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Background:  The usefulness of second-generation colon capsule endoscopy (CCE-2) for ulcerative colitis (UC) has not been fully demon-
strated. This study aimed to develop an endoscopic severity score of UC for CCE-2.

Methods:  Patients diagnosed with UC were enrolled prospectively and underwent colonoscopy and CCE-2 on the same day. The collected 
CCE-2 videos were adopted for the development of the score. These videos were scored by 4 blinded inflammatory bowel disease experts. The 
items validated with the Ulcerative Colitis Endoscopic Index of Severity (UCEIS) were used as the candidate items, some of which were automat-
ically assessed using the workstation. Each item was divided into proximal and distal parts at the splenic flexure and then individually assessed. 
The image readers simultaneously evaluated the inflammation severity using the visual analog scale (VAS). The descriptors that contribute to this 
scale were evaluated, and a model to predict the VAS was constructed. The UCEIS was scored by other endoscopists using colonoscopy videos. 
The correlation coefficients with fecal calprotectin, blood tests, and Lichtiger index were calculated.

Results:  The final scoring system was fixed as “vascular pattern sum (proximal + distal) + bleeding sum + erosions and ulcers sum (minimum–
maximum, 0–14)” and was named Capsule Scoring of Ulcerative Colitis (CSUC). The correlation coefficient of CSUC with biomarkers and 
clinical score was similar to that of the UCEIS.

Conclusions:  We developed a new simple score using the 3 descriptors of CCE-2.
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INTRODUCTION
The clinical evaluation of ulcerative colitis (UC) is often 

investigated by performing a colonoscopy based on the dif-
fuse extension of mucosal damage, severity of erosion, and/or 
ulcer. Because patients with UC are reported to have a favor-
able prognosis when mucosal healing has been confirmed,1, 2 
confirmation of mucosal healing using colonoscopy is crucial 
for UC patients. Thus, colonoscopy is an essential examin-
ation; however, when severe inflammation occurs in the colon, 

observing the entire colon or performing colonoscopy itself  
from the perspective of safety is impossible in some cases, such 
as pain and risk of perforation.

Capsule endoscopy (CE) allows for noninvasive observation 
of the intestinal mucosa, and second-generation colon capsule 
endoscopy (CCE-2) is widely used for colon cancer screening.3 The 
usefulness of CCE-2 with regard to the surveillance of colonic pol-
yps has been demonstrated.4 However, a limited number of studies 
have reported its usefulness with regard to UC alone.5, 6
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Hosoe et al.7 conducted clinical studies using CCE-2 in 
patients with UC and reported its safety and efficacy. A colon 
preparation method was performed using a reduced total dose 
of laxative for patients with UC.8 In these studies, a difference in 
visibility was noted between CCE-2 and colonoscopy findings. 
The findings were considered to be affected by the differences in 
the observation conditions between colonoscopy and CCE-2, 
such as the presence or absence of air insufflation. Therefore, 
assessing the results of tests performed using the CCE-2 based 
on the existing colonoscopy score is considered inappropriate, 
and developing a new endoscopic severity assessment score for 
CCE-2 is necessary.

For colonoscopy, various scoring systems to evaluate UC 
inflammation have been reported.9–14 However, many of the 
scoring systems are used without validation.15 The Ulcerative 
Colitis Endoscopic Index of Severity (UCEIS) is 1 of the scor-
ing systems that have been developed in a statistically systematic 
manner16 and validated in a later study.17 Due to its high repro-
ducibility, the UCEIS is widely used to assess UC inflamma-
tion, and its usefulness has been reported.17–19 The aim of this 
study was to develop, using a statistically systematic method, 
a new endoscopic severity assessment score of UC for CCE-2 
utilizing a part of the development method for the UCEIS.

METHODS

Study Design
This prospective multicenter study was conducted at the 

Keio University Hospital, Kitasato University Kitasato Institute 
Hospital, Tokyo Medical and Dental University Medical 
Hospital, Toho University Medical Center Sakura Hospital, 
and Ofuna Chuo Hospital. After approval was obtained from 
the ethics committee of each study site, the present study 
was registered, as required, with the registry endorsed by the 
International Committee of Medical Journal Editors (UMIN 
ID000005107). Written informed consent was obtained from all 
patients. This study consisted of 2 phases. Eligible patients had 
a histologically confirmed diagnosis of UC. Excluded patients 
had contraindications for small bowel capsule20 and/or were 
allergic to the bowel preparation materials. In phase 1, patients 
with UC were prospectively enrolled to develop a new endo-
scopic severity assessment score of UC for CCE-2. In phase 2, 
using the score, additional patients were further enrolled pro-
spectively, and the score was validated to determine whether 
it could evaluate the clinical condition of patients with UC. 
This paper reports the results of phase 1. Phase 1 consisted of 2 
parts. In phase 1-1, 40 patients diagnosed with UC were enrolled 
prospectively and underwent colonoscopy and CCE-2 on the 
same day to collect colonoscopy videos and CCE-2 videos. The 
collected CCE-2 videos were used in the development of the 
score, except for those that failed to capture the entire colon 
(when total colon observation was not possible with CCE-2) 
or those with a poor colon preparation. Of the 4-point grading 

scale (poor, fair, good, and excellent) reported by Leighton 
et al.,21 the cleansing level of poor,8 which is inappropriate for 
the assessment of UC inflammation, was adopted as the defin-
ition of poor colon preparation. The CCE-2 videos were scored 
by 4 blinded inflammatory bowel disease experts (T.O., M.H., 
K.M., and N.Y.). Because assessment of more items than col-
onoscopy using the CCE-2 was considered difficult, the items 
validated with the UCEIS were used as the candidate items 
(descriptors) for the score. Moreover, the items to be automat-
ically assessed using the workstation were also adopted as the 
criteria for the score (Table 1). Each descriptor was divided into 
proximal and distal parts at the splenic flexure and then individ-
ually assessed (Fig. 1). With “completely normal” assumed as 0 
and “worst ever seen” as 100, the image readers simultaneously 
evaluated the inflammation severity of the entire colon from the 
CCE-2 videos using the visual analog scale (VAS). Meanwhile, 
with regard to the colonoscopy videos, 2 expert endoscopists 
(N.H. and T.Ko.) independently assessed the UCEIS of both 
the proximal and distal parts. After completion of scoring all 
the videos, when the colonoscopy assessment of the 2 experts 
differed, consensus was reached after mutual discussion, and 
the result was used as the gold standard. Fecal calprotectin 
and blood levels of hemoglobin, white blood cell (WBC), and 
C-reactive protein (CRP) of the enrolled patients were meas-
ured. The background and clinical scores (Lichtiger index) of 
the patients were also collected. Fecal calprotectin assay was 
performed by Thermo Fisher Scientific (Tokyo, Japan), and cal-
protectin was measured after blinding to the clinical and endo-
scopic profiles. The results of fecal calprotectin within 3 days 
before the CCE-2, the results of blood tests within 7 days before 
the CCE-2, and the results of background and clinical scores of 
the patients immediately before the CCE-2 were adopted.

In phase 1-2, the items to be scored (descriptors) that con-
tribute to the VAS were searched from the collected data, and 
a model (estimation of the weight for each item) to predict the 
VAS was constructed. Meanwhile, the contribution of the score 
by region of the colon (proximal, distal, or the sum of both) 
was also examined, and an endoscopic severity assessment score 
of UC for CCE-2 was developed. Subsequently, the intra- and 
interobserver agreement (kappa coefficient) and the proportion 
of agreement were calculated to examine the reproducibility of 
the score. In addition, the correlation coefficient (rho) with fecal 
calprotectin, blood tests (hemoglobin, WBC, and CRP), and 
clinical score (Lichtiger index) were estimated to examine the 
extent to which the CCE-2 score reflects the clinical condition.

CCE-2 Method and CCE-2 Scoring Method
All the enrolled patients underwent CCE-2 and col-

onoscopy on the same day. The test schedule is shown in 
Supplementary Table 1. The previously reported regimen8 with 
an addition of 1 booster dose of magnesium citrate (23 g [600 
mL]) was used as the colon preparation method. Even if  the cap-
sule had not been excreted, colonoscopy was performed 7 hours 
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after swallowing it (4 pm), and the capsule was retrieved dur-
ing colonoscopy. The CCE-2 (PillCam COLON 2; Medtronic, 
Yokneam, Israel) was used, and Rapid 8.1 software was utilized 
for reading images. A screen display at the time of the CCE-2 
score assessment is shown in Figure 1. The videos marked with 
the first cecal image and the last rectal image in advance were 
read and scored only for the colon. For clarification, Figure 1 is 
marked with yellow (cecal point), red (splenic flexure), and blue 
triangles (last rectal point) on the color bar for the time axis. The 
image that had been automatically determined and proposed by 

the software was used as the splenic flexure image. The colon 
was divided into proximal (from the yellow triangle to the red 
triangle) and distal parts (from the red triangle to the blue tri-
angle), and the scores at the points of maximum intensity of 
the respective inflammations were adopted. Because the CCE-2 
image reading software has a red color detection function (sus-
pected blood indicator [SBI]), images with bleeding were first 
automatically detected using the SBI. The number of detected 
images with bleeding was counted, and the bleeding was scored 
by region. Next, the vascular pattern was scored based on 

TABLE 1:  Descriptors and Definitions

Descriptor
(Score Most Severe Lesions) Likert Scale Anchor Points Definition

Vascular pattern Normal (0) Normal vascular pattern
Patchy obliteration (1) Obliterated area ≤30%
Obliterated (2) Obliterated area >30%

Bleeding None (0) No visible blood detected by SBI
Mild (1) No. bleeding picture detected by SBI ≤10
Severe (2) No. bleeding picture detected by SBI >10

Erosions and ulcers None (0) Normal mucosa, no visible erosions or ulcers
Erosions (1) Tiny (≤5-mm) defects in the mucosa
Superficial ulcer (2) Larger (>5-mm) defects in the mucosa
Deep ulcer (3) Larger (>5-mm) and deeper excavated defects in the mucosa, with a 

slightly raised edge

FIGURE 1.  Colon capsule endoscopic software image of the starting point of the reading. The cecal image and the last rectal image on each CCE-2 
video were marked in advance. The yellow triangle indicates the first cecal point; red triangle, splenic flexure; and blue triangle, last rectal point. 
Each CCE-2 reader read the CCE image from the yellow triangle to the blue triangle and scored the proximal part (from the yellow triangle to the red 
triangle) and distal part (from the red triangle to the blue triangle).
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whether the obliterated zone of the vascular pattern on the time 
axis bar was at least 30% or not. With regard to the descriptor in 
terms of erosions and ulcers, the mucosal defect was measured 
using the measurement function (polyp size estimation [PSE]) in 
the CCE-2 image reading software, and whether it was at least 
5 mm was assessed. A deep ulcer was classified as a clear deep 
ulcer. A manual for these assessment methods was distributed to 
the CCE-2 readers in advance, and the readers read the images 
after approximately 30 minutes of explanation. Each reader ran-
domly read each image twice in a blinded manner to evaluate the 
reliability of image reading.

Statistical Analysis
Demographic factors and baseline characteristics of 

enrolled UC patients were summarized. To search for descriptors 
that highly correlated with VAS assessed from the CCE-2 videos, 
we performed a simple linear regression analysis with VAS scores 
as the dependent variable for each descriptor with regard to the 
location (proximal and distal) and their sum. A multiple regres-
sion analysis was then conducted to construct a model to explain 
the VAS using multiple descriptors. The multiple regression ana-
lysis was conducted for all 27 combinations of the 3 descriptors 
and 3 locations (proximal, distal, and sum). In the regression 
analysis, the model was fit by each reader and averaged over 
readers by including reader as a factor in the model. The model 
fit was evaluated with the coefficient of determination (R2).

Correlations between 2 variables were estimated using 
Spearman’s rank correlation coefficient or Pearson’s correlation 
coefficient. Two-tailed P values <0.05 were considered signifi-
cant. SPSS, version 22, software (IBM Armonk, NY, USA) was 
used for all statistical analyses.

RESULTS
Thirty-eight patients were enrolled. Of these patients, 

16 were excluded due to refusal to participate (1 patient), poor 
colon preparation (3 patients), and incomplete observation 
of the entire colon using the CCE-2 (12 patients). Finally, 22 
enrolled patients (age 50.8 ± 12.2, 18 males and 4 females) were 
included in the analysis. No adverse events related to the study 
were observed. The backgrounds of the analyzed patients are 
shown in Table 2. The median clinical score (Lichtiger score) was 
3 (range of Lichtiger score, number of patients: 0–3, 19; 4–7, 0; 
8–10, 3). With regard to the disease type, total colitis was 50.0%; 
left-sided colitis, 31.8%; and proctitis, 18.2%. The mean image 
reading time of the 4 CCE-2 readers was 12.1 ± 6.6 minutes.

Score Development

Univariate regression analysis
A simple linear regression analysis was conducted with 

VAS scores as the dependent variable for each descriptor with 
regard to the location (proximal and distal) and their sum. 
Each reader randomly read each image twice; thus, replication 
data were obtained on each descriptor. In the simple regression 
analysis, the sum of vascular pattern, the proximal or sum of 
bleeding, and the sum of erosions and ulcers were highly cor-
related with the VAS (R2: sum of vascular pattern 0.496–0.762 
[minimum–maximum], proximal of bleeding 0.371–0.875, sum 
of bleeding 0.249–0.8, sum of erosions and ulcers 0.301–0.778).

Multiple regression analysis and final model
To construct a model to explain the VAS using multiple 

descriptors, we conducted a multiple regression analysis. This 

TABLE 2:  Backgrounds of the Examined Videos

No. Patients 22
Sex, male/female 18/4
Mean age ± SD (range), y 50.8 ± 12.2 (27–75)
Mean disease duration ± SD (range), y 8.0 ± 7.3 (4–30)
Disease activity
Median Lichtiger index
(minimum–maximum)

3 (0–10)

Type of disease, No. (%)
Total colitis 11 (50.0)
Left-sided 7 (31.8)
Proctitis 4 (18.2)

Medications, No. (%)
5-ASA 15 (68.2)
5-ASA + AZA 4 (18.2)
5-ASA + AZA + Anti TNFα 2 (9.1)
Tacrolimus + AZA + steroid 1 (4.5)

Abbreviations: 5-ASA, 5-aminosalicylic acid; AZA, azathioprine
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analysis was conducted for all 27 combinations of the 3 descrip-
tors and 3 locations (proximal, distal, and sum). The R2 for the 
simple regression analysis model of each descriptor when the 
readers were taken as a factor was 0.236–0.668, and the R2 for 
the multiple regression analysis model when the readers were 
taken as a factor was 0.586–0.817. Similar to the simple linear 
regression analysis, vascular pattern sum, bleeding proximal or 
sum, and erosions and ulcers sum were useful covariates for VAS 
prediction. The estimated regression coefficients for the 2 models 
showed a good model fit to the data. To simplify, we converted the 
regression coefficients to integers. The Pearson correlation coeffi-
cient between the predicted and observed values of VAS calcu-
lated using the 2 models was 0.89 (model 1: vascular pattern sum, 
bleeding proximal, erosions and ulcers sum; fit: R2 = 0.817, 0.793; 
prediction formula: predicted value of VAS = 7 × vascular pattern 
sum + 11 × bleeding proximal + 10 × erosions and ulcers sum; 
model 2: vascular pattern sum, bleeding sum, erosions and ulcers 
sum; fit: R2 = 0.812, 0.777; prediction formula: predicted value of 
VAS = −1 + 7 × vascular pattern sum + 5 × bleeding sum + 10 × 
erosions and ulcers sum). To simplify the score calculation con-
sidering the clinical use, model 3 was assumed as vascular pattern 
sum, bleeding sum, and erosions and ulcers sum (with the weight-
ing assumed as 1 for all the descriptors), which resulted in the 
following fit: R2 = 0.774, 0.745 and prediction formula: predicted 
value of VAS = 7.7 × (vascular pattern sum + bleeding sum + 
erosions and ulcers sum). The plots of the predicted and observed 
values of VAS calculated using model 3 are shown in Figure 2. 
Although Figure 2 shows the results of replication 1 data only, 
the Pearson correlation coefficient between the predicted and 
observed values of VAS was 0.88, which was comparable to mod-
els 1 and 2. To simplify the score calculation in clinical use, we 
adopted model 3 as the final model. The final scoring system was 
fixed as “vascular pattern sum + bleeding sum + erosions and 
ulcers sum (minimum–maximum, 0–14)”. This scoring system 
was named Capsule Scoring of Ulcerative Colitis (CSUC).

Score Validation
The intra- and interobserver agreement (kappa value) and 

the proportion of agreement are shown in Table 3. The intraob-
server agreement was 0.8 or higher, except for bleeding (distal) and 
ulcer and erosions (proximal). This result shows a high intra-ob-
server reproducibility, as indicated by the total score of 0.86. The 
interobserver kappa value was around 0.5, which was low due to 
less dispersion of scores with regard to bleeding. However, the pro-
portion of agreement was very high, with 0.96 for proximal and 
0.90 for distal. With regard to erosions and ulcers, dispersion was 
noted between the observers, with 0.26 for proximal and 0.41 for 
distal. The mean weighted kappa value of the total score was 0.52. 
The Spearman’s correlation coefficient between CSUC and clinical 
parameters (fecal calprotectin, blood tests [hemoglobin, WBC, and 
CRP], and clinical score [Lichtiger index]) is shown in Table 4. The 
correlation coefficient was almost similar to the UCEIS assessed 

from the colonoscopy videos, and the coefficients of correlation 
(ρ) with Lichtiger index were 0.48 and 0.60 for UCEIS and CSUC, 
respectively (95% confidence interval [CI], 0.42–0.790).

DISCUSSION
Endoscopic evaluation is important in the management 

of patients with ulcerative colitis. Conventionally, the endo-
scopic scores that have been used were not validated. However, 
the UCEIS reported by Travis et al. was developed using a sta-
tistically systematic method and subsequently validated.16 In the 
present study, the CCE-2 score was developed using a method 
almost similar to that for the UCEIS. With regard to the inflam-
mation severity of the colon in patients with UC, based on the 
results of this study, we were able to construct a simple model 
that could explain approximately 80% of fluctuations in VAS 
data using the 3 descriptors of the CCE-2 (particularly sum of 
proximal and distal). The model that uses sum of proximal and 
distal with regard to vascular pattern and erosions and ulcers, 
and proximal or sum with regard to bleeding was shown to 
have a high predictive power. Considering the simplification of 
score calculation, the sum of these 3 descriptors was adopted as 
the CSUC. The conventional severity evaluation score of UC 
inflammation evaluated only the rectum and sigmoid colon or 
evaluated only the point of maximum intensity. The CSUC is dif-
ferent from the conventional scores in that it evaluates both prox-
imal and distal. As mentioned above, the VAS for inflammation 
is related not only to the point of maximum intensity, but also 
to proximal and distal. The inflammation severity is expected to 
be expressed more accurately using both. On the other hand, a 

FIGURE 2.  Plots of observed vs predicted VAS values with final model. 
Final model (predicted value of VAS) = 7.7 × (vascular pattern sum + 
bleeding sum + erosions and ulcers sum). The Pearson correlation coef-
ficient between the predicted and observed values of VAS was 0.88.
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sum score such as CSUC might be underscored in patients with 
severe left-sided disease. In our cohort, disease in 8 left-sided 
UC patients was detected by colonoscopy (CS). To examine the 
utility of CSUC in left-sided UC, correlations between CSUC 
and fecal calprotectin, and those of UCEIS scored by CS and 
fecal calprotectin, were calculated using Spearman’s rank correl-
ation coefficient as surrogate marker. The mean correlation (ρ) 
between CSUC and fecal calprotectin was 0.46, and that between 
UCEIS and fecal calprotectin was 0.50. As far as the results of 
these analyses, CSUC and UCEIS have almost the same perfor-
mance in reflecting the results of fecal calprotectin even in the 
left-sided UC. However, these are post hoc analyses with a small 
cohort, and additional evaluations with a large sample will be 
needed to resolve these concerns. Capsule endoscopy is a sim-
ple, patient-friendly test that involves swallowing only. Images 
captured while the capsule moves by intestinal peristalsis are 

downloaded to the workstation and are read by the examiner 
using the software installed on the workstation. This software 
is equipped with functions such as automatic determination of 
the hepatic flexure or splenic flexure, red color detection (SBI), 
and polyp measurement (PSE). With the hope of improving con-
venience and reproducibility, these functions, which are unique 
to CE, were incorporated into this score assessment. The incor-
poration of this automatic determination enabled image reading 
in a short time of 12.1 minutes on average. The SBI sometimes 
detects images without bleeding or redness, whereas it will miss 
small bleeding. In the CSUC, visible (definite) bleeding images 
were counted and scored. Thus, images with suspected bleeding 
were first automatically detected using the SBI. Next, the number 
of detected images with visible bleeding was counted by sight. 
Performance of the SBI in detecting the bleeding image of UC 
was calculated by post hoc analyses. The sensitivity and speci-
ficity of SBI for visible bleeding on a region basis were 1.0 (4/4) 
and 0.75 (30/40), respectively. From these post hoc analyses, SBI 
could pick up visible bleeding images correctly; however, false 
positives were sometime occurred. In the intra-observer analysis, 
the kappa value was 0.8 or higher, except for bleeding (distal) and 
ulcer and erosions (proximal), showing a high reproducibility. 
Less dispersion of scores and inadequate power of samples may 
lead lower and indistinct intra-observer agreement of bleeding 
(distal) and ulcer and erosions (proximal). On the other hand, 
in the interobserver analysis, the kappa value was approximately 
0.5, and interobserver variation was noted for erosions and ulcers, 
with 0.26 for proximal and 0.41 for distal. This finding is spec-
ulated to be partially attributed to insufficient training because 
the explanation before the score assessment was performed 
for approximately 30 minutes. In fact, at the time of the score 
model construction, differences in the results of image reading 
were noted among the 4 readers, and about 20% of the results 
could not be explained with the models in this study. Travis et al. 
reported an interobserver agreement of 0.3 to 0.4 at the time of 
UCEIS construction,16 but it improved to approximately 0.5 in 

TABLE  4:  Spearman Rank Correlation with the CSUC 
and UCEIS

Correlation (rho) 95% CI

CSUC
Fecal calprotectin 0.46 0.19–0.72
Lichtiger index 0.60 0.42–0.79
Hemoglobin 0.28 –0.34 to –0.21
WBC 0.40 0.31–0.48
CRP 0.20 0.00–0.45
UCEIS 0.55 0.38–0.72
UCEIS
Fecal calprotectin 0.50
Lichtiger index 0.48
Hemoglobin –0.12
WBC 0.33
CRP 0.13

TABLE 3:  Intra- and Interobserver Agreement of Each Descriptor

Variable (Scored Area)

Vascular
(proximal)

Vascular
(distal)

Bleeding
(Proximal)

Bleeding
(Distal)

Ulcer and 
Erosions

(Proximal)

Ulcer and 
Erosions
(Distal) CSUC (Total)

Intra-observer
Mean weighted kappa value 0.86 0.82 0.86 0.66 0.55 0.82 0.86
95% CI 0.71–1.00 0.60–1.00 0.58–1.00 0.00–1.00 0.00–1.00 0.71–1.00 0.69–1.00
Interobserver
Mean weighted kappa value 0.53 0.42 0.77 0.27 0.26 0.41 0.52
95% CI 0.17–0.88 0.20–0.64 0.59–0.95 0.00–0.61 0.00–0.66 0.24–0.56 0.45–0.59
Mean proportion of agreement 0.62 0.58 0.96 0.90 0.52 0.60 0.31
95% CI 0.28–0.95 0.40–0.77 0.94–0.98 0.87–0.93 0.16–0.88 0.50–0.70 0.20–0.41
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the subsequent additional study.17 Considering that this study 
was performed in a small sample of 22 patients, conducting a 
large-scale additional study after providing the readers with suf-
ficient training, similar to Travis et al., who conducted an add-
itional study, is necessary to generalize the results. Moreover, the 
fact that many of the patients enrolled in this study had rela-
tively mild symptoms can be cited as a limitation. Nonetheless, 
as indicated by the plots of the observed VAS value in Figure 2, 
constructing a score model was possible because some of the 
patients had high VAS and endoscopically severe patients were 
also included. Considering this point, however, performing a 
large-scale additional study is necessary.

To examine the clinical significance, we examined the cor-
relation of the CSUC with the biomarker (fecal calprotectin), 
blood tests (hemoglobin, WBC, and CRP), and clinical score 
(Lichtiger index). Results showed a correlation almost compar-
able to the UCEIS assessed from the results of colonoscopy. 
This study is the first to examine the correlation between the 
CCE-2 findings and fecal calprotectin level.

In our results, the correlation coefficient between the CSUC 
and fecal calprotectin level was 0.46 (95% CI, 0.19–0.72), which 
showed a moderate correlation. Theede et al.22 reported that endo-
scopic mucosal healing could be confirmed from the fecal calpro-
tectin level and that a correlation with the UCEIS was noted. The 
fact that the correlation of the fecal calprotectin with the CSUC 
was almost comparable to the correlation with the UCEIS sug-
gests that endoscopic mucosal healing can also be confirmed with 
CCE-2. In future studies, based on the comparison of fecal cal-
protectin level and colonoscopy findings, examining the clinical 
usefulness by calculating the cutoff value for mucosal healing 
prediction with the CSUC will be necessary. Evaluation of the 
clinical usefulness of the CSUC by determining the correlation 
between the CSUC and clinical relapse is also warranted.

The applicability of CCE-2 for UC in clinical practice is 
still controversial. One of the factors disturbing the spread of 
CCE-2 is its high cost. Actually, in Japan, the cost of CCE2 and 
sigmoidoscopy is 107,200 yen and 9000 yen, respectively, whereas, 
in recent study, Shi et al.6 reported that CCE-2 had high accur-
acy in detecting mucosal lesions and determining disease severity 
in UC. These results suggest that the performance of CCE-2 in 
assessing mucosal inflammation of UC is sufficient. Moreover, 
CCE-2 is a simple, patient-friendly test that involves swallowing 
only. For the clinician, the reading of the capsule image is con-
sidered a time-consuming burden. However, in the current study, 
image reading occurred in a short time of 12.1 minutes on aver-
age. These results suggest that CCE-2 is a comfortable test for the 
doctor. Recently, computer-aided diagnosis and diagnosis with 
artificial intelligence (AI) have dramatically changed endoscopic 
diagnosis. CCE-2 is a good candidate for computer-aided diag-
nosis. In the near future, AI will enable us to score with CSUC 
automatically, with the result that CCE-2 will be spread widely.

In conclusion, we developed a new simple Colon capsule 
endoscopy score, which assesses the inflammation severity of the 

colon in patients with UC, and which could explain approximately 
80% of fluctuations in VAS using the 3 descriptors of CCE-2.
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