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Abstract

Background: Histological healing is closely associated with improved long-term clinical outcomes and lowered relapses in patie}
with ulcerative colitis (UC). Here, we developed a novel diagnostic criterion for assessing histological healing in UC patients.
Methods: We conducted a retrospective cohort study in UC patients, whose treatment was iteratively optimized to achieve mucosal
healing at Shanghai Tenth People’s Hospital of Tongji University from January 2017 to May 2022. We identified an inflammatory
cell enumeration index (ICEI) for assessing histological healing based on the proportions of eosinophils, CD177* neutrophils, and
CD40L"* T cells in the colonic lamina propria under high power field (HPF), and the outcomes (risks of symptomatic relapses) of
achieving histological remission vs. persistent histological inflammation using Kaplan—-Meier curves. Intrareader reliability and
inter-reader reliability were evaluated by each reader. The relationships to the changes in the Nancy index and the Geboes score
were also assessed for responsiveness. The ICEI was further validated in a new cohort of UC patients from other nine university
hospitals.

Results: We developed an ICEI for clinical diagnosis of histological healing, i.e., Y = 1.701X; + 0.758X, + 1.347X; - 7.745
(X1, X5, and X; represent the proportions of CD177* neutrophils, eosinophils, and CD40L* T cells, respectively, in the colonic
lamina propria under HPF). The receiver operating characteristics curve (ROC) analysis revealed that Y <-0.391 was the cutoff
value for the diagnosis of histological healing and that an area under the curve (AUC) was 0.942 (95% confidence interval [CI]:
0.905-0.979) with a sensitivity of 92.5% and a specificity of 83.6% (P <0.001). The intraclass correlation coefficient (ICC)
for the intrareader reliability was 0.855 (95% CI: 0.781-0.909), and ICEI had good inter-reader reliability of 0.832 (95% CI:
0.748-0.894). During an 18-month follow-up, patients with histological healing had a substantially better outcome compared
with those with unachieved histological healing (P <0.001) using ICEL During a 12-month follow-up from other nine hospitals,
patients with histological healing also had a lower risk of relapse than patients with unachieved histological healing.
Conclusions: ICEI can be used to predict histological healing and identify patients with a risk of relapse 12 months and 18 months
after clinical therapy. Therefore, ICEI provides a promising, simplified approach to monitor histological healing and to predict
the prognosis of UC.
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Introduction

Ulcerative colitis (UC) is a chronic inflammatory bowel
disease (IBD) primarily affecting the rectum, sigmoid colon,
and in severe cases, the entire colon.!'?! The etiology and
pathology of UC remain not fully understood; however,
recent studies indicate that abnormal immune system
response to microbiota, intestinal persistent infection, intes-
tinal mucosal defect, and genetic and environmental factors
may all contribute to its development.’®! Recent studies
have emphasized the importance of achieving mucosal
healing (MH) as a key therapeutic goal for UC patients,!”!
as it has been consistently associated with favorable out-
comes, including prolonged clinical remission and reduced
rates of hospitalization and surgery.!!l However, approxi-
mately 30% of UC patients who reach clinical remission
still have histological activity after comprehensive therapy,
showmg persistent histological inflammation in the colonic
mucosa.l”’! Histological healing is linked to lowered rates
of hospitalization and neoplasia,'*!'! and mucin depletion
is also associated with clinical relapse in UC patients with
Mayo endoscopic subscore 0.I'2) Therefore, histological
healing seems even further to benefit disease prognosis.!'?!

Histological healing, characterized by histological nor-
malization and the absence of inflammation, neutrophils,
erosion, and ulceration in the intestine, is a critical goal.
Various indices, such as the Robarts histopathology
index, Nancy histological index, or Geboes score, have
been used for quantitative assessment.!'*15 Previous studies
have demonstrated significant associations between spe-
cific components of histological activity, such as basal
plasmacytosis, neutrophilic infiltrations, mucin depletion,
and cryptarchitectural irregularities, with higher rates
of clinical relapse.!'®! Notably, neutrophll infiltrations
have shown part1cular utility in assessing disease activity
when MH is achieved.!'”! Inflammatory cells, such as
eosinophils, plasma cells, and T cells also play a pivotal
role in the development of UC.I'%13181 CD177 and CD64
are remarkably expressed in activated neutrophils, which
play a crucial role in host defense through the recognition,
phagocytosis, and elimination of invading pathogens.!'?2"]
Accordmgly, CD177, as the gene with the highest expres-
sion level in activated neutrophils, plays a critical role in
the initiation and advancement of IBD, thereby making it
a promising target for drug therapy.[21] Another neutro-
phil biomarker CD64 has been described to be associated
with disease activity and correlates with endoscopic
activity.”?! CD40L and CD69 are mainly expressed in
recently activated T cells (particularly in CD4* T cells),
which facilitate germinal center formation and antibody
production.?>?*l CD69 is typically expressed at low levels
in T cells in peripheral blood. However, upon stimulation
by intestinal microbial antigens, T cells are prompted to
migrate to the intestinal mucosa, where they subsequently
upregulate the expression of CD69. Further investigation
of molecular mechanisms underlying the CD40L signa-
ling axis in these cells would provide important insight
and novel therapeutic targets in IBD.!*! The relationship
between the expression of immune cell activation markers
in peripheral blood and disease activity is well-estab-
lished. However, the expression of these markers in the
intestinal tract and their association with histological
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healing remain unclear. Therefore, it is necessary to utilize
CD177, CD64, CD40L, and CD69 molecules to judge
the histological remission of UC. Importantly, the assess-
ment of activated immune cell infiltrations in the colonic
lamina propria may provide a rationale for the precision
diagnosis of histological healing in UC patients.

In this study, we aimed to explore a histological healing
criterion according to an alternation in proportions of
inflammatory cells (i.e., CD177* neutrophils, eosinophils,
and CD40L* T cells) in the colonic lamina propria, which
allowed us to better predict UC patients to achieve his-
tological healing, thus minimizing the overtreatment in
clinical practice.

Methods

Study setting

This population-based inception cohort consisted of UC
cases from the Shanghai Tenth People’s Hospital of Tongji
University, the First People’s Hospital of Shangqiu City
Affiliated to Xinxiang Medical University, Wuhu First
People’s Hospital, Suzhou Municipal Hospital, the First
Affiliated Hospital of Soochow University, the Second
Affiliated Hospital of Zhengzhou University, Zhengzhou
Central Hospital Affiliated to Zhengzhou University,
Affiliated Hospital of Jining Medical College, the Third
Affiliated Hospital of Guangzhou Medical University,
and Dongfang Hospital of Beijing University of Chinese
Medicine from January 2017 to May 2022. Thereafter,
a universal data collection protocol was used among all
centers to facilitate the congruence of collected variables.
The study was approved by the Ethics Committee of
the Shanghai Tenth People’s Hospital (No. SHSY-IEC-
5.0/23K17/P01) and registered with the Chinese Clinical
Trial Registry (No. ChiCTR2300077792). Additionally,
300 age- and sex-matched healthy donors were recruited
in our study for comparison study. All UC patients and
healthy donors signed the informed consent forms.

Inclusion criteria

(1) Eligible patients had a diagnosis with UC based on
standard clinical,endoscopic,and histological criteria; 262!
(2) UC patients reached the criteria of endoscopic MH as
described previously (non-inflammatory status, a modified
Mayo score <3, and the ulcerative colitis endoscopic index
of severity [UCEIS] <1); (3) The relevant clinical history

and endoscopic examination data were complete.

Exclusion criteria

(1) UC patients had severe complications such as toxic
megacolon, intestinal perforation, colon stenosis and
obstruction, massive bleeding, or colorectal cancer; (2) UC
patients had received subtotal colectomy or total colectomy.

Routine clinical practice

All UC patients included in the study were closely moni-
tored throughout the study period. This included regular
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outpatient visits and scheduled endoscopic evaluations at
6, 12, and 18 months after their admission to the study.
The follow-up period was finished when the final UC
patient completed their 18-month endoscopy. The time
interval between the first and last UC patient’s endoscopic
examination within the 18-month period did not exceed
6 months. For disease activity assessment, a minimum of
four mucosal biopsies were obtained from the worst areas
of the colon. The disease behaviors of these patients were
defined by the Montreal classification.!?*3% Three patholo-
gists who were blinded to all clinical information reviewed
slides, and three gastroenterologists were blinded to other
clinical data at the time of review. Endoscopic MH terms
a UCEIS <1.B! A universal data collection protocol was
implemented across all nine IBD medical centers to ensure
consistency in the variables collected.

Histopathological assessment and immunohistochemistry
assessment

Histological features of UC include six parts, i.e., acute
inflammatory cell infiltration, crypt abscesses, mucin
depletion, surface epithelial integrity, chronic inflamma-
tory cell infiltration, and crypt architectural irregularities
in the colonic mucosa. Combining this work with our pre-
vious and other studies, we determined CD177 and CD64
as the biomarkers of activated neutrophils and CD40L
and CD69 as the biomarkers of activated T cells, respec-
tively.[1%253234 The colonic sections of healthy donors who
had a physical examination by endoscopy and UC patients
were stained with hematoxylin and eosin and immunohis-
tochemistry, respectively. Immunohistochemical analysis
was performed on paraffin-embedded colon tissues using
anti-CD177 mAb (Catalog number: ab255296, Abcam;
Cambridge, England) at 1/2000 dilution, anti-CD69 mAb
(Catalog number: ab233396, Abcam) at 1/500, anti-CD64
mAb (Catalog number: ab140779, Abcam) at 1/150 and
anti-CD40L mAb (Catalog number: ab65854, Abcam)
at 1/500 dilution, respectively. Ten to fifteen visual fields
under high magnification (400x) were selected, and the
proportions of neutrophils, eosinophils, CD177* neutro-
phils, CD64* neutrophils, CD69* T cells, and CD40L*
T cells were calculated using a method according to previ-
ous publications under high magnification (400x).1%-3233]
Three objective researchers who were blinded to clinical
data reviewed both the endoscopic and histological find-
ings of each patient.

Outcome assessment

The recurrence of the disease, including endoscopic
findings, was followed up in UC patients at 6, 12, and
18 months, respectively, after standard therapy.l’8! A
modified Truelove, Witts severity index (MTWSI) <4,
an Ulcerative Colitis Activity Index (UCAI) <2, and
calprotectin <250 pg/g indicate clinical remission of the
disease.[3%3

Statistical analysis

GraphPad Prism 8.0 (GraphPad Software; San Diego,
CA, USA) and SPSS 20.0 (SPSS Inc., Chicago, IL, USA)
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software were used for statistical analysis. The measure-
ment data with normal distribution were expressed by
mean =+ standard deviation (SD), and the measurement
data with skewness distribution were expressed by
medians and interquartile ranges (IQRs). Intrareader
reliability was assessed from the duplicate readings of all
biopsy specimens with the computation of the intraclass
correlation coefficient (ICC). For the internal consist-
ency as recommended by Consensus-based Standards
for the selection of health Measurement Instruments
(COSMIN),138 the Cronbach’s coefficient o, using partial
correlation coefficients, was calculated for the overall
inflammatory cell enumeration index (ICEI) and for the
index with one-at-a-time item deletion to evaluate inter-
nal consistency in ICEI. Correlation analysis was used to
illustrate the consistency between the ICEI and Nancy
index and Geboes score. The sensitivity, specificity, posi-
tive predictive value, negative predictive value, and areas
under the receiver operating characteristic curve (AUC)
were used to analyze the effectiveness of the ICEI for
the diagnosis of histological healing. The optimal cutoff
value was determined by the Youden index. P <0.05 was
considered statistically significant.

Results

Derivation cohort and verification cohort

We identified 220 UC patients (120 patients in the deriva-
tion cohort and 100 patients in the verification cohort)
clinically and endoscopically who successfully achieved
clinical remission and underwent the treat-to-target interven-
tions. The derivation cohort comprised 120 patients from
the Shanghai Tenth People’s Hospital and the verification
cohort comprised 100 patients from other nine IBD medi-
cal centers. These patients were admitted as inpatients
and had comprehensive clinical information available
for long-term follow-up. MH was confirmed during the
most recent endoscopy [Figure 1]. The derivation cohort
included 77 males (64.2%) and 43 females (35.8%). The
mean age of the patients was (50.4 + 14.3) years. The
verification cohort consisted of 37 females (37.0%) and
63 males (63.0%), with an average age of (50.1 + 14.1)
years. The clinical data of healthy donors, including the
number, age, and gender, were shown in Table 1.

Activation markers of inflammatory cells

We performed univariate and multivariate analyses to
assess the predictive factors influencing the risk of relapse,
and the results were displayed in Supplementary Tables 1
and 2, http://links.lww.com/CM9/C20. The proportions
of eosinophils, CD177* neutrophils, and CD40L* T cells
were chosen in the diagnostic criterion. Our analyses
revealed that the proportions of these inflammatory
cells (i.e., CD177* neutrophils, CD40L* T cells, and
eosinophils) showed an increased trend toward the risk
of relapse after an 18-month follow-up and were highly
predictive of relapse.

There were relatively low numbers of eosinophils, CD177*
neutrophils, or CD40L* T cells in the colonic mucosa of
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Figure 1: Flow chart of patient selection in the study and main study procedures. IBD:
Inflammatory bowel disease; ICEl: Inflammatory cell enumeration index; UC: Ulcerative
colitis.

Table 1: Baseline of healthy donors and UC patients.

Variables HC uc, uc,
Number of patients 300 120 100
Age (years) 51.9+14.8 50.4 +14.3 50.1 +14.1
Sex (female) 110 (36.7) 43 (35.8) 37 (37.0)
Disease duration (months) 41.2 +20.1 36.7+15.7
Smoking 10 8
Drinking 6 7
Disease locations for UC

E1 (proctitis) 12 16

E2 (left-sided colitis) 40 36

E3 (pancolitis) 68 48
Calprotectin (ug/g)

0 month 81.18 + 36.95 82.02 + 34.84

6 months 113.93 +72.00 100.15 + 71.84

12 months 136.10 + 88.86  120.50 + 89.83

18 months 146.84 + 97.32 -

Data were shown as 72, mean =+ standard deviation, or 7 (%). HC: Healthy donors;
UC: Ulcerative colitis; UCp: Derivation cohort of UC patients; UCy: Verification
cohort of UC patients.

healthy donors [Figure 2A—C]. Notably, UC patients who
achieved histological healing exhibited a lower number of
these cells [Figure 2D-F], while UC patients who failed
to achieve histological healing had higher proportions of
these inflammatory cells [Figure 2G-I].

Novel diagnostic criterion
Establishment of an ICEI for assessing histological
healing

To establish a diagnostic criterion for assessing histological
healing, we collected intestinal mucosal specimens from 300
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healthy donors who underwent endoscopic examination
routinely and counted the proportions of eosinophils under
HPE and expression of CD177 and CD40L was stained by
immunohistochemistry. We found that the proportions of
various types of cells conformed to a normal distribution,
and then used mean + 2 SD as the cutoff of each type of
immune cells [Supplementary Figure 1 and Supplementary
Table 3, http:/links.lww.com/CM9/C20]. In the case of
95.3% (unilateral) reliability, the setting method of cutoff
was scientific and based on accurate statistical calculation.
The calculated cutoffs of eosinophils, CD177* neutrophils,
and CD40L* T cells were 5.36%o, 3.16%0, and 4.73%o,
respectively [Supplementary Figure 1, http:/links.lww.
com/CM9/C20]. According to the ICEI established based
on the data from healthy donors, UC patients achieved
histological healing if the counts of each inflammatory cell
in the colonic lamina propria were less than the threshold
value, without crypt abscesses, mucin depletion, surface
epithelial damage, and crypt architectural irregularities.

UC patients in the derivation cohort were divided into a
histological remission cohort (7 = 61) and a histological
activity cohort (nz = 59) by ICEI [Figure 3]. Binary logistic
regression analysis showed that the formula for histologi-
cal healing was Y =1.701X; + 0.758X, + 1.347X; - 7.745
(X4, X5, and X; represent the proportions of CD177* neu-
trophils, eosinophils, and CD40L* T cells, respectively, in
the colonic lamina propria under HPF). The receiver oper-
ating characteristics curve (ROC) analysis revealed that Y
<-0.391 was the cutoff for the diagnosis of histological
healing, with an AUC of 0.942 (P <0.001), indicating that
the ICEI had excellent discrimination and consistency
[Figure 3A and Supplementary Table 4, http:/links.lww.
com/CM9/C20]. Besides, the calibration was satisfactory,
and the confidence interval (CI) of the observed probabil-
ity covered the ideal calibration line [Figure 3B].

Reliability of the ICEI for assessing histological healing

The intrareader reliability for individual items and ICEI
was shown in Supplementary Table 5, http://links.Ilww.
com/CM9/C20. The value of ICC for the intrareader reli-
ability was 0.855 (95% CI: 0.781-0.909) in 50 randomly
selected biopsies (simple random sampling). Three items
constituting ICEI were scored by other three pathologists
in these 50 UC patients. Additionally, inter-reader relia-
bility was summarized in Supplementary Table 5, http://
links.lww.com/CM9/C20, and the ICEI showed a good
interobserver reliability of 0.832 (95% CI: 0.748-0.894).

Construct validity of the ICEI for assessing histological
healing

The construct validity of the hypothesis testing was inves-
tigated with the correlation between the ICEI of reader 1
and the Nancy index scored by each reader. The correlation
was strong for each reader (r = 0.809 for reader 1, 0.819
for reader 2, and 0.794 for reader 3) (P <0.001). The
correlation between the Geboes score of reader 1 and the
ICEI was also strong for each reader (r = 0.745 for reader
1,0.802 for reader 2, and 0.789 for reader 3) (P <0.001).
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Figure 2: Representative staining images of the colon sections from UC patients and healthy donors. The arrows indicate eosinophils, CD177+, and CD40L* cells, respectively. The
scar bar represents 100 um. (A-C) Characteristics of eosinophils, CD177+ and CD40L* cells, respectively, in healthy donors. (D-F) Characteristics of eosinophils, CD177+, and CD40L*
cells, respectively, in UC patients who achieved histological remission. (G—I) Characteristics of eosinophils, CD177+, and CD40L* cells, respectively, in UC patients who failed to achieve
histological remission. A-UC: UC patients who stayed histological activation; HC: Healthy donors; R-UC: UC patients who achieved histological remission; UC: Ulcerative colitis.
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Figure 3: ROC analysis of the ICEl in UC patients. (A) ROC analysis of the ICEI in UC patients
(n = 120); (B) Cross-validation study of the ICEl in UC patients; The dashed diagonal
line represents an ideal calibration. AUC was 0.942 for the ICEl (P <0.001, 95% CI:
0.905-0.979). AUC: Area under the curve; Cl: Confidence interval; ICEI: Inflammatory cell

enumeration index; ROC: Receiver operating characteristics curve; UC: Ulcerative colitis.

Prognosis performance of the ICEI

UC patients in the derivation cohort were divided into
a histological remission cohort (7 = 61) and a histolog-
ical activity cohort (n = 59), respectively, by the ICEI
[Figure 4]. During an 18-month follow-up period, 8
patients (13.1%) experienced a clinical relapse in the
histological remission cohort, and 24 patients (40.7%)
experienced a clinical relapse in the histological activity
cohort (y* = 11.652, P <0.001) [Supplementary Figure 2,
http://links.lww.com/CM9/C20]. The recurrence rate of
UC patients in the histological healing group determined
by the ICEI was comparable with that of the Nancy index

(13.1% vs. 10.0%, x> = 0.008, P >0.05) and the Geboes
score (13.1% vs. 14.3%, x*> = 0.022, P >0.05). The recur-
rence rates of UC patients in the non-histological healing
group were significantly higher than those in the histo-
logical healing group, with the Nancy index (10.0% uvs.
32.2%, x> =4.602, P <0.05), the Geboes score (14.3% vs.
31.8%, x* = 3.873, P <0.05), and the ICEI (13.1% uvs.
40.7%, x* = 11.652, P <0.001), respectively [Supplemen-
tary Figure 2, http://links.lww.com/CM9/C20]. Moreover,
we also found only eight UC patients achieving histologi-
cal healing with the above three scoring criteria, and these
patients did not relapse during the 18-month follow-up.
Altogether, the combination of multiple scores helps us to
achieve a more accurate prediction.

With the aim of assessing the discriminative ability of the
ICEI the predicted probability of recurrence-free survival
was then plotted as Kaplan—-Meier curves, stratified by the
predicted probability that was calculated according to the
ICEI [Figure 4]. Patients with histological remission had
a significantly better outcome compared with patients
with histological activity (P <0.001). Similar conclusions
were also observed over a period of 12-month follow-
up [Supplementary Figure 3, http://links.lww.com/CM9/
C20]. Therefore, these findings indicated that the ICEI
could accurately evaluate the prognosis of patients with
clinical remission. We also used ROC curve analyses to
evaluate the relationship between the Nancy index, the
Geboes score, and the ICEI for the prediction of clini-
cal remission during a period of 18-month follow-up

1320


http://links.lww.com/CM9/C20
http://links.lww.com/CM9/C20
http://links.lww.com/CM9/C20
http://links.lww.com/CM9/C20

Chinese Medical Journal 2024;137(11)

WWW.Cmj.org

n g
g
OQ% T e ot o e
2.8 0.50f
£ .8
22 P=0.00052
EF o025}
—g E = Achieved histological healing
-] == Unachieved histological healing
0 ;1 é 1l2 1I6 2IO 2I4 218

Time (months)

Number at risk

Achieved
histological healing 61 59 59 56 56 53 27 1

Unachieved
histological healing 59 54 50 46 38 15 1 0

Number of censoring

=

—
O —NWALN-IOO —

8 12 16 20 24 28

Time (months)
Figure 4: Cumulative probability in UC, patients achieving clinical remission using ICEl
over an 18-month follow-up period. UC, (7 = 120) (P <0.001). ICEI: Inflammatory cell
enumeration index; UC: Ulcerative colitis; UC,: Derivation cohort of UC patients.

1.00 ==

-
e e o e s

P=0.0086

0.25F
== Achieved histological healing
== Unachieved histological healing

Probability in UC,, patients
achieving clinical remission
=
w
<

0 4 8 12 16 20 24 28
Time (months)

Number at risk

Achieved
histological healing 52 51 49 45 43 26 7 1

Unachieved
histological healing 48 42 38 31 29 13 4 0

Number of censoring

O —NWRAN NI00\0

4 8 12 16 20 24 28
Time (months)

Figure 5: Cumulative probability in UC, patients achieving clinical remission by ICEl over a

12-month follow-up period. UC, (n = 100) (P <0.01). ICEI: Inflammatory cell enumeration

index; UC: Ulcerative colitis; UC,: Verification cohort of UC patients.

[Supplementary Table 6, http://links.lww.com/CM9/C20].
The ICEI exhibited an excellent discriminative ability
in predicting clinical remission, as indicated by the area
under the ROC curve of 0.855 (95% CI: 0.772-0.939).
This performance surpassed that of the Geboes score
(AUC: 0.808, 95% CI: 0.709-0.907) and the Nancy
index (AUC: 0.834, 95% CI: 0.739-0.929) (P <0.001).

External verification of the ICEI for histological healing

To validate the ICEI, we collected 100 UC patients who
had achieved endoscopic healing from other nine hospi-
tals and evaluated histological healing in these patients
using the ICEIL. According to the ICEL we divided 100
UC patients into the histological healing group (n = 52)
and the unachieved histological healing group (7 = 48).
During a 12-month follow-up observation, the ICEI
predicted the recurrence probability effectively, showing
that patients with histological healing had a significantly
lower one-year recurrence rate (9.6 %) compared to those
with unachieved histological healing (20.8%) [Figure 5].

Discussion

Our study has represented the pioneering multicenter
population-based study in China to assess the predictors
of histological healing in UC patients and the impact on
clinical outcomes. The finding showed that UC patients
achieving ICEI histological healing had an annual risk of
clinical relapse of 8% aligned with previous research.!3%4°!
The recurrence probability in UC patients who still had
histological activity was significantly higher than that in
the histological healing group. When the Geboes score was

1321

used to predict the results of an 18-month relapse in our
study, an area under the ROC curve was 0.808, which was
similar to the previous study and a little bit lower than
that of the ICEL*Y Moreover, an external verification of
the ICEI in cohorts from other nine hospitals further con-
firmed its competence in distinguishing between patients
with histological healing and those with histological
activity. Therefore, the ability of the ICEI to predict the
recurrence probabilities provides a rationale for precise
diagnosis and has an important prognostic implication.

While previous reports have indicated the positive associa-
tion between histological remission and improved clinical
outcomes, few studies have undertaken a longitudinal
assessment of the benefits of attaining histological remis-
sion in patients who had previously experienced active
disease within the context of a treat-to-target approach
emphasizing MH.[*%*2l Moreover, there has been a lim-
ited exploration of the feasibility and predictive factors
related to achieving histological remission in patients who
receive effective treatment to achieve the conventional
target of MH.!*)) In this study, we pioneered the inclu-
sion of immune cell activation markers as elements of a
histological scoring system. Specifically, we evaluated the
proportions of eosinophils, CD177* neutrophils, CD64*
neutrophils, CD40L* T cells, and CD69* T cells, along
with the incidence of disease relapse during the follow-up
period in patients with UC. Utilizing the univariate and
multivariate logistic regression analyses, we determined
the predictors of disease recurrence, optimizing for the
best-fitting model. Our selection process led us to incor-
porate eosinophils, CD177* neutrophils, and CD40L*
T cells into the construction of ICEL Our findings
reveal that CD177* neutrophils serve a dual role, being
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both indicative of disease activity in UC patients and a
prognostic parameter for disease outcome.[**! Moreover,
CDA40L, a T cell activation marker, has been identified as
a significant indicator of histological activity in IBD, simi-
lar to its heightened expression in CD4* T cells of patients
with rheumatoid arthritis.[**!

Currently, histological healing in UC has been defined as
the normalization of the microscopic image of the colonic
mucosa.**! However, a standardized and uniform system
for grading intestinal mucosal inflammation is still lacking
and to date, approximately 30 different histologic scor-
ing systems for UC have been described but have never
been fully validated currently,*”*! which brings massive
conundrums in clinical practice. In this study, the novel
ICEI focuses on the proportions of inflammatory cells,
which is different from previous histologic scoring systems
with complex statistics.'"***! Upon assessing histological
healing in the same cohort of UC patients, no marked
difference was observed in recurrence rates between the
ICEI histological healing group and those categorized
by the Nancy index. Notably, the cohort adhering to the
ICEI for histological healing was twice the size of the
group meeting the Nancy index for histological healing.
Concurrently, patients in the ICEI group who failed to
achieve histological healing exhibited the highest rate of
recurrence. Besides, the ICEI can accurately evaluate the
prognosis of patients with clinical remission. In conclu-
sion, it appears a good choice to predict the prognosis and
avoid overtreatment for UC patients.

There are still some limitations in our study. First, the
cohorts consisted of patients from different provinces but
mainly from Eastern China. As the healthcare systems are
getting more easily overwhelmed, the choice of therapeu-
tic strategies may be daunting. Second, the retrospective
analysis of intestinal mucosal inflammation based on
colonoscopy and histology reports might be associated
with a bias. Third, we have developed and verified the
ICEI in patients with MH alone. Although the ICEI
showed a better prediction value of 18-month relapse for
UC patients than the Nancy index and the Geboes score,
it should be verified among patients with moderately to
severely active UC in order to make a better comparison
with the Nancy index and the Geboes score.!*1:#’]

As clinical therapy goals in UC continue to evolve, from
endoscopic MH to histopathological healing, the ICEI
offers a valuable tool for assessing and predicting the
prognosis of UC patients. This study paves the way for
future research aiming at further validating the ICEI,
particularly among patients with moderately to severely
active UC, to enhance its comparability with established
scoring systems like the Nancy index and the Geboes
score. These advancements will definitely contribute to a
deeper understanding of UC and offer opportunities for
more tailored and effective management strategies.
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