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Introduction
Endoscopy represents the most reliable and 
widely used approach to objectively assess disease 
activity and endoscopic remission in ulcerative 

colitis (UC).1 Endoscopic remission has emerged 
as a crucial goal to target in the management of 
UC, as it is associated with improved patient out-
comes, including sustained clinical remission, 
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Abstract
Background: Advanced endoscopic technologies led to significant progress in the definition of 
endoscopic remission of ulcerative colitis (UC) and correlate better with histological changes, 
compared with standard endoscopy. However, while studies have assessed the diagnostic 
accuracy of endoscope technologies individually, there are currently limited data comparing 
between technologies. As such, the aim of this systematic review was to pool data from the 
existing literature and compare the correlations between endoscopy and histologic disease 
activity scores across endoscope technologies.
Methods: We searched PubMed and Embase until February 2021 for eligible studies reporting 
the correlation between endoscopy and histology activity scores in UC. Studies were grouped 
by endoscope technology as standard-definition white light (SD-WLE), high-definition white 
light (HD-WLE) or electronic virtual chromoendoscopy (VCE) and comparisons made between 
these groups.
Results: A total of N = 27 studies were identified, of which N = 12 were included in a meta-
analysis of correlations between endoscopic and histological activity scores. Combining these 
studies identified considerable heterogeneity (I2: 89–93%) and returned a pooled correlation 
coefficient (ρ) for the SD-WLE group of 0.74, which did not differ significantly from HD-WLE 
(ρ: 0.65, p = 0.521) or VCE (ρ: 0.70, p = 0.801). In addition, N = 4 studies reported the accuracy 
of endoscopic activity scores on WLE and VCE to diagnose histological remission. Pooling 
these found significantly higher accuracy for VCE, compared with WLE [risk ratio: 1.13, 95% 
confidence interval (CI): 1.07–1.19, p < 0.001].
Conclusion: Activity scores assessed using endoscopy are strongly correlated with activity on 
histology regardless of endoscopic technology. VCE seems to be more accurate in predicting 
histological remission than WLE. However, given the heterogeneity between the included 
studies, head-to-head trials are warranted to confirm these findings.
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resection-free survival and a reduction in the risk 
of colorectal cancer.2–4 For several decades, endo-
scopic remission has been defined using stand-
ard-definition white light endoscopy (SD-WLE), 
but growing data have underlined limitations in 
the evaluation of mucosal and vascular patterns 
using this technique. Moreover, the differences 
between quiescent and mild disease activity are 
often difficult to distinguish, and subtle inflam-
mation can persist when endoscopic remission is 
assessed by white light endoscopy (WLE).5,6 As a 
result, approximately 18–24% of patients with 
endoscopic remission of UC still have some 
degree of histologic inflammation.7 It is unclear 
whether this gap between endoscopic and histo-
logical remission is due to the subjectiveness of 
endoscopic interpretation, which could be 
improved with training or limitations in 
technology.

In light of this, the aim of treatment is increas-
ingly moving to be the achievement of histological 
remission, rather than the endoscopic remission/
improvement that has been the goal in the past. 
This is particularly the case in UC, where histo-
logical remission is a better predictor of clinical 
outcomes, such as corticosteroid-free remission, 
risk of relapse and hospitalization rates.8,9

Recently, there have been improvements in the 
field of WLE, with the introduction of high-defi-
nition endoscopes (HD-WLE). In addition, 
methods of advanced optical diagnosis with elec-
tronic virtual chromoendoscopy (VCE) have also 
been developed, such as narrow band imaging 
(NBI, Olympus, Japan), optical enhancement 
i-SCAN (i-SCAN-OE, Pentax, Japan), Linked 
Colour Image (LCI, Fujifilm) and blue laser 
image (BLI, Fujifilm, Japan). These new tech-
nologies have led to significant progress by pro-
viding better quality imaging to use in the 
assessment of endoscopic healing5,6 (Figure 1). 
As a result, these advanced endoscopic technolo-
gies are increasingly being adopted in routine 
clinical practice.5,6,10 However, although previous 
studies have assessed the accuracy of these tech-
nologies in diagnosing histological remission,8 
there are limited data making direct comparisons 
of diagnostic accuracy between the different tech-
nologies (i.e. SD-WLE versus HD-WLE versus 
VCE).

Accordingly, the rationale of this systematic 
review and meta-analysis was to investigate the 

strength of the correlation between disease activ-
ity assessed on histology and endoscopy, to com-
pare this between different endoscopic 
technologies and to determine the most suitable 
endoscopic modality for assessing disease activity 
in UC. We further investigated the diagnostic 
accuracy of endoscopic techniques, with respect 
to histological remission in UC.

Methods

Study design
This was a systematic review and meta-analysis of 
studies that assessed endoscopic and histological 
remission in UC using disease activity scores and 
reported either correlation or predictive accuracy 
data. Randomized controlled studies and pro-
spective or retrospective cohort studies were 
included. Endoscopic techniques included 
SD-WLE, HD-WLE and VCE, with the latter 
comprising methods, including NBI, i-SCAN, 
LCI and BLI. Studies using other technologies, 
including artificial intelligence (AI), confocal 
laser endomicroscopy (CLE) and endocytoscopy 
(EC), were also included. The systematic review 
was prospectively registered (PROSPERO ID 
CRD42020202295) and complies with the 
Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) statement.11,12 
Ethical approval was not required for this system-
atic review.

Search criteria
A literature search using PubMed and Embase 
databases from inception until February 2021 was 
undertaken by four independent reviewers 
(O.M.N., Y.S., N.L. and R.C.). The search used 
the following terms: ‘Inflammatory bowel dis-
eases’ OR ‘ulcerative colitis’ AND ‘mucosal heal-
ing’ OR ‘remission’ OR ‘endoscopic remission’ 
OR ‘no activity’ OR ‘no inflammation’ AND ‘his-
tological remission’ OR ‘histological healing’ OR 
‘endoscopic activity’ OR ‘inflammation’ AND 
‘high definition’ OR ‘white light endoscopy’ OR 
‘NBI’ OR ‘i-SCAN’ OR ‘LCI’ OR ‘standard defi-
nition’ OR ‘endocytoscopy’ OR ‘confocal laser 
endomicroscopy’ OR ‘artificial intelligence’. We 
selected randomized controlled trials, and pro-
spective or retrospective cohort studies, and 
excluded duplications, abstracts, studies enrolling 
patients aged < 18 years, without histology assess-
ment and studies enrolling patients with Crohn’s 
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disease (CD). In addition, studies were also 
excluded if they did not provide adequate data for 
the determination of correlation between, or accu-
racy of, endoscopic versus histological activity. We 
did not consider articles in languages other than 
English. Any discrepancies were resolved through 
consensus among the reviewers.

Data extraction
For each study, we collected data for the follow-
ing parameters: author, journal, country, year of 
publication, study design, total number of 
patients, endoscopic techniques and the activity 
scores used to define endoscopic and histological 
remission. The type of correlation coefficient 
used to quantify the association between the 
endoscopic and histological activity scores and 
the resulting statistics were then collected for 
each study. In addition, for those studies that 
assessed the ability of endoscopy to diagnose his-
tological remission, the definition of histological 

remission used, along with the percentage accu-
racy, was extracted.

Risk of bias for the included studies was assessed 
using the QUADAS-2 tool, which comprised four 
domains: patient selection, index test (i.e. endo-
scopic activity score), reference standard (i.e. his-
tological activity score), and flow and timing.13 
Risk of bias was rated low if patient selection was 
clear and avoided inappropriate exclusions; if 
endoscopic and histological scores were a reason-
able choice, and applied correctly, with research-
ers blinded to histology when performing 
endoscopic scoring (and vice versa) and if exclu-
sions of patients after the commencement of the 
study were avoided. In addition, any potential 
conflicts of interest were noted.

Statistical methods.  Correlation coefficients were 
pooled using the ‘metacor’ package in R. This 
applies a Fisher’s Z-transformation to the coeffi-
cients, then estimates the variance and pools 

Figure 1.  (a–f) Quiescent ulcerative colitis (UC) assessed by (a) HD-white light endoscopy; (b) i-SCAN modes 2; (c) HD-white light 
endoscopy; (d) Narrow banding imaging (NBI); (e) Linked colour imaging (LCI); (f) Blue light imaging (BLI). (g–l) Mild inflammation 
assessed by (g) HD-white light endoscopy; (h) i-SCAN modes 2; (i) HD-white light endoscopy; (j) NBI; (k) LCI; (l) BLI. 
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studies using a DerSimonian–Laird random-
effects meta-analysis model. To compare between 
pairs of endoscopy technologies, the Z-trans-
formed coefficients from each study were then 
entered into a random-effects meta-regression 
model, with the endoscopy technology used as a 
binary covariate. The first analysis pooled those 
studies reporting either Spearman’s ρ or Pear-
son’s r coefficients. Studies reporting Kendall’s τ 
were analysed separately since the values of this 
statistic tend to be smaller than those for ρ/r.14

The accuracy of endoscopic techniques, relative 
to histology, was then pooled across studies. The 
majority of included studies had reported results 
for both WLE and VCE on the same set of cases. 
As such, a paired analysis was performed for these 
studies, where the risk ratio for VCE versus WLE 
was calculated for each study and pooled using a 
random-effects Mantel-Haenszel model. As a 
sensitivity analysis, an unpaired analysis was also 
performed, which additionally allowed those 
studies that only assessed a single endoscopic 
technique to be included. This used a meta-
regression model to pool the log-odds across 
studies and compare these between WLE and 
VCE. Analyses were performed using R version 
4.0.5, Stata 14 (College Station, TX: StataCorp 
LP.) and Review Manager 5.3, and p < 0.05 was 
classified as statistically significant throughout.

Results

Characteristics of studies
The search strategy yielded a total of 593 poten-
tial articles, of which 91 remained after initial 
screening. Bibliographic review of these articles 
identified a further nine studies, which were 
additionally considered, resulting in 100 free-
text articles being assessed for eligibility. Of 
these, a total of 27 studies met the inclusion cri-
teria of the study and were included in the quali-
tative analysis (Figure 2). Details of these 
included studies are reported in Tables 1 and 2. 
Dates of publication ranged from 2010 to 2021, 
and the studies comprised a total of N = 4257 
pairs of endoscopic and histological activity 
assessments.

Risk of bias
Risk of bias assessment (Supplementary Table 1) 
found potential patient selection bias in several 

studies, with eight studies16,19–21,28,29,34,35 only 
including patients in clinical/endoscopic remis-
sion, two37,39 only including those in clinical exac-
erbation and one38 only including those referred 
for routine surveillance. Assessment of the index 
test and reference standard found that the major-
ity of studies did not explicitly state whether the 
researcher performing the histological assessment 
had been blinded to the result of the endoscopic 
activity score or vice versa. In addition, one 
study26 used activity scores that had not been vali-
dated. Risk of bias due to flow and timing was 
minimal, with a single study not performing biop-
sies on all included patients.40 Finally, five stud-
ies25,27,30,34,42 reported receiving support from 
manufacturers, which could have resulted in con-
flicts of interest.

Studies included in quantitative review
Of the 27 studies that met inclusion criteria of the 
review, 10 studies32–41 were excluded from the 
quantitative review (Table 2). Of these, two32,33 
reported correlations between endoscopic and 
histological activity scores using Kappa statistics, 
which could not be readily pooled, with a further 
study34 not reporting either a correlation coeffi-
cient or a measure of diagnostic accuracy. The 
remaining seven studies35–41 used endoscope 
technologies that were assessed by too few studies 
to meaningfully pool the results (EC, CLE and 
AI); hence, these were analysed descriptively in 
the qualitative review.

The 17 studies included in the qualitative review 
are reported in Table 1. Of these, 12 stud-
ies15–17,19–24,26,28,30,31 reported the correlation 
between endoscopic and histological scores using 
either Spearman’s ρ or Pearson’s r coefficients, 
whilst four studies18,22,25,29 used Kendall’s τ coeffi-
cients. In addition, six studies22,25–28,31 reported the 
accuracy of endoscopic technologies for the pre-
diction of the presence of remission on histology.

Spearman’s ρ correlations between  
endoscopic and histological activity scores
Of the 1215–17,19–21,23,24,26,28,30,31 studies reporting 
associations between endoscopic and histological 
activity scores using ρ or r coefficients, 3 stud-
ies28,30,31 reported outcomes for two different 
endoscope technologies, giving 15 records for 
analysis (Table 3). Of these, Kanmura et  al.31 
stated that the correlation between endoscopic 

https://journals.sagepub.com/home/tag
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and histologic activity scores when using 
HD-WLE was nonsignificant but did not report 
the corresponding coefficient; hence, this study 
was excluded from the analysis of HD-WLE. The 
remaining studies were then divided by the endo-
scopic technology used, namely SD-WLE (three 
studies,15–17 N = 268), HD-WLE (six stud-
ies,19–21,23,28,30 N = 756) and VCE (five stud-
ies,24,26,28,30,31 N = 566).

The studies of WLE almost exclusively used the 
Mayo Endoscopic Subscore (MES), which quan-
tifies disease activity on a four-point scale from 
‘normal/inactive’ to ‘severe’.43 The remaining WLE 
study17 used the Ulcerative Colitis Endoscopic 
Index of Severity (UCEIS), which scores the vas-
cular pattern, bleeding and erosions/ulcers on 
separate Likert-type scales and adds these 
together to give a score in the range 0–8.44 Studies 

of VCE generally used i-SCAN, with the 
PICaSSO score to quantify activity on endos-
copy. The latter score assesses the mucosal and 
vascular architecture separately, with each being 
quantified using Likert-type scales on four 
domains, which are added to yield an overall 
score in the range 0–9 for mucosal architecture 
and 0–6 for vascular pattern.25,28,30 One study30 
using the PICaSSO score reported correlations 
with the mucosal and vascular scores separately, 
rather than for the overall score; the mean of the 
correlation coefficients for these two scores was 
used in this meta-analysis.

The histological activity scores used by the 
included studies were more variable, with the 
most common being the Geboes score, which 
classifies the degree of inflammation in a 6-point 
scale from ‘structural change only’ to ‘erosions/

Figure 2.  PRISMA flow diagram.
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ulcers’.45 The Robarts Histopathology Index 
(RHI) was also frequently used, particularly in 
the VCE studies. This quantifies the involvement 
of epithelial neutrophils, increase in lamina pro-
pria neutrophils, degree of chronic inflammatory 
cell infiltrate and severity of erosion/ulceration on 
separate Likert-type scales (range: 0–3), which 
are then combined with a weighted sum, to give a 
score in the range 0–33.46

Pooling the correlation coefficients across studies 
found considerable heterogeneity, with I2 statis-
tics ranging from 89% to 93% [Figure 3(a)]. The 

pooled correlation coefficients between endo-
scopic and histological scores did not differ sig-
nificantly between SD-WLE and HD-WLE (0.74 
versus 0.65, p = 0.521). The pooled correlation 
coefficient for VCE was 0.70, which was not 
found to differ significantly from either SD-WLE 
(p = 0.801) or HD-WLE (p = 0.674).

Kendall’s τ correlations between  
endoscopic and histological scores
A further four18,22,25,29 studies reported correla-
tions between endoscopic and histological activity 

Table 1.  Characteristics of studies included in meta-analysis.

Study (year) Study design Country N Endoscope technology Activity scores Endoscopy versus histology

  WLE Advanced Endoscopic Histological Correlation 
coefficient

Accuracy 
assesseda

Fluxá et al.15 Prospective Chile 91 SD – MES Geboes Spearman’s –

Frieri et al.16 Prospective Italy 52 SD – MES Gupta Spearman’s –

Irani et al.17 Prospective UK 125 SD – UCEIS NI, RHI Spearman’s –

Lemmens et al.18 Retrospective Belgium 263 NAb – MES Geboes Kendall’s –

Lobatón et al.19 Prospective Belgium 96 HD – MES Geboes Spearman’s –

Osterman et al.20 Prospective USA 101 HD – MES Total Riley Spearman’s –

Rosenberg et al.21 Prospective USA 103 HD – MES Geboes Spearman’s –

Simsek et al.22 Retrospective Turkey 109 NAb – EAI HSS Kendall’s Yes

Kim et al.23 Retrospective Korea 82 HD – MES Geboes Spearman’s –

Iacucci et al.24 Retrospective Canada 78 – i-SCAN i-SCAN NYMS Spearman’s –

Iacucci et al.25 Retrospective Multicentre 160 HD i-SCAN MES, 
PICaSSO

RHI Kendall’s Yes

Iacucci et al.26 Prospective Canada 41 HD i-SCAN MES, 
i-SCAN-OE

RHI Spearman’s Yes

Iacucci et al.27 Prospective Canada 82 HD i-SCAN MES, 
PICaSSO

RHI –c Yes

Iacucci et al.28 Prospective Multicentre 302 HD i-SCAN MES, 
PICaSSO

RHI Pearson’s Yes

Honzawa et al.29 Retrospective Japan 15 HD i-SCAN MES Geboes Kendall’s –

Trivedi et al.30 Retrospective Multicentre 72 HD i-SCAN PICaSSO NYMS Spearman’s –

Kanmura et al.31 Prospective Japan 73 HD LCI MES Geboes Spearman’s Yes

EAI, Rachmilewitz endoscopic activity index; HD, high definition; HSS, Harpaz histopathological activity scoring system; MES, Mayo Endoscopic Score; NI, Nancy Index; 
NYMS, New York Mount Sinai Score; PICaSSO, Paddington International virtual ChromoendoScopy ScOre; RHI, Robarts Histopathology Index; SD, standard definition; 
UCEIS, Ulcerative Colitis Endoscopic Index of Severity; WLE, White light endoscopy.
aIndicates those studies that assessed the predictive accuracy of a dichotomized endoscopic activity score to predict the presence of activity on histology.
bThe study stated that WLE was used, but it was unclear whether this was SD or HD.
cThe study was designed specifically to assess the ability of endoscopy to identify patients in clinical remission, and so they did not report a correlation coefficient.
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scores using Kendall’s τ coefficients, which were 
analysed separately (Table 3). All of these studies 
used WLE for endoscopy, with one study addi-
tionally reporting outcomes for VCE.25 
Combining the studies of WLE returned a pooled 
Kendall’s correlation coefficient of 0.48, with 
considerable heterogeneity detected (I2 = 76%). 
The single study25 of VCE reported a Kendall’s τ 
of 0.53 – this did not differ significantly from the 
pooled total for WLE (p = 0.768)

Accuracy of endoscopic scores  
versus histological remission
A total of six22,25–28,31 studies either reported the 
accuracy of endoscopy for the prediction of histo-
logical remission or gave sufficient data for this to 
be calculated (Table 4). Of these, two studies22,25 
only reported accuracy data for one of the endo-
scope technologies and so were not included in 

the main analysis. The remaining four26–28,31 
studies that reported data for both WLE and 
VCE assessed a total of N = 498 cases. The histo-
logical scores used were either RHI or Geboes, 
while endoscopic scores were either MES or 
WLE-b for WLE, with either PICaSSO or 
i-SCAN-OE used for i-SCAN and LCI-b for 
LCI. Pooling these studies found the accuracy of 
endoscopy in the prediction of histological remis-
sion to be significantly higher for VCE than for 
WLE [p < 0.001, Figure 3(b)], with a risk ratio of 
1.13 (95% CI: 1.07–1.19). This effect was con-
sistent across studies, with negligible heterogene-
ity detected (I2 = 0%).

A sensitivity analysis then was repeated using all 
six studies,22,25–28,31 using a meta-regression 
approach that did not account for the pairing. 
This analysis of 1265 cases returned a pooled 
odds ratio for VCE versus WLE of 1.48 (95% CI: 

Table 2.  Characteristics of studies only included in qualitative review.

Study Study design Country Endoscope technology Activity scores Endoscopy versus 
histology

Reason for 
exclusionb

N WLE Advanced Endoscopic Histological Correlation 
coefficient

Accuracy 
assesseda

Shah et al.32 Prospective India 96 SD-WLE – MES Geboes Kappa – A) N/A 
Correlation

Christensen et al.33 Retrospective USA 646 SD-WLE – MES Modified
Riley

Kappa – A) N/A 
Correlation

Uchiyama et al.34 Prospective Japan 52 HD-WLE LCI MES Matts’ 
histopathological 
grade

– – B) No 
Correlation or 
Accuracy

Nakazato et al.35 Retrospective Japan 64 HD-WLE EC MES Geboes – Yes C) Technology

Hundorfean et al.36 Prospective Germany 23 HD-WLE CLE MES eMHS Pearson’s – C) Technology

Karstensen et al.37 Prospective Denmark 29 HD-WLE CLE MES Several CLE 
parameters

Spearman’s – C) Technology

Li et al.38 Prospective China 73 HD-WLE CLE MES Several CLE 
parameters

Spearman’s – C) Technology

Bossuyt et al.39 Prospective Belgium/ 
Japan

29 HD-WLE AI (RD) Not reported RHI Spearman’s – C) Technology

Maeda et al.40 Retrospective Japan 525c HD-WLE AI using EC MES Geboes – Yes C) Technology

Takenaka et al.41 Prospective Japan 875 SD/HD-
WLE

AI UCEIS Geboes Kappa Yes C) Technology

HD, High definition; SD, Standard definition; WLE, White light endoscopy.
aIndicates those studies that assessed the predictive accuracy of a dichotomized endoscopic activity score to predict the presence of activity on histology.
bThe reason that the study was excluded from the meta-analysis, classified as (A) the correlation coefficient reported (kappa) could not be pooled in meta-
analysis; (B) no correlation coefficient or accuracy assessment was reported or (C) too few studies assessed the endoscope technology for meta-analysis to 
be possible.
cN represents the number of segments assessed.
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Table 3.  Comparison of correlations between endoscopic and histological scores by endoscope technology.

Study Technology Endoscopic score Histological score N Correlation coefficient 
(95% CI)

Standard white light (ρ)

Fluxá et al.15 SD-WLE MES Geboes 91 0.67 (0.54–0.77)

Frieri et al.16 SD-WLE MES Gupta 52 0.61 (0.40–0.76)

Irani et al.17 SD-WLE UCEIS RHI 125 0.86 (0.81–0.90)

Pooled SD-WLE (ρ) N = 268; I2 = 89% 0.74 (0.52–0.87)

High-definition white light (ρ)

Rosenberg et al.21 HD-WLE MES Geboes 103 0.65 (0.52–0.75)

Kim et al.23 HD-WLE MES Geboes 82 0.77 (0.66–0.85)

Lobatón et al.19 HD-WLE MES Geboes 96 0.27 (0.07–0.45)

Kanmura et al.31 HD-WLE MES Geboes 73 ns b

Trivedi et al.30 HD-WLE MES NYMS 72 0.88 (0.81–0.92)

Osterman et al.20 HD-WLE MES Total Riley 101 0.35 (0.17–0.51)

Iacucci et al.28 HD-WLE MES RHI 302 0.68 (0.61–0.74) a

Pooled HD-WLE (ρ) N = 756 b; I2 = 93% 0.65 (0.45–0.78)

VCE (ρ)

Iacucci et al.24 i-SCAN i-SCAN NYMS 78 0.65 (0.50–0.76)

Iacucci et al.26 i-SCAN i-SCAN-OE RHI 41 0.61 (0.37–0.77)

Trivedi et al.30 i-SCAN PICaSSOc NYMS 72 0.90 (0.84–0.94) c

Kanmura et al.31 LCI LCI-a Geboes 73 0.36 (0.14–0.54)

Iacucci et al.28 i-SCAN PICaSSO RHI 302 0.77 (0.72–0.81) a

Pooled VCE (ρ) N = 566; I2 = 91% 0.70 (0.50–0.83)

White light (τ)

Lemmens et al.18 WLE MES Geboes 263 0.48 (0.38–0.57)

Simsek et al.22 WLE EAI HSS 109 0.27 (0.09–0.44)

Iacucci et al.25 HD-WLE MES RHI 160 0.62 (0.51–0.71)

Honzawa et al.29 HD-WLE MES Geboes 15 0.54 (0.03–0.82)

Pooled WLE (τ) N = 547; I2 = 76% 0.48 (0.32–0.62)

VCE (τ)

Iacucci et al.25 i-SCAN PICaSSO RHI 160 0.53 (0.42–0.63)

Pooled VCE (τ) N = 160; I2 = N/A 0.53 (0.42–0.63)

EAI, Rachmilewitz endoscopic activity index; MES, Mayo Endoscopic Score; ns, nonsignificant; NYMS, New York Mount Sinai Score; PICaSSO, 
Paddington International virtual ChromoendoScopy ScOre; RHI, Robarts Histopathology Index; UCEIS, Ulcerative Colitis Endoscopic Index of 
Severity.
Correlations are between the endoscopic and histological scores and are reported as Spearman’s (ρ) or Kendall’s (τ) coefficients, unless 
stated otherwise. Confidence intervals (CIs) for individual studies were calculated based on the correlation coefficient and sample size. 
Pooled correlation coefficients are from DerSimonian–Laird random-effect meta-analysis models, as described in the statistical methods. 
Analyses were performed separately for Spearman’s and Kendall’s correlation coefficients.
aPearson’s r correlation coefficient.
bThe study reported the correlation to be nonsignificant, but did not report a coefficient; hence, this was excluded from the meta-analysis 
and was not included in the total N.
cThe study assessed the mucosal and vascular scores separately; hence, the mean of the coefficients was used for analysis.
The bold aimed to highlight the results of pooled correlation  of the studies.
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0.58–3.77), which was equivalent to a risk ratio of 
1.10. However, due to considerable heterogeneity 
(I2 = 89%), this was not found to be statistically 
significant (p = 0.417).

In addition to assessing overall accuracy, the sen-
sitivity and specificity of endoscopy for the pre-
diction of histological remission were also 
assessed. None of the studies explicitly reported 
the underlying numerators and denominators for 
these statistics; however, there was sufficient 
information to derive these values for three stud-
ies.27,28,31 Pooling these studies found the sensitiv-
ity for the prediction of histological remission to 
be significantly greater in VCE compared with 
WLE (risk ratio: 1.19; 95% CI: 1.06–1.34; 
p = 0.004), with no significant difference in speci-
ficity (risk ratio: 0.96; 95% CI: 0.89–1.05, 
p = 0.39). Further details of this analysis are 
reported in Supplementary Table 2.

Qualitative review
Overall, 10 studies32–41 were excluded from the 
meta-analysis, most commonly due to using het-
erogeneous endoscopic technologies, including 
AI studies [using different techniques, such as EC 
and red density (RD) and those using CLE]. The 
AI studies reported good correlation39 and high 
accuracy rates40,41 for the evaluation of histologi-
cal inflammation and remission in UC. CLE 
studies36–38 reported comparably high accuracy 
rates of over 90% in the diagnosis of histological 
remission and had similar performance to histol-
ogy for predicting disease relapse.

Discussion
Over the last few years, there has been an increas-
ing interest in striving to achieve the more ambi-
tious goal of histologic remission, rather than 
endoscopic remission in UC. A recent meta-anal-
ysis has shown that the persistence of histological 
activity is associated with twofold increase in 
relapse in patients with UC,47 posing the idea that 
histological healing could be included in the defi-
nition of ‘deep remission’. Nevertheless, 
STRIDE-II,48 an update on the selection of ther-
apeutic targets in IBD, did not include histologi-
cal remission as a formal treatment target. 
Consistent with this, a recent consensus expert 
panel convened by the European Crohn’s and 
Colitis Organization (ECCO)49 established that 
there is currently limited evidence that 

histological activity in patients with UC who are 
in endoscopic remission has an impact on the 
need for treatment escalation or biologic ther-
apy.48 However, the combination of histologic 
and endoscopic improvement has been proposed 
to be the ultimate endpoint, with the achievement 
of histo-endoscopic mucosal healing being more 
strongly associated with clinical remission, 
reduced risk of relapse and corticosteroid-free 
remission in the long-term, compared with either 
histologic or endoscopic improvement alone.50 

Figure 3.  (a) Forest plot of correlation coefficients by scope technology. 
Further details of the studies are reported in Table 3. (b) Forest plot of 
endoscopic score accuracy by scope technology. Further details of the 
studies are reported in Table 4.
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Thus, in recent clinical trials, a composite endo-
scopic-histologic outcome has been used as a tar-
get to assess response to therapy and will continue 
to be explored.50–52

Past attempts to correlate endoscopic activity 
with histology have shown variable results. The 
likely reason is that conventional WLE is not 
explicitly designed to evaluate endoscopic remis-
sion and, consequently, the magnitude of subtle 
patchy inflammation with mucosal and vascular 
changes can be easily underestimated using WLE. 
Discrepancy between endoscopic and histological 
assessment of remission may also be explained by 
random sampling heterogeneity, patchiness of 
healing, lack of standardizing biopsy collection 
protocols, lack of harmonization of endoscopic 
and histological activity scores, and inconsistency 
in the thresholds deemed to be indicative of histo-
logic response.53

The advent of new endoscopic technologies has 
facilitated the characterization of mucosal and 
vascular features, which may give assessments of 
disease activity that are closer to those produced 
by histology.6 Thus, we aimed to determine 

whether advanced endoscopic technologies cor-
relate better with histology than WLE and to 
examine the diagnostic accuracy of VCE versus 
WLE in predicting histological remission. In our 
meta-analysis and synthesis of data from 17 stud-
ies, we report a few key observations. We found a 
strong correlation between endoscopy and histol-
ogy activity scores for both WLE and VCE, 
although no significant difference between endo-
scopic technologies was observed. However, 
when specifically assessing the ability of endos-
copy to diagnose histological remission, VCE was 
found to be significantly superior to WLE, par-
ticularly with respect to sensitivity. The disparity 
between the findings of analyses of correlation 
and diagnostic accuracy may indicate that, while 
VCE does not improve the ability to quantify the 
exact magnitude of disease activity, compared 
with WLE, it is superior at differentiating between 
patients in histological exacerbation versus histo-
logical remission. The systematic review also 
identified additional studies using more novel 
technologies, including AI and CLE. While for-
mal meta-analysis of these studies was not possi-
ble, qualitative review suggested that these 
technologies also showed strong correlation with 

Table 4.  Comparison of endoscopic score accuracy to predict histological remission between WLE and VCE.

Study N Endoscopic score (cut-off) 
 

Histological 
score
(cut-off)

Accuracy 
 

Risk ratio
(95% CI)

  WLE VCE WLE VCE

Simsek et al.22 109 EAI (⩽3) - HSS (0) 84/109 (77%) b - N/A

Iacucci et al.25 160 - PICaSSO (N/A a) RHI (N/A a) - 115 c /160 (72%) N/A

Iacucci et al.26 41 MES (NR) i-SCAN OE (NR) RHI (NR) 22 c /41 (54%) 28 c /41 (68%) 1.27 (0.89–1.81)

Kanmura et al.31 73 WLE-b 
(<38.5)

LCI-b (<19.9) Geboes (⩽2) 45 c /73 (62%) 47 c /73 (64%) 1.04 (0.81–1.34)

Iacucci et al.27 82 MES (0) PICaSSO (⩽4) RHI (⩽3) 70 c /82 (85%) 75 c /82 (91%) 1.07 (0.96–1.20)

Iacucci et al.28 302 MES (0) PICaSSO total (⩽3) RHI (⩽3 d) 239 c /302 
(79%)

275 c /302 (91%) 1.15 (1.08–1.23)

Pooled Difference N = 498 pairs; I2 = 0% 1.13 (1.07–1.19)

N/A, not applicable; NR, not reported.
Studies were pooled using a random-effects Mantel-Haenszel model.
aNo cut-off was used, with accuracy instead representing the proportion of times that a regression model with the endoscopic score as a covariate 
correctly predicted the histological score.
bAccuracy was not directly reported by the study but was calculated based on tabulated data.
cNumerators were not explicitly stated by the study hence were estimated from the denominator and the percentage accuracy.
dPlus absence of neutrophils.
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histological assessments. These results provide 
the basis for implementing modern endoscopic 
tools to replace the use of random tissue samples 
with targeted biopsies in the assessment of disease 
activity.

Our study has several strengths. To our knowl-
edge, this is the first meta-analysis to compare 
VCE with SD-WLE and HD-WLE for assessing 
correlations between endoscopic activity scores, 
and both histological activity and remission. 
Furthermore, we included the studies using the 
most recent VCE endoscopic technologies and 
scoring systems.28 However, we acknowledge cer-
tain limitations of this work, chief among which 
was the heterogeneity in the designs and report-
ing of the included studies. The included studies 
used a variety of different endoscopic and histo-
logical activity scores and compared between 
these using a range of different correlation coeffi-
cients (e.g. Spearman’s ρ, Pearson’s r, Kendall’s 
τ, and kappa). If we had only performed analyses 
strictly comparing like-with-like, then it would 
not have been possible to perform any meaningful 
analysis, as this would result in a large number of 
subgroups with insufficient within-group sample 
sizes. Consequently, compromises had to be 
made, in which studies using different activity 
scores were combined in the same analysis. In 
addition, the VCE platforms were combined into 
a single group for analysis, although we acknowl-
edge that nuances are likely to exist between the 
different manufacturer platforms. Combining the 
activity scores and VCE platforms in this way was 
likely a contributor to the considerable heteroge-
neity observed when pooling the correlation coef-
ficients, which will have resulted in lower 
statistical power. In addition, bias assessment 
indicated that several of the studies had selected 
only those patients who were either in clinical 
remission or clinical exacerbation. It has previ-
ously been demonstrated that correlation between 
endoscopy and histology is stronger in the 
extremes of disease activity (e.g. MES 0 and MES 
3).18,23 As such, by only including patients in 
these extremes, the findings of these studies may 
not have been generalizable to the UC population 
as a whole, which may have further exacerbated 
the observed heterogeneity. Finally, even with the 
more lenient criteria used when selecting studies 
for inclusion in the meta-analysis models, it was 
not possible to meaningfully include some studies 
in the primary analysis (e.g. those reporting 

Kendall’s τ or Kappa coefficients); hence, the 
findings of these studies were not incorporated 
into the pooled totals.

In conclusion, in this first systematic review and 
meta-analysis of all currently available studies 
correlating endoscopic and histological activity, 
we found that both VCE and WLE are strongly 
correlated with histology, and that VCE offers 
better diagnostic accuracy for the evaluation of 
histological remission in UC. In this era, where 
treatment goals are being redefined, our findings 
give some evidence to support the wider adop-
tion of VCE in routine practice of UC endos-
copy, as the technology is standard in all of the 
current generation of endoscopes. However, due 
to the current significant heterogeneity, further 
studies are warranted to validate these findings 
and allow for more accurate comparisons 
between endoscopic techniques. In particular, 
high-quality head-to-head studies comparing 
between endoscopic techniques, either using 
paired assessments or randomizing cases to the 
different technique, would be preferable, as 
these would minimize the impact of between-
centre variability. In addition, further research 
into the optimal endoscopic and histological 
activity scores would be useful, with a view to 
standardize the scores used in both clinical prac-
tice allowing uniform reporting to predict 
outcomes.
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