136/gutjnl-2018-317547
http://dx.doi.org/10.1093/ecco-jcc/jjz022
http://dx.doi.org/10.1038/ajg.2012.301
http://dx.doi.org/10.1136/gut.32.2.174
http://dx.doi.org/10.1016/j.cgh.2019.12.011
http://dx.doi.org/10.1093/ecco-jcc/jjaa110
http://gut.bmj.com/


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

Artificial intelligence

 23 Ma C, Sedano R, Almradi A, et al. An international consensus to standardize 
integration of histopathology in ulcerative colitis clinical trials. Gastroenterology 
2021;160:2291–302.

 24 Kuntz S, Krieghoff- Henning E, Kather JN, et al. Gastrointestinal cancer classification 
and prognostication from histology using deep learning: systematic review. Eur J 
Cancer 2021;155:200–15.

 25 Iacucci M, Daperno M, Lazarev M, et al. Development and reliability of the new 
endoscopic virtual chromoendoscopy score: the PICaSSO (Paddington International 
Virtual ChromoendoScopy ScOre) in ulcerative colitis. Gastrointest Endosc 
2017;86:1118–27.

 26 Trivedi PJ, Kiesslich R, Hodson J, et al. The Paddington international virtual 
Chromoendoscopy score in ulcerative colitis exhibits very good inter- 
rater agreement after computerized module training: a multicenter study 
across academic and community practice (with video). Gastrointest Endosc 
2018;88:95–106.

 27 Iacucci M, Smith SCL, Bazarova A, et al. An international multicenter real- life 
prospective study of electronic Chromoendoscopy score PICaSSO in ulcerative colitis. 
Gastroenterology 2021;160:1558–69.

 28 Schroeder KW, Tremaine WJ, Ilstrup DM. Coated oral 5- aminosalicylic acid therapy 
for mildly to moderately active ulcerative colitis. A randomized study. N Engl J Med 
1987;317:1625–9.

 29 Travis SPL, Schnell D, Krzeski P, et al. Reliability and initial validation of the ulcerative 
colitis endoscopic index of severity. Gastroenterology 2013;145:987–95.

 30 Geboes K, Riddell R, Ost A, et al. A reproducible grading scale for histological 
assessment of inflammation in ulcerative colitis. Gut 2000;47:404–9.

 31 Mosli MH, Feagan BG, Zou G, et al. Development and validation of a histological 
index for Uc. Gut 2017;66:50–8.

 32 Marchal- Bressenot A, Salleron J, Boulagnon- Rombi C, et al. Development and 
validation of the Nancy histological index for Uc. Gut 2017;66:43–9.

 33 Iacucci M, Fort Gasia M, Hassan C, et al. Complete mucosal healing defined by 
endoscopic Mayo subscore still demonstrates abnormalities by novel high definition 
colonoscopy and refined histological gradings. Endoscopy 2015;47:726–34.

 34 Gui X, Li J, Ueno A, et al. Histopathological features of inflammatory bowel disease 
are associated with different CD4+ T cell subsets in colonic mucosal lamina propria. J 
Crohns Colitis 2018;12:1448–58.

 35 Villanacci V, Antonelli E, Lanzarotto F, et al. Usefulness of different pathological scores 
to assess healing of the mucosa in inflammatory bowel diseases: a real life study. Sci 
Rep 2017;7:6839.

 36 Zou Y, Young DS. Improving coverage probabilities for parametric tolerance intervals 
via bootstrap calibration. Stat Med 2020;39:2152–66.

 37 Landis JR, Koch GG. The measurement of observer agreement for categorical data. 
Biometrics 1977;33:159–74.

 38 Mosli MH, Feagan BG, Zou G, et al. Reproducibility of histological assessments of 
disease activity in Uc. Gut 2015;64:1765–73.

 39 Bressenot A, Salleron J, Bastien C, et al. Comparing histological activity indexes in Uc. 
Gut 2015;64:1412–8.

 40 Maeda Y, Kudo S- E, Ogata N, et al. Evaluation in real- time use of artificial intelligence 
during colonoscopy to predict relapse of ulcerative colitis: a prospective study. 
Gastrointest Endosc 2021;S0016- 5107(21:01731–4.

 41 Yao H, Najarian K, Gryak J, et al. Fully automated endoscopic disease activity 
assessment in ulcerative colitis. Gastrointest Endosc 2021;93:728–36.

 42 Takenaka K, Ohtsuka K, Fujii T, et al. Development and validation of a deep neural 
network for accurate evaluation of endoscopic images from patients with ulcerative 
colitis. Gastroenterology 2020;158:2150–7.

 43 Byrne M, East J, Iacucci M, et al. DOP13 Artificial Intelligence (AI) in endoscopy - Deep 
learning for detection and scoring of Ulcerative Colitis (UC) disease activity under 
multiple scoring systems. J Crohn's Colitis 2021;15:S051–2.

 44 Bossuyt P, Nakase H, Vermeire S, et al. Automatic, computer- aided determination of 
endoscopic and histological inflammation in patients with mild to moderate ulcerative 
colitis based on red density. Gut 2020;69:1778–86.

 45 Gottlieb K, Requa J, Karnes W, et al. Central reading of ulcerative colitis clinical trial 
Videos using neural networks. Gastroenterology 2021;160:710–9.

 46 Klang E, Barash Y, Margalit RY, et al. Deep learning algorithms for automated 
detection of Crohn’s disease ulcers by video capsule endoscopy. Gastrointest Endosc 
2020;91:606–13.

 47 Javaid A, Shahab O, Adorno W, et al. Machine learning predictive outcomes modeling 
in inflammatory bowel diseases. Inflamm Bowel Dis 2021:izab187.

 48 Takenaka K, Fujii T, Kawamoto A, et al. Deep neural network for video colonoscopy 
of ulcerative colitis: a cross- sectional study. Lancet Gastroenterol Hepatol 2021;S246
8- 1253(21:00372–1.

 49 Magro F, Alves C, Lopes J, et al. Histologic features of colon biopsies (Geboes score) 
associated with progression of ulcerative colitis for the first 36 months after biopsy. 
Clin Gastroenterol Hepatol 2021;19:S1542- 3565(20)31274- X.

 50 Narula N, Aruljothy A, Alshahrani A- A, et al. Histologic remission does not offer 
additional benefit for ulcerative colitis patients in endoscopic remission. Aliment 
Pharmacol Ther 2020;52:1676–82.

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gutjnl-2021-326376 on 16 F

ebruary 2022. D
ow

nloaded from
 

http://dx.doi.org/10.1053/j.gastro.2021.02.035
http://dx.doi.org/10.1016/j.ejca.2021.07.012
http://dx.doi.org/10.1016/j.ejca.2021.07.012
http://dx.doi.org/10.1016/j.gie.2017.03.012
http://dx.doi.org/10.1016/j.gie.2018.02.044
http://dx.doi.org/10.1053/j.gastro.2020.12.024
http://dx.doi.org/10.1056/NEJM198712243172603
http://dx.doi.org/10.1053/j.gastro.2013.07.024
http://dx.doi.org/10.1136/gut.47.3.404
http://dx.doi.org/10.1136/gutjnl-2015-310393
http://dx.doi.org/10.1136/gutjnl-2015-310187
http://dx.doi.org/10.1055/s-0034-1391863
http://dx.doi.org/10.1093/ecco-jcc/jjy116
http://dx.doi.org/10.1093/ecco-jcc/jjy116
http://dx.doi.org/10.1038/s41598-017-07338-x
http://dx.doi.org/10.1038/s41598-017-07338-x
http://dx.doi.org/10.1002/sim.8537
http://dx.doi.org/10.2307/2529310
http://dx.doi.org/10.1136/gutjnl-2014-307536
http://dx.doi.org/10.1136/gutjnl-2014-307477
http://dx.doi.org/10.1016/j.gie.2021.10.019
http://dx.doi.org/10.1016/j.gie.2020.08.011
http://dx.doi.org/10.1053/j.gastro.2020.02.012
http://dx.doi.org/10.1093/ecco-jcc/jjab073.052
http://dx.doi.org/10.1136/gutjnl-2019-320056
http://dx.doi.org/10.1053/j.gastro.2020.10.024
http://dx.doi.org/10.1016/j.gie.2019.11.012
http://dx.doi.org/10.1093/ibd/izab187
http://dx.doi.org/10.1016/S2468-1253(21)00372-1
http://dx.doi.org/10.1016/j.cgh.2020.09.017
http://dx.doi.org/10.1111/apt.16147
http://dx.doi.org/10.1111/apt.16147
http://gut.bmj.com/


 

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.R-

project.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. 

 

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

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



 
 

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 Score Source score(s) 

a. Neutrophil infiltration in 

lamina propria 
0 

1 

2 

If RHI-neutrophil-lamina propria = 0 

If RHI-neutrophil-lamina propria ≤2 

If RHI-neutrophil-lamina propria = 3 

b. Neutrophil infiltration in 

cryptal epithelium 
0 

1 

2 

If RHI-neutrophil-epithelium = 0 

If RHI-neutrophil-epithelium ≤2 

If RHI-neutrophil-epithelium = 3 

c. Neutrophil infiltration in total = (a + b)  

d. Chronic inflammation 0 

1 

2 

If RHI-neutrophil-chronic inflammation = 0 

If RHI-neutrophil-chronic inflammation ≤2 

If RHI-neutrophil-chronic inflammation = 3 

e. Combined active and chronic 
inflammation 

= (c + d)  

f. Basal plasmacytosis 0, 1, 2 Same subscore from ECAP 

g. Eosinophil increase 0, 1, 2 Same subscore from ECAP 

h. Crypt architecture distortion 0 

1 

2 
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Supplementary table 2. PHRI correlation with endoscopic scores and specified clinical 

outcomes / relapse 

 

In correlation with PHRI 

All Patients MES 0 Patients 

Spearman ρ Spearman ρ 

PICaSSO mucosal score 0.809705 0.243540 

PICaSSO vascular score 0.715309 0.100339 

12-months specified clinical 

outcomes 

0.403166 0.031718 
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Supplementary Table 3 

 PHRI 

12 months outcomes 

All patients MES 0 patients 

w/ specified clinical 

outcomes 

2.36 ± 1.67 0.36 ± 0.93 

w/o specified clinical 

outcomes 

0.84 ± 1.46 0.22 ± 0.74 

Wilcoxon test p value 7.399e-11 0.7069 
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Supplementary table 4. Best cut-off values of PHRI in predicting specified clinical outcomes / 

relapse 

  

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 0.730 (0.665, 0.795) 0.781 (0.566, 0.845) 0.680 (0.462, 0.777) 0.752 (0.603, 0.794) 

PHRI_sigmoid ≤1 0.693 (0.628, 0.759) 0.868 (0.669, 0.915) 0.526 (0.320, 0.636) 0.770 (0.634, 0.804) 

PHRI_rectum ≤0 0.722 (0.659, 0.785) 0.814 (0.628, 0.888) 0.632 (0.471, 0.731) 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 0.517 (0.415, 0.619) 0.939 (0.566, 0.845) 0.143 (0.000, 0.357) 0.863 (0.683, 0.904) 

PHRI_sigmoid ≤2 0.506 (0.432, 0.581) 0.977 (0.844, 1.000) 0.071 (0.000, 0.214) 0.890 (0.770, 0.911) 

PHRI_rectum ≤1 0.539 (0.440, 0.639) 0.970 (0.780, 0.992) 0.143 (0.000, 0.286) 0.891 (0.725, 0.912) 
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Supplementary Table 5. Inter-rater agreement on different histological 

scores and their components 

Histologic Index/Score Intra-Class Correlation (ICC) 

Coefficient, overall (95% CI) 

Name Histologic Components ICC Total ICC 

PHRI   0.84 (0.78, 0.90) 

 Neutrophils in lamina propria 0.85 (0.78, 0.90) 

 Neutrophils in surface epithelium 0.70 (0.60, 0.79) 

 Cryptitis 0.66 (0.55, 0.76)  

 Crypt abscess 0.63 (0.51, 0.73)  

RHI   0.77 (0.69, 0.85) 

 Chronic inflammation 0.68 (0.57, 0.76)  

 Neutrophils in lamina propria 0.80 (0.72, 0.87)  

 Neutrophils in epithelium 0.72 (0.63, 0.81)  

 Erosion / Ulceration 0.62 (0.51, 0.73)  

NHI*   0.85 (0.79, 0.90) 

VSS   0.77 (0.68, 0.84) 

 Crypt abscess 0.51 (0.39, 0.64) 

 Erosion / Ulceration 0.44 (0.32, 0.58) 

 Neutrophils in lamina propria 0.79 (0.71, 0.86) 

ECAP   0.87 (0.82, 0.92) 

 Extent 0.55 (0.43, 0.67) 

 Crypt architectural alteration 0.44 (0.32, 0.58) 

 Paneth cell metaplasia/hyperplasia 0.41 (0.29, 0.55) 

 Surface epithelium (reactive, neutrophils, 

erosion /ulceration) 

0.73 (0.64, 0.82) 

 Cryptitis 0.69 (0.58, 0.78) 

 Crypt abscess 0.55 (0.44, 0.68) 

 Crypt destruction 0.47 (0.34, 0.60) 

 Mononuclear cells in lamina propria 0.74 (0.64, 0.82) 

 Basal plasmacytosis 0.68 (0.58, 0.78) 

 Neutrophils in lamina propria 0.85 (0.78, 0.90) 

 Eosinophils in lamina propria 0.42 (0.30, 0.56) 

 Lymphoid follicles or aggregates 0.43 (0.31, 0.57) 

GS   0.82 (0.75, 0.88) 

 Grade 0 (architectural change) 0.59 (0.47, 0.71) 

 Grade 1 (chronic inflammatory infiltrate) 0.68 (0.57, 0.77) 

 Grade 2a (eosinophils in lamina propria) 0.40 (0.28, 0.53) 

 Grade 2b (neutrophils in lamina propria) 0.80 (0.62, 0.87) 

 Grade 3 (neutrophils in epithelium) 0.71 (0.61, 0.80) 

 Grade 4 (crypt destruction) 0.55 (0.43, 0.67) 

 Grade 5 (erosion / ulceration) 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 Score Source score(s) 

a. Neutrophil infiltration in 

lamina propria 

0 

1 
2 

If RHI-neutrophil-lamina propria = 0 

If RHI-neutrophil-lamina propria ≤2 
If RHI-neutrophil-lamina propria = 3 

b. Neutrophil infiltration in 

cryptal epithelium 

0 

1 

2 

If RHI-neutrophil-epithelium = 0 

If RHI-neutrophil-epithelium ≤2 

If RHI-neutrophil-epithelium = 3 

c. Neutrophil infiltration in total = (a + b)  

d. Chronic inflammation 0 

1 

2 

If RHI-neutrophil-chronic inflammation = 0 

If RHI-neutrophil-chronic inflammation ≤2 

If RHI-neutrophil-chronic inflammation = 3 

e. Combined active and chronic 

inflammation 

= (c + d)  

f. Basal plasmacytosis 0, 1, 2 Same subscore from ECAP 

g. Eosinophil increase 0, 1, 2 Same subscore from ECAP 

h. Crypt architecture distortion 0 

1 

2 
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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  
PHRI_total PHRI_max 

Pearson r Spearman ρ Pearson r Spearman ρ 

PICaSSO mucosal score 0.766534 0.819757 0.792444 0.809705 

PICaSSO vascular score 0.722552 0.719359 0.711830 0.715309 

6-mon specified clinical outcomes 0.471019 0.462178 0.428338 0.429286 

12-mon specified clinical outcomes 0.457633 0.437625 0.411784 0.403166 

     

(B)  MES 0 patients 

In correlation with 
PHRI_total PHRI_max 

Pearson r Spearman ρ Pearson r Spearman ρ 

PICaSSO mucosal score 0.235775 0.237926 0.356568 0.243540 

PICaSSO vascular score -0.009007 0.091234 0.041375 0.100339 

6-mon specified clinical outcomes 0.133529 0.103149 0.086716 0.099161 

12-mon specified clinical outcomes 0.083656 0.034196 0.050836 0.031718 
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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 

 
PHRI_total PHRI_max 

6 months 12 months 6 months 12 months 

w/ specified clinical outcomes 4.06 ± 3.05 3.75 ± 2.92 2.58 ± 1.60 2.36 ± 1.67 

w/o specified clinical outcomes 2.09 ± 1.12 1.07 ± 2.02 0.87 ± 1.47 0.84 ± 1.46 

Wilcoxon test p value 1.173e-14 1.56e-12 7.528e-13 7.399e-11 

     

(B)  MES 0 patients 

 
PHRI_total PHRI_max 

6 months 12 months 6 months 12 months 

w/ disease relapse 0.75 ± 1.75 0.50 ± 1.40 0.50 ± 1.07 0.36 ± 0.93 

w/o disease relapse 0.23 ± 0.78 0.25 ± 0.81 0.21 ± 0.71 0.22 ± 0.74 

Wilcoxon test p value 0.1973 0.6849 0.2152 0.7069 

 

 

Merged table. PHRI max only 

 PHRI_max 

12 months outcomes 

All patients MES 0 patients 

w/ specified clinical 

outcomes 

2.36 ± 1.67 0.36 ± 0.93 

w/o specified clinical 

outcomes 

0.84 ± 1.46 0.22 ± 0.74 

Wilcoxon test p value 7.399e-11 0.7069 
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Supplementary Figure 2 

 

 
 

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, 0.40-

0.59: 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 

 

 

 

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 0.765 (0.701, 0.830) 0.766 (0.585, 0.828) 0.726 (0.531, 0.843) 0.757 (0.631, 0.806) 

PHRI_total ≤1 0.787 (0.721, 0.852) 0.761 (0.594, 0.849) 0.726 (0.565, 0.841) 0.754 (0.622, 0.825) 

PHRI_sigmoid ≤0 0.740 (0.673, 0.806) 0.814 (0.603, 0.897) 0.651 (0.516, 0.762) 0.777 (0.606, 0.841) 

PHRI_rectum ≤0 0.731 (0.664, 0.797) 0.795 (0.586, 0.868) 0.656 (0.504, 0.770) 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 0.730 (0.665, 0.795) 0.781 (0.566, 0.845) 0.680 (0.462, 0.777) 0.752 (0.603, 0.794) 

PHRI_total ≤1 0.751 (0.685, 0.817) 0.775 (0.569, 0.844) 0.680 (0.502, 0.780) 0.748 (0.595, 0.798) 

PHRI_sigmoid ≤1 0.693 (0.628, 0.759) 0.868 (0.669, 0.915) 0.526 (0.320, 0.636) 0.770 (0.634, 0.804) 

PHRI_rectum ≤0 0.722 (0.659, 0.785) 0.814 (0.628, 0.888) 0.632 (0.471, 0.731) 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 0.575 (0.408, 0.741) 0.894 (0.656, 1.000) 0.250 (0.000, 0.518) 0.862 (0.640, 0.962) 

PHRI_total ≤0 0.575 (0.408, 0.741) 0.894 (0.656, 1.000) 0.250 (0.000, 0.518) 0.754 (0.640, 0.962) 

PHRI_sigmoid ≤0 0.598 (0.437, 0.759) 0.947 (0.700, 0.993) 0.250 (0.000, 0.625) 0.912 (0.678, 0.956) 

PHRI_rectum ≤1 0.531 (0.404, 0.657) 0.967 (0.794, 0.993) 0.125 (0.000, 0.375) 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 0.517 (0.415, 0.619) 0.939 (0.566, 0.845) 0.143 (0.000, 0.357) 0.863 (0.683, 0.904) 

PHRI_total ≤1 0.519 (0.415, 0.622) 0.939 (0.740, 1.000) 0.143 (0.000, 0.286) 0.863 (0.677, 0.918) 

PHRI_sigmoid ≤2 0.506 (0.432, 0.581) 0.977 (0.844, 1.000) 0.071 (0.000, 0.214) 0.890 (0.770, 0.911) 

PHRI_rectum ≤1 0.539 (0.440, 0.639) 0.970 (0.780, 0.992) 0.143 (0.000, 0.286) 0.891 (0.725, 0.912) 

 

 

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

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



 

Supplementary Table 5. Inter-rater agreement on different histological 

scores and their components 

Histologic Index/Score Intra-Class Correlation (ICC) 

Coefficient, overall (95% CI) 

Name Histologic Components ICC Total ICC 

PHRI   0.84 (0.78, 0.90) 

 Neutrophils in lamina propria 0.85 (0.78, 0.90) 

 Neutrophils in surface epithelium 0.70 (0.60, 0.79) 

 Cryptitis 0.66 (0.55, 0.76)  

 Crypt abscess 0.63 (0.51, 0.73)  

RHI   0.77 (0.69, 0.85) 

 Chronic inflammation 0.68 (0.57, 0.76)  

 Neutrophils in lamina propria 0.80 (0.72, 0.87)  

 Neutrophils in epithelium 0.72 (0.63, 0.81)  

 Erosion / Ulceration 0.62 (0.51, 0.73)  

NHI*   0.85 (0.79, 0.90) 

VSS   0.77 (0.68, 0.84) 

 Crypt abscess 0.51 (0.39, 0.64) 

 Erosion / Ulceration 0.44 (0.32, 0.58) 

 Neutrophils in lamina propria 0.79 (0.71, 0.86) 

ECAP   0.87 (0.82, 0.92) 

 Extent 0.55 (0.43, 0.67) 

 Crypt architectural alteration 0.44 (0.32, 0.58) 

 Paneth cell metaplasia/hyperplasia 0.41 (0.29, 0.55) 

 Surface epithelium (reactive, neutrophils, 

erosion /ulceration) 

0.73 (0.64, 0.82) 

 Cryptitis 0.69 (0.58, 0.78) 

 Crypt abscess 0.55 (0.44, 0.68) 

 Crypt destruction 0.47 (0.34, 0.60) 

 Mononuclear cells in lamina propria 0.74 (0.64, 0.82) 

 Basal plasmacytosis 0.68 (0.58, 0.78) 

 Neutrophils in lamina propria 0.85 (0.78, 0.90) 

 Eosinophils in lamina propria 0.42 (0.30, 0.56) 

 Lymphoid follicles or aggregates 0.43 (0.31, 0.57) 

GS   0.82 (0.75, 0.88) 

 Grade 0 (architectural change) 0.59 (0.47, 0.71) 

 Grade 1 (chronic inflammatory infiltrate) 0.68 (0.57, 0.77) 

 Grade 2a (eosinophils in lamina propria) 0.40 (0.28, 0.53) 

 Grade 2b (neutrophils in lamina propria) 0.80 (0.62, 0.87) 

 Grade 3 (neutrophils in epithelium) 0.71 (0.61, 0.80) 

 Grade 4 (crypt destruction) 0.55 (0.43, 0.67) 

 Grade 5 (erosion / ulceration) 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.R-

project.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 Score Source score(s) 

a. Neutrophil infiltration in 

lamina propria 
0 

1 

2 

If RHI-neutrophil-lamina propria = 0 

If RHI-neutrophil-lamina propria ≤2 

If RHI-neutrophil-lamina propria = 3 

b. Neutrophil infiltration in 

cryptal epithelium 
0 

1 

2 

If RHI-neutrophil-epithelium = 0 

If RHI-neutrophil-epithelium ≤2 

If RHI-neutrophil-epithelium = 3 

c. Neutrophil infiltration in total = (a + b)  

d. Chronic inflammation 0 

1 

2 

If RHI-neutrophil-chronic inflammation = 0 

If RHI-neutrophil-chronic inflammation ≤2 

If RHI-neutrophil-chronic inflammation = 3 

e. Combined active and chronic 
inflammation 

= (c + d)  

f. Basal plasmacytosis 0, 1, 2 Same subscore from ECAP 

g. Eosinophil increase 0, 1, 2 Same subscore from ECAP 

h. Crypt architecture distortion 0 

1 

2 
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Supplementary table 2. PHRI correlation with endoscopic scores and specified clinical 

outcomes / relapse 

 

In correlation with PHRI 

All Patients MES 0 Patients 

Spearman ρ Spearman ρ 

PICaSSO mucosal score 0.809705 0.243540 

PICaSSO vascular score 0.715309 0.100339 

12-months specified clinical 

outcomes 

0.403166 0.031718 
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Supplementary Table 3 

 PHRI 

12 months outcomes 

All patients MES 0 patients 

w/ specified clinical 

outcomes 

2.36 ± 1.67 0.36 ± 0.93 

w/o specified clinical 

outcomes 

0.84 ± 1.46 0.22 ± 0.74 

Wilcoxon test p value 7.399e-11 0.7069 
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Supplementary table 4. Best cut-off values of PHRI in predicting specified clinical outcomes / 

relapse 

  

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 0.730 (0.665, 0.795) 0.781 (0.566, 0.845) 0.680 (0.462, 0.777) 0.752 (0.603, 0.794) 

PHRI_sigmoid ≤1 0.693 (0.628, 0.759) 0.868 (0.669, 0.915) 0.526 (0.320, 0.636) 0.770 (0.634, 0.804) 

PHRI_rectum ≤0 0.722 (0.659, 0.785) 0.814 (0.628, 0.888) 0.632 (0.471, 0.731) 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 0.517 (0.415, 0.619) 0.939 (0.566, 0.845) 0.143 (0.000, 0.357) 0.863 (0.683, 0.904) 

PHRI_sigmoid ≤2 0.506 (0.432, 0.581) 0.977 (0.844, 1.000) 0.071 (0.000, 0.214) 0.890 (0.770, 0.911) 

PHRI_rectum ≤1 0.539 (0.440, 0.639) 0.970 (0.780, 0.992) 0.143 (0.000, 0.286) 0.891 (0.725, 0.912) 
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Supplementary Table 5. Inter-rater agreement on different histological 

scores and their components 

Histologic Index/Score Intra-Class Correlation (ICC) 

Coefficient, overall (95% CI) 

Name Histologic Components ICC Total ICC 

PHRI   0.84 (0.78, 0.90) 

 Neutrophils in lamina propria 0.85 (0.78, 0.90) 

 Neutrophils in surface epithelium 0.70 (0.60, 0.79) 

 Cryptitis 0.66 (0.55, 0.76)  

 Crypt abscess 0.63 (0.51, 0.73)  

RHI   0.77 (0.69, 0.85) 

 Chronic inflammation 0.68 (0.57, 0.76)  

 Neutrophils in lamina propria 0.80 (0.72, 0.87)  

 Neutrophils in epithelium 0.72 (0.63, 0.81)  

 Erosion / Ulceration 0.62 (0.51, 0.73)  

NHI*   0.85 (0.79, 0.90) 

VSS   0.77 (0.68, 0.84) 

 Crypt abscess 0.51 (0.39, 0.64) 

 Erosion / Ulceration 0.44 (0.32, 0.58) 

 Neutrophils in lamina propria 0.79 (0.71, 0.86) 

ECAP   0.87 (0.82, 0.92) 

 Extent 0.55 (0.43, 0.67) 

 Crypt architectural alteration 0.44 (0.32, 0.58) 

 Paneth cell metaplasia/hyperplasia 0.41 (0.29, 0.55) 

 Surface epithelium (reactive, neutrophils, 

erosion /ulceration) 

0.73 (0.64, 0.82) 

 Cryptitis 0.69 (0.58, 0.78) 

 Crypt abscess 0.55 (0.44, 0.68) 

 Crypt destruction 0.47 (0.34, 0.60) 

 Mononuclear cells in lamina propria 0.74 (0.64, 0.82) 

 Basal plasmacytosis 0.68 (0.58, 0.78) 

 Neutrophils in lamina propria 0.85 (0.78, 0.90) 

 Eosinophils in lamina propria 0.42 (0.30, 0.56) 

 Lymphoid follicles or aggregates 0.43 (0.31, 0.57) 

GS   0.82 (0.75, 0.88) 

 Grade 0 (architectural change) 0.59 (0.47, 0.71) 

 Grade 1 (chronic inflammatory infiltrate) 0.68 (0.57, 0.77) 

 Grade 2a (eosinophils in lamina propria) 0.40 (0.28, 0.53) 

 Grade 2b (neutrophils in lamina propria) 0.80 (0.62, 0.87) 

 Grade 3 (neutrophils in epithelium) 0.71 (0.61, 0.80) 

 Grade 4 (crypt destruction) 0.55 (0.43, 0.67) 

 Grade 5 (erosion / ulceration) 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 Score Source score(s) 

a. Neutrophil infiltration in 

lamina propria 

0 

1 
2 

If RHI-neutrophil-lamina propria = 0 

If RHI-neutrophil-lamina propria ≤2 
If RHI-neutrophil-lamina propria = 3 

b. Neutrophil infiltration in 

cryptal epithelium 

0 

1 

2 

If RHI-neutrophil-epithelium = 0 

If RHI-neutrophil-epithelium ≤2 

If RHI-neutrophil-epithelium = 3 

c. Neutrophil infiltration in total = (a + b)  

d. Chronic inflammation 0 

1 

2 

If RHI-neutrophil-chronic inflammation = 0 

If RHI-neutrophil-chronic inflammation ≤2 

If RHI-neutrophil-chronic inflammation = 3 

e. Combined active and chronic 

inflammation 

= (c + d)  

f. Basal plasmacytosis 0, 1, 2 Same subscore from ECAP 

g. Eosinophil increase 0, 1, 2 Same subscore from ECAP 

h. Crypt architecture distortion 0 

1 

2 
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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  
PHRI_total PHRI_max 

Pearson r Spearman ρ Pearson r Spearman ρ 

PICaSSO mucosal score 0.766534 0.819757 0.792444 0.809705 

PICaSSO vascular score 0.722552 0.719359 0.711830 0.715309 

6-mon specified clinical outcomes 0.471019 0.462178 0.428338 0.429286 

12-mon specified clinical outcomes 0.457633 0.437625 0.411784 0.403166 

     

(B)  MES 0 patients 

In correlation with 
PHRI_total PHRI_max 

Pearson r Spearman ρ Pearson r Spearman ρ 

PICaSSO mucosal score 0.235775 0.237926 0.356568 0.243540 

PICaSSO vascular score -0.009007 0.091234 0.041375 0.100339 

6-mon specified clinical outcomes 0.133529 0.103149 0.086716 0.099161 

12-mon specified clinical outcomes 0.083656 0.034196 0.050836 0.031718 
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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 

 
PHRI_total PHRI_max 

6 months 12 months 6 months 12 months 

w/ specified clinical outcomes 4.06 ± 3.05 3.75 ± 2.92 2.58 ± 1.60 2.36 ± 1.67 

w/o specified clinical outcomes 2.09 ± 1.12 1.07 ± 2.02 0.87 ± 1.47 0.84 ± 1.46 

Wilcoxon test p value 1.173e-14 1.56e-12 7.528e-13 7.399e-11 

     

(B)  MES 0 patients 

 
PHRI_total PHRI_max 

6 months 12 months 6 months 12 months 

w/ disease relapse 0.75 ± 1.75 0.50 ± 1.40 0.50 ± 1.07 0.36 ± 0.93 

w/o disease relapse 0.23 ± 0.78 0.25 ± 0.81 0.21 ± 0.71 0.22 ± 0.74 

Wilcoxon test p value 0.1973 0.6849 0.2152 0.7069 

 

 

Merged table. PHRI max only 

 PHRI_max 

12 months outcomes 

All patients MES 0 patients 

w/ specified clinical 

outcomes 

2.36 ± 1.67 0.36 ± 0.93 

w/o specified clinical 

outcomes 

0.84 ± 1.46 0.22 ± 0.74 

Wilcoxon test p value 7.399e-11 0.7069 
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Supplementary Figure 2 

 

 
 

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, 0.40-

0.59: 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 

 

 

 

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 0.765 (0.701, 0.830) 0.766 (0.585, 0.828) 0.726 (0.531, 0.843) 0.757 (0.631, 0.806) 

PHRI_total ≤1 0.787 (0.721, 0.852) 0.761 (0.594, 0.849) 0.726 (0.565, 0.841) 0.754 (0.622, 0.825) 

PHRI_sigmoid ≤0 0.740 (0.673, 0.806) 0.814 (0.603, 0.897) 0.651 (0.516, 0.762) 0.777 (0.606, 0.841) 

PHRI_rectum ≤0 0.731 (0.664, 0.797) 0.795 (0.586, 0.868) 0.656 (0.504, 0.770) 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 0.730 (0.665, 0.795) 0.781 (0.566, 0.845) 0.680 (0.462, 0.777) 0.752 (0.603, 0.794) 

PHRI_total ≤1 0.751 (0.685, 0.817) 0.775 (0.569, 0.844) 0.680 (0.502, 0.780) 0.748 (0.595, 0.798) 

PHRI_sigmoid ≤1 0.693 (0.628, 0.759) 0.868 (0.669, 0.915) 0.526 (0.320, 0.636) 0.770 (0.634, 0.804) 

PHRI_rectum ≤0 0.722 (0.659, 0.785) 0.814 (0.628, 0.888) 0.632 (0.471, 0.731) 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 0.575 (0.408, 0.741) 0.894 (0.656, 1.000) 0.250 (0.000, 0.518) 0.862 (0.640, 0.962) 

PHRI_total ≤0 0.575 (0.408, 0.741) 0.894 (0.656, 1.000) 0.250 (0.000, 0.518) 0.754 (0.640, 0.962) 

PHRI_sigmoid ≤0 0.598 (0.437, 0.759) 0.947 (0.700, 0.993) 0.250 (0.000, 0.625) 0.912 (0.678, 0.956) 

PHRI_rectum ≤1 0.531 (0.404, 0.657) 0.967 (0.794, 0.993) 0.125 (0.000, 0.375) 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 0.517 (0.415, 0.619) 0.939 (0.566, 0.845) 0.143 (0.000, 0.357) 0.863 (0.683, 0.904) 

PHRI_total ≤1 0.519 (0.415, 0.622) 0.939 (0.740, 1.000) 0.143 (0.000, 0.286) 0.863 (0.677, 0.918) 

PHRI_sigmoid ≤2 0.506 (0.432, 0.581) 0.977 (0.844, 1.000) 0.071 (0.000, 0.214) 0.890 (0.770, 0.911) 

PHRI_rectum ≤1 0.539 (0.440, 0.639) 0.970 (0.780, 0.992) 0.143 (0.000, 0.286) 0.891 (0.725, 0.912) 
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Supplementary Table 5. Inter-rater agreement on different histological 

scores and their components 

Histologic Index/Score Intra-Class Correlation (ICC) 

Coefficient, overall (95% CI) 

Name Histologic Components ICC Total ICC 

PHRI   0.84 (0.78, 0.90) 

 Neutrophils in lamina propria 0.85 (0.78, 0.90) 

 Neutrophils in surface epithelium 0.70 (0.60, 0.79) 

 Cryptitis 0.66 (0.55, 0.76)  

 Crypt abscess 0.63 (0.51, 0.73)  

RHI   0.77 (0.69, 0.85) 

 Chronic inflammation 0.68 (0.57, 0.76)  

 Neutrophils in lamina propria 0.80 (0.72, 0.87)  

 Neutrophils in epithelium 0.72 (0.63, 0.81)  

 Erosion / Ulceration 0.62 (0.51, 0.73)  

NHI*   0.85 (0.79, 0.90) 

VSS   0.77 (0.68, 0.84) 

 Crypt abscess 0.51 (0.39, 0.64) 

 Erosion / Ulceration 0.44 (0.32, 0.58) 

 Neutrophils in lamina propria 0.79 (0.71, 0.86) 

ECAP   0.87 (0.82, 0.92) 

 Extent 0.55 (0.43, 0.67) 

 Crypt architectural alteration 0.44 (0.32, 0.58) 

 Paneth cell metaplasia/hyperplasia 0.41 (0.29, 0.55) 

 Surface epithelium (reactive, neutrophils, 

erosion /ulceration) 

0.73 (0.64, 0.82) 

 Cryptitis 0.69 (0.58, 0.78) 

 Crypt abscess 0.55 (0.44, 0.68) 

 Crypt destruction 0.47 (0.34, 0.60) 

 Mononuclear cells in lamina propria 0.74 (0.64, 0.82) 

 Basal plasmacytosis 0.68 (0.58, 0.78) 

 Neutrophils in lamina propria 0.85 (0.78, 0.90) 

 Eosinophils in lamina propria 0.42 (0.30, 0.56) 

 Lymphoid follicles or aggregates 0.43 (0.31, 0.57) 

GS   0.82 (0.75, 0.88) 

 Grade 0 (architectural change) 0.59 (0.47, 0.71) 

 Grade 1 (chronic inflammatory infiltrate) 0.68 (0.57, 0.77) 

 Grade 2a (eosinophils in lamina propria) 0.40 (0.28, 0.53) 

 Grade 2b (neutrophils in lamina propria) 0.80 (0.62, 0.87) 

 Grade 3 (neutrophils in epithelium) 0.71 (0.61, 0.80) 

 Grade 4 (crypt destruction) 0.55 (0.43, 0.67) 

 Grade 5 (erosion / ulceration) 0.60  (0.49, 0.71) 

             *Breakdown ICC data for Nancy index was not computed 
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