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Abstract: 

BACKGROUND & AIMS 

Endoscopic and Histologic remission are  important goals in the treatment of ulcerative 

colitis (UC). We investigated the correlation of the recently developed Paddington 

International  Virtual ChromoendoScopy ScOre( PICaSSO) and other established endoscopic 

scores against multiple histological indices and prospectively assessed outcomes. 

METHODS: 

In this prospective multicenter international study  Inflammatory activity was assessed with 

high definition and virtual chromoendoscopy in the rectum and sigmoid using Mayo 

Endoscopic Score (MES), UC Endoscopic Index of Severity (UCEIS) and PICaSSO.  Targeted  

biopsies were taken for  assessment using Robarts Histological Index (RHI), Nancy 

Histological index (NHI), ECAP, Geboes and Villanacci. Follow up data was obtained at 6 and 

12 months after colonoscopy.  

RESULTS:  

307 patients were recruited. There was strong correlation between  PICaSSO and histology 

scores, significantly  superior to correlation coefficients of MES  and UCEIS with histology 

scores. A PICaSSO score of ≤3 detected  histologic remission by RHI (≤3 + absence of 

neutrophils) with AUROC 0.90 (95% CI 0.86-0.94) and NHI (≤1) AUROC 0.82 (95% CI 0.77-

0.87). The inter-observer agreement for PICaSSO was 0.88 (95% CI 0.83-0.92). At 6- and 12-

months follow-up PICaSSO score ≤3 predicted better outcomes than PICaSSO >3 {hazard  

ratio HR 0.19 (0.11-0.33) and 0.22 (0.13-0.34) respectively} as well as PICaSSO 4-8 {HR 0.25 

(0.12,0.53) and 0.22 (0.12,0.39) respectively} and similar to histologic remission. 

CONCLUSION:  
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In this first real-life multicenter study, the PICaSSO score correlated strongly with multiple 

histological indices. Furthemore, PICaSSO score predicted  specified  clinical outcomes  at 6 

and 12 months similar to histology. Thus, PICaSSO can be a useful endoscopic tool in the 

therapeutic management of UC. 

Key words: Mucosal Healing; Endoscopic Remission; Histological Remission; Ulcerative 

Colitis; Virtual Electronic Chromoendoscopy; PICaSSO score 
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Introduction 

Goals of therapy in Ulcerative Colitis (UC) have evolved over time .The International 

Organization for Study of Inflammatory Bowel Disease (IOIBD) proposed an important 

treatment paradigm in UC  which is termed the “treat to target” strategy, whereby clinicians 

aim to adjust therapy in order to achieve the target of mucosal healing (MH) 1. Definition of 

MH is evolving but currently incorporates endoscopic and histologic remission (ER and HR). 

There are clear benefits for achieving MH, in terms of maintaining clinical remission, 

reducing hospitalization  and   colectomy rates as well as  reducing steroid use 2-4. The Mayo 

Endoscopic Score (MES)5 of 0 or 1 is mostly used in clinical studies to define endoscopic 

improvement . However, relapse rates are higher for MES 1 than MES 0 6, 7. Furthermore, 

amongst patients with MES 0, those who had histologic remission had  lower rates of clinical 

relapse compared with those with histologic activity 8,9.  Currently available advanced  

imaging using high definition (HD) endoscopy, with virtual electronic chromoendoscopy, 

(VEC) can enhance  mucosal and vascular  details10.  

Therefore, there is need  for  a  score that accurately describes ER not just as absence of 

mucosal changes  but with a better correlation to HR. Initial studies have shown that with 

the current generation of endoscopic equipment with VEC, subtle mucosal and vascular 

changes may reflect histology 9, 10.  The recently developed, validated and reproduced  

Paddington International virtual ChromoendoScopy ScOre (PICaSSO),  is the first to use VEC  

to assess vascular and mucosal features of healing 11. Moreover, the PICaSSO score 

performed better than MES and the Ulcerative Colitis Endoscopic index of Severity (UCEIS)12 

to predict HR in a single center study 11.  
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Recently, histological assessment of inflammatory activity  has been used in clinical trials 

and been proposed as part of the “treat to target” strategy.1  A number of histological 

indices are currently available that include active or chronic changes or both such as  

Robarts Histopathology Index (RHI)13, Nancy Histological Index (NHI)14,  Villanacci Simple 

Score (VSS)15,  Geboes Score16 and ECAP9 (Extent, Chronicity, Activity and Plus Score).  It has 

previously been shown that the PICaSSO score using VEC images correlated well with 

histological scores and had a very good interobserver agreement amongst experts and non-

experts 11, 17.  

The aim of this first real-life international multicenter study was to prospectively establish 

the performance and  relationship between PICaSSO and other endoscopic scores with 

several histological scores in UC patients and their  association with HR. We also wanted to 

evaluate whether PICaSSO was predictor of specified clinical outcomes. 

 

Methods 

The study was approved by Research Ethics Committee (17/WM/0223) for the UK centers. 

All international sites gained local research ethics committee approvals in their respective 

countries.  All patients gave informed consent to participate in the study. 

Study design: 

The study was performed in eleven international centers between September 2016 and 

November 2019. Adult patients (age ≥18 and ≤80 years) with an established diagnosis of UC 

were prospectively enrolled when meeting inclusion criteria: a clinical indication for 

assessment of activity of UC and an established diagnosis of UC for ≥1 year. Exclusion 
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criteria were inability to provide consent, toxic megacolon, pregnancy or breast feeding, 

contraindication to biopsies and Boston bowel preparation score <2 18. Patients with 

unclassified colitis, Crohn’s colitis, ischemic colitis or infectious colitis were also excluded. In 

order to study the relationship between PICaSSO and histology, for the first 20 patients 

recruited, each participating site included quiescent , mild , moderate and severe 

inflammatory activity based on the clinical partial Mayo score (0-1=quiescent, 2-4=mild, 5-

6=moderate, 7-9=severe) at the time of recruitment 5. Subsequently, to establish the ability 

of PICaSSO to predict HR, sites were asked to recruit (n=20) mainly mild/quiescent disease 

(clinical partial Mayo score 0-4), such as patients attending for surveillance purposes or 

assessment after therapy. This was in recognition of the challenges of MES 0, 1 to relate to 

HR. All patients who had colonoscopy after consent were included in the study unless they 

had unsatisfactory bowel preparation. 

Study objectives:  

The primary objective for this study was to establish the correlation between endoscopic 

scoring systems for activity defined by PICaSSO 11 (ranging from 0-15), MES 5, UCEIS 12 and 

histological activity defined by multiple histological scores including RHI 13,  NHI 14, GS 16, VSS 

15 and ECAP 9. 

The secondary objectives were:  

(a) to assess ability of PICaSSO score to predict specified clinical outcomes in UC patients at 

6 and 12 months after colonoscopy. 

(b) to determine the inter-observer agreement of PICaSSO between all  raters and compare 

with other endoscopic scoring systems. 
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(c) to determine from Receiver Operator Characteristics [ROC] the best thresholds of 

PICaSSO, MES and UCEIS associated with HR.  

The outcome measures were:  

(a) Comparison of correlation between endoscopy scores using PICaSSO, MES and UCEIS 

with the five histology scores RHI, NHI Geboes, Villanacci and ECAP;  

(b) Comparison of the prediction of specified clinical  outcomes by PICaSSO ≤3, MES=0 and 

UCEIS≤1 at 6 months.  

Endoscopic assessment: 

All endoscopic examinations were performed by gastroenterologists (MI, PB, JF, MG, BH, 

ML, APB, LP, TR, GT, RB) who were experienced in IBD and optical diagnosis. Prior to the 

start of the study each center received refresher training materials on i-Scan digital image 

enhanced endoscopy technology and the PICaSSO score (Figure 1 and video ) 11. Training 

lasted 1 hour and consisted of examples of annotated images (n=56) and annotated videos 

(n=4) representative of each mucosal and vascular endoscopic finding.  

A polyethylene glycol-based bowel preparation was administered to patients prior to 

colonoscopy in accordance to each centers protocol. Data collected at the time of the 

colonoscopy included baseline demographic, duration of disease, extent of colitis and 

current/previous medication history. Data were recorded on case report forms and 

transferred to REDCap (The Vanderbilt University, Nashville, Tennessee, USA).  

All examinations were performed using HD Pentax (Tokyo, Japan) 7010 processor and 

colonoscopes of the HiLine series. The mucosa was washed thoroughly prior to the sigmoid 

colon and rectum being viewed for at least 60 seconds in each four  modes: HD, iScan1, 
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iScan2 and iScan3, which were switched at the push of a button on the endoscope 9. 

Standardized settings were used (details in Appendix 1). Endoscopists first assessed the MES 

5 and  UCEIS 12 with white light- HD  followed by PICaSSO score with VEC 11 in the sigmoid 

and rectum .Two targeted biopsies were taken from the most inflamed area or showing the 

most representative features of endoscopic remission determined by PICaSSO. The 

assessment and biopsy locations were captured by video recording for all patients.  

Histological assessment: 

All rectum and sigmoid biopsy samples were fixed in formalin and then processed at 

institutional pathology laboratories with routine embedding and staining protocols. The 

haematoxylin-eosin stained slides of the biopsies were digitized using high-speed slide 

scanners by participating centers to allow for central reading by the five study  pathologists 

(DZ, MV, VV, GDH and GX), who were blinded to patients’ clinical features and endoscopic 

finding.  Each slide was scored using RHI 13, ECAP 9, NHI 14, VSS 15 and GS 16 for  comparison 

with endoscopic grading of inflammatory activity. These histological indices were selected as 

these represent different combinations of the major histopathologic features of UC, 

including active inflammation (‘activity’, i.e., neutrophil infiltration in glandular epithelium 

and in lamina propria), chronic inflammation (mononuclear cell infiltration in lamina 

propria) and crypt architectural alteration (chronicity). 

For the present study, HR was defined as RHI ≤3 (with absence of neutrophils 19), ECAP ≤4, 

NHI ≤1, VSS 0, and GS 0/1. The rectal  and sigmoid biopsies were used for correlation with 

colonoscopic scores from the same site as the biopsies (data of sigmoid biopsies provided in 

Supplementary material). 
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Inter-observer agreement: 

Participating endoscopists (n=12) and pathologists (n=6) were provided with 40 randomly 

chosen high quality videos and 50 randomly selected digital histological slides respectively, 

displaying quiescent and active disease taken from study patients. Each video clip, 60-90 sec 

in length, was recorded by using the four different modes of HD, iscan1, iscan2 and iscan3. 

The endoscopists scored each video by using MES, UCEIS and PICaSSO and the pathologists 

scored each digital slide using RHI, NHI, VSS, GS and ECAP. The data were transferred to case 

report forms hosted on REDCap (The Vanderbilt University, Nashville, Tennessee, USA). 

Follow up and outcomes: 

Clinical outcomes at follow up were specified as i) hospitalization as a result of UC relapse ii) 

colectomy, iii) initiation or changes in medical therapy including steroids, 

immunomodulators and biologics due to UC relapse. The recorded notes of all patients were 

reviewed at each center to record these clinical  outcome events with telephone calls to 

clarify any uncertainty, at 6 months and 12 months following colonoscopy procedure in all 

patients.  

Statistical analysis:  

The results were exported from REDCap to STATA Version 14 [StataCorp]. Mean ± SD and 

median ± interquartile range were determined on continuous variables. 

 Assuming the correlation between PICaSSO- histology and MES- histology  to be 0.72 and 

0.61 respectively,  302 patients were needed to reach a power of 0.80 with  type I error of 

0.05 by means of Fisher’s Z-transform aiming to address the primary outcome of the study. 
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On the other hand, 300 patients were needed using 1-sample non-inferiority/superiority 

test for proportions of specified clinical outcome rates to reach power of 0.80 with type I 

error of 0.05 when comparing specified clinical  outcomes  of PICaSSO and MES=0 at 6 

months follow-up. We accepted a  10%  relapse rate for MES= 0 based on the results of 

Barreiro-de Acosta et al7 and 6.5% for PICaSSO score cut-off that was associated with 

histology score cut-off reflecting HR. 

Pearson correlation between various endoscopic scores and histological scores was 

calculated. Very strong correlation was considered as a value of 0.8-1.0, strong as 0.6-0.79, 

moderate as 0.40-0.59 and weak as 0.2-0.39. Correlations of endoscopic scores were 

compared  by means of Fisher Z-transformation using R-package (http://www.R-

project.org/) cocor. 20  

Inter-observer agreement was assessed using one -way intra class correlation coefficient-ICC 

(R package irr (http://CRAN.R-project.org/package=irr) . We needed  a minimum of 30 

videos or digital histological images to reach the power of 0.80 with a type I error of 0.05 to 

test the hypothesis of the effect size being larger than 0.1 against the alternative of no 

effect . 

We generated 1000 bootstrap sample to compute the differences between PICaSSO and 

MES/UCEIS ICCs, calculating the 0.01th quantiles of the resulting distributions. 

Meaningful misclassification rates were computed splitting each of the endoscopic scores 

into three categories: remission, mild, moderate/severe (Mayo 0,1,>1; UCEIS≤ 1, 2-4, >4; 

Picasso≤ 3, 4-8, >8 respectively). For each pair of raters we calculated the difference 

between their scorings of each video and recorded misclassification if it was greater than 

zero.  For the overall misclassification rate we averaged the obtained values over the 

http://www.r-project.org/
http://www.r-project.org/
http://cran.r-project.org/package=irr
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number of videos and the number of pairs. The resulting misclassification rates  were 

statistically compared between each other by computing 1000 values of differences 

between PICaSSO and UCEIS, PICaSSO and MES misclassification rates, each based on 1000 

bootstraps, 0.99th quantiles of these differences. 

Receiver Operating Characteristic [ROC] curves were plotted and compared using R package 

pROC( https://CRAN.R-project.org/package =pROC).21Area under  the curve   [AUROC] was 

determined to accurately reflect endoscopy scores that predict HR .The point on the curve 

with the best sensitivity and specificity  was determined by Youden’s j-statistics 22 and its 

accuracy was calculated. 

Probability of survival without clinical relapse for each of the endoscopic scores was 

computed using Cox proportional hazard model. Hazard ratios were presented , p values 

<0.05 were considered statistically significant. To compare the increment in specified clinical 

outcomes between MES=0 over MES=1 and PICaSSO ≤3 over PICaSSO 4-8 we generated 

10000, bootstrap samples from data with MES ≤1 and PICaSS0 ≤8 respectively thereby 

obtaining two sets of incremental values. We then computed the p values based on the 

distribution of the differences between each pair of increments. 

In order to assess the individual weights of each PICaSSO component we performed a 

multivariate logistic regression,  by means of R-package net 23 (https://CRAN.R-

project.org/package=nnet), treating each component of PICaSSO as a binary variable. 

Results 

Patient demographics: 

https://cran.r-project.org/package
https://cran.r-project.org/package=nnet
https://cran.r-project.org/package=nnet
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A total of 307 patients with UC from 11 international centers were prospectively included in 

the study with corresponding endoscopic and histological scores .A total of 302 patients 

with complete datasets were included in the final analysis: Demographic features are 

provided in table 1.  At the time of colonoscopy 218 (71.0%) were on 5-ASA, 22 (7.2%) were 

on corticosteroids, 54 (17.6%) on immunomodulators ,104(33.9%) on biologics and 29 

(9.4%) were not on any IBD treatment. None of the patients were on topical therapies or 

had E1 disease. 

The different endoscopy scores correlated with each other. PICaSSO score rectum and 

sigmoid correlated very strongly with MES rectum 0.81 (95% CI 0.77-0.85); sigmoid 0.82 

(95% CI 0.78-0.85) and with UCEIS rectum 0.93 (95% CI 0.91-0.94); sigmoid 0.80 (95% CI 

0.76-0.84).  

Correlation of endoscopic scores with histological scores: 

The correlations between endoscopic and histological scores are shown  in figure 2 which 

presents the heatmap of the distribution of the Pearson correlation coefficients (r) across 

the endoscopic and histological scores in the rectum. While all the endoscopic scores 

correlated strongly with histology, the correlation of PICaSSO with all histology scores was 

significantly better than either MES or UCEIS (Figure 2); this was also the case with the 

subgroup with the upper range of  endoscopy severity scores where PICaSSO correlated 

significantly better with all histology scores than MES 2/3, UCEIS ≥5 (all p<0.01;  

Supplementary Figure 1). The PICaSSO mucosal architectural component very strongly 

correlated with RHI (r=0.75, 95% CI 0.7-0.8), ECAP (r=0.77, 95% CI 0.72-0.81), NHI (r=0.77, 

95% CI 0.72-0.82), GS (r=0.76, 95% CI 0.71-0.81) and VSS (r=0.75, 95% CI 0.69-0.79). The 

vascular architectural component correlated strongly with RHI (r=0.68, 95% CI 0.62-0.74), 
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ECAP (r=0.70, 95% CI 0.64-0.76), NHI (r=0.70, 95% CI 0.64-0.76), GS (r=0.68, 95% CI 0.62-

0.74) and VSS (r=0.69, 95% CI 0.62-0.74) respectively. The correlation between PICaSSO 

rectum and sigmoid was 0.66 ( 95% CI 0.59, 072). PICaSSO sigmoid correlated better with all 

histology scores than MES, but for UCEIS only for the upper end of the range. 

(supplementary Figure 2). 

Relationship between  histological remission and endoscopic scores 

95% and 74% of patients with HR by RHI in rectum had PICaSSO ≤3 and MES =0 (PICaSSO vs 

MES p<0.00001). 94% and 69% of patients with HR by RHI in sigmoid had PICaSSO ≤3 and 

MES=0 (PICaSSO vs MES p<0.00001). 97% and 77% of patients with HR by NHI in rectum had 

PICaSSO ≤3 and MES =0 (PICaSSO vs MES p<0.0001). 94% and 73% of patients with HR by 

NHI in sigmoid had PICaSSO ≤3 and MES=0 (PICaSSO vs MES p<0.0001). The false negative 

rate of PICaSSO score for HR by RHI and NHI was significantly lower than the false negative 

rate for HR determined by MES.  

The Receiver Operating Characteristics (ROC)  

The Receiver Operating Characteristics (ROC) of the endoscopic scores in the rectum 

associated with HR using RHI, ECAP, NHI, GS, VSS are presented in Figure 3. The ability of 

endoscopic scores indicating HR in terms of sensitivity, specificity and accuracy are 

presented in table 2 (sigmoid data presented in Supplementary Figure 3 and Supplementary 

Table 1).  

Relationship between  RHI ≤3 and endoscopic scores (Figure 3a): 

Defining HR as RHI ≤3 in the absence of neutrophils in the epithelium and lamina propria, a 

PICaSSO total score of ≤3 was associated with HR with an AUROC of 0.90 (95% CI 0.86-0.94), 
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UCEIS score of ≤1 was associated with HR with an AUROC of 0.89 (95% CI 0.85-0.94) and a 

MES of 0 was associated with HR with an AUROC of 0.87 (95% CI 0.83-0.91). 

Relationship between  ECAP ≤4 and endoscopic scores (Figure 3b):  

The PICaSSO total score ≤3 score was associated with HR defined as ECAP ≤4 with an AUROC 

of 0.77 (95% CI 0.72-0.82), UCEIS ≤1 was associated with HR with an AUROC 0.74 (95% CI 

0.69-0.80) and MES of 0 was associated with HR with an AUROC 0.74 (95% CI 0.69-0.79). 

Relationship between  NHI ≤1 and endoscopic scores (Figure 3c): 

HR defined as a NHI of ≤1 was associated with PICaSSO total score ≤3 score with an AUROC 

of 0.82 (95% CI 0.77-0.87), UCEIS ≤1 was associated with HR with an AUROC 0.79 (95% CI 

0.73-0.84) and MES of 0 was associated with HR with an AUROC 0.81 (95% CI 0.77-0.86). 

Relationship between GS ≤1 and endoscopic scores (Figure 3d): 

The PICaSSO total score ≤3 score was associated with HR defined by a GS ≤1 with an AUROC 

0.71 (95% CI 0.66-0.76), the UCEIS ≤1 was associated with HR with AUROC 0.76 (95% CI 

0.71-0.81) and MES of 0 was associated with HR with an AUROC 0.68 (95% CI 0.63-0.73).   

Relationship of VSS of 0 with endoscopic scores (Figure 3e): 

The PICaSSO total score ≤3 score was associated with HR as defined by VSS of 0, with an 

AUROC 0.88 (95% CI 0.84-0.93), the UCEIS ≤1 was associated with HR with an AUROC 0.86 

(95% CI 0.81-0.91) and MES of 0 was associated with HR with AUROC 0.87 (95% CI 0.82-

0.91).  

Relationship between RHI and Nancy with PICaSSO mucosal and vascular architecture  
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A PICaSSO mucosal score of ≤1 and PICaSSO vascular score of 0 predicted HR as defined by 

RHI of ≤3 in the absence of neutrophils in the epithelium and lamina propria, both with an 

AUROC 0.88 (95% CI 0.83-0.92). A PICaSSO mucosal score of ≤1 and PICaSSO vascular score 

of 0 was associated with HR as defined by NHI of ≤1 with an AUROC 0.80 (95% CI 0.76-0.86) 

and 0.80 (95% CI 0.75-0.85) respectively.  

Inter-observer agreement of PICaSSO, UCEIS and MES scores: 

The intra-class correlation coefficient (ICC) for the MES, UCEIS total and PICaSSO total score 

by the twelve expert endoscopists  using high quality videos are shown in Table 3. The one-

way ICC between raters was 0.88 (95% CI 0.83-0.92) for the overall PICaSSO score, as 

compared with ICC MES of 0.82 (95% CI 0.74-0.88) and ICC UCEIS total score of 0.84 (95% CI 

0.77-0.87).  The PICaSSO vascular component had a good agreement ICC=0.74 (95% CI 0.64-

0.83) whereas the vascular component of the UCEIS had a moderate agreement ICC=0.55 

(95% CI 0.44-0.64).  

PICaSSO ICC was significantly (p<0.01) higher than ICC of either MES or UCEIS.  In addition, 

the PICaSSO misclassification rate was significantly lower than that of MES and UCEIS 

{PICaSSO 0.12, UCEIS 0.24, MES 0.29. (p<0.01 PICaSSO Vs MES, UCEIS)}.  

Inter-observer agreement of the five histology scores is shown in table 3 . 

Follow up results of  specified clinical outcomes : 

A total of 289 and 270 patients completed 6 and 12 months follow up respectively after 

colonoscopy. A total of 66 (22.8%) and 78 (28.9%) patients had a specified clinical  outcome 

events at 6 and 12 months respectively. Figure 4 and Figure 5 presents all the Cox 
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proportional hazards curves for the PICaSSO, UCEIS and MES (rectum) at 6 and 12 months, 

respectively.  

There was a survival benefit without specified clinical  outcomes for PICaSSO score of ≤3 vs 

>3, UCEIS ≤1 vs. >1 and MES 0 vs. MES ≥1 .MES 0 had a  significantly better outcome over 

MES 1 at both 6 and 12 months. In addition, analysis of PICaSSO ≤3 vs PICaSSO >3 ≤8 

demonstrated significant survival benefit without specified clinical outcomes at 6 and 12 

months .The sigmoid data is shown in Supplementary Figure 4. The endoscopy scores had 

similar specified clinical outcomes at 6 and 12 months. 

A further sub-analysis to demonstrate  the ability of the PICaSSO mucosal and PICaSSO 

vascular architectural scores separately in the rectum to predict specified clinical outcomes 

was performed (Supplementary figure 5). There was a significantly increased survival benefit 

without specified clinical  outcomes with a vascular score of 0 vs. ≥1 or mucosal score of <2 

vs. ≥2 at 6 and 12 months .The sigmoid data is shown in Supplementary Figure 6. 

Based on the bootstrap samples the increment in specified clinical outcomes (event rates) of 

MES=1 over MES=0 was significantly greater than increment of events of PICaSSO 4 – 8 over 

PICaSSO ≤3 at 6 months follow-up (p<0.05 for both rectum and sigmoid). The difference 

between MES 0 and 1 is therefore significantly bigger than PICaSSO ≤3 and 4-8.  

In patients with PICaSSO ≤3 (rectum) the specified clinical outcomes at 6 and 12 months 

were 12.7% and 16.8% respectively . This was not significantly different from PICaSSO =0 

(10.8% and 14.8% at 6 and 12 months). In patients with RHI≤3 and no neutrophils the 

specified clinical outcomes events at 6 and 12 months were 11.7% and 15.9% respectively . 

NHI ≤1 rates for specified clinical outcomes events at 6 and 12 months were similar (12.2% 
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and 17.1%). Therefore, PICaSSO and histology specified clinical outcome rates after 

remission were similar. 

 

We also analyzed the weightage of each component of the PICaSSO score (mucosal and 

vascular) by means of multivariate logistic regression in order to predict  specified clinical 

outcome at follow-up, which is shown in supplementary table 2. We note that mucosal 

component I-B (patchy micro-erosion) and vascular component II-B (intra-mucosal bleeding, 

crowded or tortuous superficial vessels with dilatation) contributed relatively less to the 

regression score. 

   

Discussion 

An endoscopic scoring system that accurately encompasses the elements of MH ,namely ER 

and HR is needed. We have reported, for the first time a large prospective multi-center, 

real-life study of the PICaSSO score in UC for assessment of ER and HR. The biopsies were 

taken at the same site of endoscopic assessment and scored by pathologists in a blinded 

fashion. The results show that PICaSSO score correlate strongly with multiple histological 

indices, and the correlation coefficients were statistically superior to both MES (rectum and 

sigmoid) and UCEIS (rectum only); this also applied to the upper end of the endoscopy 

disease spectrum for both MES and UCEIS.  

In this study the PICaSSO score had a rating of  almost perfect  inter-observer agreement, 

which is consistent with our previous study 11. The ICC of PICaSSO was significantly better 

than MES or UCEIS, with less meaningful misclassification rate. We have previously shown 
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that the PICaSSO score could be reproduced in less experienced and trainee endoscopists 

after a short training module 17 

Commonly used endoscopic scores of inflammatory activity in UC are MES and UCEIS; 

however these scores were developed with previous generation of endoscopes and have 

limitations, nor least that these do not truly reflect ER 9 and HR24-26. HR my predict of 

favorable patient outcomes 27-29,  and we have demonstrated that the PICaSSO score of ≤3 

(not only describes endoscopically quiescent disease but is  also associated with HR with a 

high degree of accuracy and low false negative rate. This confirms our recent findings with a 

single operator using multiple endoscopic platforms 10, with clinical and fecal calprotectin 

endpoints30 reinforcing the concept that endoscopic assessment is getting closer to 

histology using current generation endoscopes. VEC is a technology that is widely available 

at a push of a button ,routinely used for better characterization of GI cancers and do not 

require additional time  30,35 

Several studies have shown that even MES 0 was imperfect for providing a  definition of  MH 

as histological inflammatory activity is frequently present 9,10, 26. However, our results in this 

study showed that the  MES =0 and UCEIS ≤1 ,also detected HR. This may be the 

consequence of assessment by HD, experienced operators and training modules prior to 

start of the study. 9, 10,31 32 UCEIS in a previous study reported moderate inter-observer 

agreement 33 and correlated strongly with the NHI and RHI, but this study was  single center, 

single endoscopist and pathologist design 34.  

For an endoscopic score to be useful clinically, a cut-off to indicate likelihood of long-term 

outcome of remission is desirable. We have shown that there is a significant favorable 

outcome of  PICaSSO score ≤3 over higher scores at both 6 and 12 months. In addition, we 
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have demonstrated an outcome benefit of patients with PICaSSO ≤3 vs. PICaSSO 4-8, which 

allows a greater bandwidth when defining ER;  The mucosal and the vascular components of 

the PICaSSO score were independently able to predict outcomes on follow-up.  

MES and UCEIS also performed very well in our study as these were also assessed using HD 

imaging and scored by experienced operators using targeted biopsies . 

The main strengths of the PICaSSO score are the following: strong correlation with all 

histology scores (better than MES and UCEIS) , accurate correlation with HR, excellent 

reliability as demonstrated by its excellent  ICC with lowest misclassification rate, lowest 

false negative rate of PICaSSO≤3 for HR and it can predict accurately outcomes. Targeted  

biopsies contributed to strong endoscopy-histology correlations.10, 30. Specified clinical 

outcome rates were similar for patients in remission by PICaSSO and by RHI or NHI. The 

endoscopy scores performed similarly for outcomes. Of note, specified clinical outcomes 

rates had a larger increase between MES 0 and 1 compared with PICaSSO ≤3 and 4-8, a 

limitation of a 4-point MES and the challenge of considering MES=0 and 1 as endoscopic 

improvement.  

 A future use of the PICaSSO score could be in clinical trials, where precise assessment of 

inflammation and ER from endoscopic videos in central read-out 36 is crucial in determining 

response to novel treatments. Unlike MES which is a composite score with a number of 

descriptors for each score item, PICaSSO mucosal and vascular scoring items each describe a 

single feature, and hence may be suitable for future development of artificial intelligence . A 

summary of the characteristics of PICaSSO against other endoscopic scores is presented in 

Supplementary Table 3. 
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A limitation of the study is the participation of  endoscopists experienced  in optical 

diagnosis. While ,this could be seen as a strength as it allows a better understanding of the 

promise of PICaSSO and VEC, it cannot be assumed the same levels of performance would 

be replicated amongst non-experts and not accustomed to VEC in a real-life setting. 

However, we have previously shown that by using a short training module on PICaSSO, the 

level of performance can be reproduced even in non-expert endoscopists and trainees 17.  

PICaSSO  is compatible with other VEC platforms such as NBI and BLI as shown by us 17, 30. All 

raters underwent refresher training for PICaSSO using a structured and previously validated 

training module and this may have improved performance also for MES and UCEIS, though 

MES, UCEIS and PICaSSO were scored sequentially.17 We did not specify to assess fecal 

calprotectin in this study but we had shown correlation with PICaSSO previously using full 

colonoscopy30  We  also did not follow-up patients using patient reported outcomes  similar 

to others study 7, 37 as symptoms do not relate well to endoscopy and histology. In case of 6- 

(and 12) months follow-up the required sample size was not reached and even though 

initially 307 patients were recruited , only 289 and 270 completed the respective follow-up 

periods. The number of PICaSSO ≤3 and MES=0 patients who completed follow-ups was 

even lower. 

In conclusion, we present a large, real life, prospective multicenter study that shows the first 

VEC PICaSSO is able to  detect ER and HR accurately, and has a strong correlation across the 

range of endoscopy scores with histological activity which is better than the MES and UCEIS 

scores.  PICaSSO should be considered in clinical practice and clinical trials to grade 

endoscopic inflammatory activity and define MH and further prospective studies in the 

context of specific therapies are necessary to assess responsiveness and outcomes. 
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Figure legends: 

 

Figure 1: Composite figure explaining all the endoscopic features of PICaSSO and 

corresponding histology images  

Figure 2. Heatmap demonstrating Pearson correlation between endoscopic and histological 

scores in the rectum for all patients. Red indicates a weaker correlation and white indicates 

stronger correlation  

Figure 3. Receiver operator curves (ROC) for the PICaSSO, UCEIS and MES in predicting 

histological healing a) RHI ≤3 no neutrophils, b) ECAP ≤4, c) Nancy ≤1, d) Geboes ≤1 and e) 

Villanacci 0 

Figure 4. Cox proportional hazard curves in predicting likelihood of specified clinical 

outcomes at 6 months of a) PICaSSO ≤3 (blue) vs. >3 (red) b) UCEIS ≤1 (blue) vs. >1 (red) C) 

MES 0 vs. ≥1 d) MES 0 (blue) vs. MES 1 (red) and e) PICaSSO ≤3 (blue) vs. 4-8 (red) calculated 

in the rectum 

Figure 5 .Cox  proportional hazard curves in predicting likelihood of specified clinical 

outcomes at  12 months of a) PICaSSO ≤3 (blue) vs. >3 (red) b) UCEIS ≤1 (blue) vs. >1 (red) C) 

MES 0 vs. ≥1 d) MES 0 (blue) vs. MES 1 (red) and e) PICaSSO ≤3 (blue) vs. 4-≤8 (red) 

calculated in the rectum 
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Supplementary data: 

Supplementary figure 1. Heatmap demonstrating Pearson correlation between endoscopic 

and histological scores in patients with moderate/severe endoscopic activity in the rectum 

(left heatmap) and in the sigmoid (right heatmap). Red indicates a weak correlation and 

white indicates strong correlation 

Supplementary figure 2. Heatmap demonstrating Pearson correlation between endoscopic 

and histological scores in the sigmoid colon for all patients. Red indicates a weak correlation 

and white indicates strong correlation 

Supplementary Figure 3. Receiver operator curves (ROC) for the PICaSSO, UCEIS and MES in 

predicting histological healing in the sigmoid colon a) RHI ≤3 no neutrophils, b) ECAP ≤4, 

c) Nancy ≤1, d) Geboes ≤1 and e) Villanacci 0 

Supplementary figure 4.  Cox proportional hazard curves in predicting likelihood of specified 

clinical outcomes at  6 months a) PICaSSO ≤3 (blue) vs. >3 (red) b) UCEIS ≤1 (blue) vs. >1 

(red) c) PICaSSO ≤3 (blue) vs. 4--8 (red); and 12 months d) PICaSSO ≤3 (blue) vs. >3 (red) e) 

UCEIS ≤1 (blue) vs. >1 (red) f) PICaSSO ≤3 (blue) vs. 4-8 (red) calculated in the sigmoid colon  

Supplementary figure 5. Cox proportional hazard curves of PICaSSO mucosal score and 

PICaSSO vascular architectural scores predicting specified clinical outcomes at 6 (A and B) 

and 12 months (C and D) in the rectum 

Supplementary figure 6. Cox proportional hazard curves of PICaSSO mucosal score and 

PICaSSO vascular architectural scores predicting clinical   outcomes at 6 (A and B) and 12 

months (C and D) in the sigmoid colon  
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