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Abstract
Introduction: Leucine-rich alpha-2-glycoprotein (LRG) is a
potential biomarker for disease activity and reflects mucosal
healing in patients with ulcerative colitis (UC). However, only
a few studies have described a detailed sensitivity analysis of
LRG in predicting mucosal healing in patients. This study
aimed to evaluate the association between LRG and the
endoscopic activity of UC and its predictability for mucosal
healing and explore the utility and clinical application
of LRG. Methods: The diagnostic accuracy of biomarkers,
including LRG, in predicting the endoscopic activity of UC
was evaluated. All consecutive patients who underwent
total colonoscopy between April 2021 and September 2022

were included. The Mayo endoscopic subscore (MES) was
used for assessing endoscopic activity. Furthermore,
endoscopic remission was defined as an MES of ≤1. Clinical
activity was evaluated based on stool frequency and bloody
stool. Receiver operating characteristic curve analysis and
binary logistic regression were performed to assess the
diagnostic accuracy of the biomarkers. We evaluated LRG
trends and treatment response in patients with MES ≥2 who
underwent induction therapy. Results: This study comprised
214 patients. The proportions of endoscopically and clini-
cally active patients were 33.6% and 49.1%, respectively. LRG
had an area under the curve (AUC) of 0.856, with a higher
diagnostic accuracy than other biomarkers, such as
C-reactive protein, leukocyte, neutrophil, platelet, and
albumin. The cutoff value for LRG was 15.6 μg/mL (sensi-
tivity, 72.2%; specificity, 86.6%). Using the MES, patients with
higher scores had higher LRG levels than those with lower
scores. The cutoff value, AUC, sensitivity, and specificity
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varied with a higher AUC for left-sided colitis and pancolitis
than for proctitis. Logistic regression analysis showed that
LRG was an independent predictor of endoscopic remission
using multivariate analysis, even with the factor of clinical
activity. The change ratio of LRG pre- and post-treatment
was statistically significant in the higher LRG group.
Conclusion: LRG reflected endoscopic activity indepen-
dently, regardless of clinical symptoms. An LRG below the
cutoff value could indicate a significantly low probability of
endoscopic activity in asymptomatic patients, and follow-up
endoscopy (not for cancer screening) may be unnecessary.
Furthermore, a higher LRG level might be more useful as an
indicator of treatment efficacy. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Ulcerative colitis (UC) is a chronic inflammatory
bowel disease characterized by recurrent episodes of
colonic inflammation. However, its diagnosis and man-
agement depend heavily on clinical symptoms, endo-
scopic findings, and histological evaluations, which are
susceptible to interpatient and interobserver variability
and may not accurately reflect disease activity.

Serada et al. [1] performed semiquantitative protein
analysis of serum samples obtained from patients with
rheumatoid arthritis pre- and post-treatment with anti-
tumor necrosis factor-α antibodies and identified a novel
acute-phase protein known as leucine-rich alpha-2-gly-
coprotein (LRG). LRG is a potential biomarker for disease
activity and reflects mucosal healing in patients with UC.
Notably, it was covered in June 2020 by the National
Health Insurance System in Japan.

Several studies have evaluated the correlation between
serum LRG levels and UC disease activity and demonstrated
that LRG levels were significantly higher in patients with
active disease than those in remission. LRG levels have also
been associated with endoscopic disease activity and histo-
logical inflammation [2–4]. These findings suggest that LRG
may be a useful biomarker for disease activity and moni-
toring the therapeutic response in patients with UC.
However, only a few studies have described a detailed
sensitivity analysis of LRG in predicting mucosal healing in
patients with UC. Furthermore, endoscopic activity has not
been compared with LRG, other biomarkers, and symptoms.
Therefore, this study aimed to evaluate the association be-
tween LRG and the endoscopic activity of UC and the
predictability of this marker for mucosal healing compared
with other biomarkers and symptoms and explore its novel
utility and clinical applicability from new perspectives.

Materials and Methods

Patients
This retrospective case series study was conducted at Kanazawa

University Hospital, Ishikawa, Japan, and included all consecutive
patients with UC who underwent total colonoscopy between April
2021 (since LRG could be measured at our hospital) and Sep-
tember 2022. UC was diagnosed based on the established diag-
nostic criteria [5]. All patients underwent confirmation of their
symptoms and biomarkers, including LRG, C-reactive protein
(CRP), leukocyte, neutrophil, platelet, and albumin, on the same
day as their colonoscopy. Nanopia LRG (Sekisui Medical) was used
for measuring LRG. The exclusion criteria included total colorectal
resection with a stoma or ileal pouch. Furthermore, patients with
other diseases that could affect the LRG and CRP levels, including
extraintestinal complications, collagen disease, infectious disease,
and malignancy during colonoscopy, and those who received
severe acute respiratory syndrome coronavirus 2 vaccination
within 1 week before blood collection were also excluded.
Moreover, if multiple colonoscopies were performed during the
period, only the findings of the first one were included and the
others were excluded.

Assessment of the Endoscopic Activity of UC
The patients with UC were classified according to the extent of

disease involvement as E1 (proctitis), E2 (left-sided colitis), or E3
(pancolitis), according to the Montreal classification [6]. Endo-
scopic activities were determined using the Mayo endoscopic
subscore (MES) [7], and its remission (mucosal healing) was
defined as an MES of ≤1.

Experienced endoscopists performed all endoscopic exami-
nations. Two endoscopists (T.H. and K.K.), who were the principal
readers, assessed MES through video recordings by blinding the
results of serum markers. Consensus was reached upon discussion
among the endoscopists in case of disagreement.

Assessment of the Clinical Activity of UC
In our study, the clinical activity of UC was assessed based on

symptoms as follows: if daily stool frequency was greater by 3 or
more stools compared to the normal frequency (Mayo subscore
of ≥2) or if bloody stool was observed (Mayo subscore of ≥1).
Clinical remission was defined as neither diarrhea (daily number of
stools greater by 3 or more compared to the normal number) nor
bloody stool. On the contrary, clinical nonremission (clinically
active) was defined as daily number of stools greater by 3 or more
compared to the normal number of bloody stools. The partial
Mayo score, Rachmilewitz index, and Lichtiger index are com-
monly used for assessing the clinical activity of UC. However, these
indices include the physicianʼs and investigator’s global assess-
ments of symptomatic state or general well-being, which could
significantly vary among evaluators. Therefore, we only used stool
frequency and bloody stool to assess the clinical activity of UC
since we aimed to assess the patient’s objective, not subjective,
symptoms.

Outcome Measures
We assessed the patients’ background, including age, sex, and

clinical characteristics, such as the extent of disease involvement
and biomarkers. LRGwas evaluated for eachMES and the extent of
disease involvement. Receiver operating characteristic (ROC)
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curve analysis was used for assessing the diagnostic accuracy of
biomarkers, including LRG, for the endoscopic activity of UC. The
associations between endoscopic activity and patient background,
biomarkers, and symptoms were assessed to identify the param-
eters that could predict the endoscopic activity of UC. Therefore, to
evaluate the usefulness of LRG for assessing endoscopic activity,
we used multivariate analysis to examine potential confounding
factors such as age, sex, biomarkers other than LRG, and symp-
toms (clinical activity). Endoscopic remission was the dependent
variable. Explanatory variables were used in age, sex, and LRG in
model 1. The body mass index (BMI) and other biomarkers were
included in model 2. Additionally, clinical activity was included in
model 3. LRG was analyzed with binary values (0 and 1 signify
above and below the cutoff values, respectively) to validate the
cutoff value. Additionally, we evaluated LRG trends and treatment
response in patients with MES ≥2 who underwent induction
therapy to explore the different utilities of LRG, including its
potential as a prognostic marker in the longitudinal evaluation of
LRG. Specifically, among the patients who subsequently under-
went endoscopy to determine treatment efficacy, we evaluated the
association between endoscopic remission rate and LRG trends
between the high LRG (above the cutoff value) group and the low
LRG (below the cutoff value) group. For LRG trends, the difference
([post-treatment] − [pre-treatment]) and change ratio {([post-
treatment] − [pre-treatment])/pre-treatment} were determined.
Post-treatment LRG was confirmed on the same day as the post-
treatment colonoscopy. We additionally performed the same
evaluation of LRG after induction therapy by clinical activity
before induction therapy (between clinically active and inactive
groups).

Statistical Analyses
Continuous non-parametric variables are presented as the

median with range or interquartile range (IQR), and parametric
variables are expressed as the mean (standard deviation [SD]).

Between-group comparisons were performed using the Student’s
t test or the Mann-Whitney U test. Categorical variables are expressed
as percentages, and between-group comparisons were performed
using Fisher’s exact tests. The association between the endoscopic
activity of UC and biomarkers was determined using ROC curves and
the area under the curve (AUC). The point with the smallest distance
to the upper left corner was set as the cutoff value. Binomial logistic
regression analysis was performed as amultivariate analysis to evaluate
the usefulness of LRG for assessing endoscopic activity. Statistical
significance was considered at p < 0.05. All statistical analyses were
performed using the Statistical Package for the Social Sciences 22.0
(IBM Corporation, Armonk, NY, USA).

Results

Patient Characteristics
Table 1 summarizes the patients’ clinicopathological

characteristics. Overall, 214 patients were included, of
whom 60.7% (130/214) were male, and the patients’
median (range) age was 41 (8–71) years. Regarding the
indications for colonoscopy, 5.6% (12/214 patients), 47.7%
(102/214 patients), and 46.7% (100/214 patients) were
diagnosed with UC, cancer surveillance, and disease
activity evaluation, respectively. Based on the Montreal
classification, 15.4% (33/214 patients), 35.5% (76/214
patients), and 49.1% (105/214 patients) of the patients had
E1 (proctitis), E2 (left-sided colitis), and E3 (pancolitis)
diseases, respectively. The proportions of endoscopically
and clinically active patients were 33.6% (72/214 patients)
and 49.1% (105/214 patients), respectively.

Table 1. Baseline characteristics
All patients (n = 214)

Median age, years (range) 41 (8–71)
Sex (female:male) n (%) 84 (39.3):130 (60.7)
Indication of colonoscopy

Diagnosis of UC, n (%) 12 (5.6)
Cancer surveillance, n (%) 102 (47.7)
Disease activity evaluation, n (%) 100 (46.7)

MES (0:1:2:3), n (%) 86 (40.2):56 (26.2):53 (24.8):19 (8.9)
Clinically active, n (%) 105 (49.1)

≥3 stools more than normal, n (%) 88 (41.1)
Rectal bleeding, n (%) 77 (36.0)

Extent of disease involvement (E1:E2:E3), n (%) 33 (15.4):76 (35.5):105 (49.1)
Median LRG, μg/mL (range) 12.6 (6.0–65.1)
Median CRP, mg/dL (range) 0.05 (0.00–13.01)
Median leukocyte count, 103/μL (range) 5.74 (2.58–20.60)
Median neutrophil count, 103/μL (range) 3.46 (0.92–16.27)
Median platelet count, 104/μL (range) 27.1 (10.4–79.6)
Median albumin, g/dL (range) 4.3 (1.8–5.2)

LRG, leucine-rich alpha-2-glycoprotein; CRP, C-reactive protein.
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Association between the Endoscopic Activity of UC and
Biomarkers, Including LRG
Assessing the diagnostic accuracy of biomarkers using

the ROC curve analysis showed that the AUC for LRG
was 0.856 (95% confidence interval [CI], 0.800–0.912),
which was higher than those for CRP (0.786; 95% CI:
0.714–0.858), leukocyte (0.772; 95% CI: 0.704–0.841),
neutrophil (0.769; 95% CI: 0.698–0.840), platelet (0.786;
95% CI: 0.719–0.853), and albumin (0.794; 95% CI:
0.731–0.858) (shown in Fig. 1). Furthermore, assessing
the endoscopic activity of UC showed that the cutoff
value for LRG in our study was 15.6 μg/mL, with a
sensitivity and specificity of 72.2% and 86.6%,
respectively.

LRG Level and the Percentage of Less than the Cutoff
Value for Each MES
The median (IQR) serum LRG level (μg/mL) and

percentage of less than the cutoff value were 12.6
(10.1–17.6) and 68.7% (147/214 patients), respec-
tively. Based on the MES, the median serum LRG level
and percentage of less than the cutoff value were 11.0
(9.1–12.9) and 96.5%, 11.7 (9.6–15.8) and 75.0%, 18.5
(13.0–27.0) and 34.0%, and 29.1 (19.7–33.0) and
21.1% for MES 0 (n = 86), MES 1 (n = 56), MES 2
(n = 53), and MES 3 (n = 19), respectively (shown in

Fig. 2). Furthermore, even below the LRG cutoff
value, 15.0% (22/147) of the patients were in endo-
scopic nonremission.

Association between the Endoscopic Activity of UC and
LRG Level for Each Disease Distribution
The median (IQR) levels of serum LRG (μg/mL) were

as follows: E1 (proctitis) (n = 33), 11.6 (10.6–14.8); E2
(left-sided colitis) (n = 76), 12.0 (10.3–16.3); and E3
(pancolitis) (n = 105), 13.4 (9.7–20.8). Regarding E1
(proctitis), the AUC was 0.769 (95% CI: 0.530–1.00) and
the cutoff value for LRG was 17.8 μg/mL, with a sensi-
tivity and specificity of 42.9% and 100%, respectively.
Regarding E2 (left-sided colitis), the AUC was 0.882 (95%
CI: 0.788–0.975) and the cutoff value for LRG was 15.6
μg/mL, with a sensitivity and specificity of 76.0% and
90.2%, respectively. Considering E3 (pancolitis), the AUC
was 0.846 (95% CI: 0.768–0.923) and the cutoff value for
LRG was 14.7 μg/mL, with a sensitivity and specificity of
77.5% and 84.6%, respectively (shown in Fig. 3).

Independent Factors Related to the Endoscopic Activity
of UC
In total, 3.7% (4/109) of the patients with clinical

remission (neither daily number of stools greater by 3 or
more compared to the normal number nor bloody stool)

Fig. 1.Diagnostic accuracy of biomarkers based on ROC curve analysis for endoscopic activity. LRG, leucine-rich
alpha-2 glycoprotein; CRP, C-reactive protein; ROC, receiver operating characteristic; AUC, area under the
curve; CI, confidence interval.
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were in endoscopic nonremission. However, no cases of
endoscopic nonremission were observed when the LRG
was below the cutoff value, but clinical remission was
observed (Table 2). Using multivariate analysis, age (p =
0.024) and LRG (p < 0.001) in model 1; LRG (p < 0.001)
and albumin (p = 0.009) in model 2; and LRG (p < 0.001),
albumin (p = 0.008), and clinical activity (p < 0.001) in
model 3 were independent predictors of endoscopic re-
mission (Table 3).

Longitudinal Evaluation of LRG as a Prognostic
Marker and Indicator of the Efficacy of Induction
Therapy of Endoscopic Nonremission Cases
No statistical difference was found between the

two groups, categorized as high and low LRG groups
(above and below the cutoff value of LRG with an
MES of ≥2, respectively) in age, sex, extent of disease
involvement, MES before induction therapy, and
medication of induction therapy. The median
number of days from treatment initiation to post-
treatment endoscopy was 183 in the high LRG group
and 254 in the low LRG group; however, there was no
significant difference between these groups. The
endoscopic remission rate and MES trends did not
significantly differ between these groups. However,
the LRG difference and change ratio between pre-

and post-treatment were statistically more prom-
inent in the high LRG group than in the low LRG
group. Even limited to endoscopic remission cases,
similar trends were observed between the groups
(Table 4). By the same evaluation of LRG after in-
duction therapy by clinical activity (between the
clinically active group and the inactive group) before
induction therapy, no statistical difference was ob-
served in age, sex, extent of disease involvement, MES
before induction therapy, medication of induction
therapy, days from treatment initiation to post-
treatment endoscopy, endoscopic remission after
treatment, MES differences, and LRG differences
(both value and change ratio) (Table 5).

Discussion

According to a meta-analysis, achieving mucosal
healing could reduce the risk of recurrence and surgery
and promote long-term mucosal healing [8]. Since mu-
cosal healing has become an accepted treatment goal,
there is a growing interest in determining the methods for
its evaluation. Although colonoscopy is crucial for as-
sessing mucosal healing and remains the gold standard
for evaluating the disease activity in patients with UC, it is

Fig. 2. Median level of serum LRG and the percentage of less than the cutoff value based on the MES. LRG,
leucine-rich alpha-2 glycoprotein; MES, Mayo endoscopic subscore; IQR, interquartile range.
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invasive and difficult to perform frequently and may
worsen symptoms in them [9]. Therefore, there is a
demand for reliable noninvasive surrogate markers that
could substitute for colonoscopy.

In this study, we assessed the correlation between LRG
level and endoscopic activity in patients with UC and also
compared its efficacy as a predictor of mucosal healing with

that of other biomarkers and symptoms. Blood biomarkers
are convenient to measure for both patients and physicians.
According to the ROC curve analysis, our study revealed
that LRG was a more effective biomarker for predicting
endoscopic activity than CRP, leukocyte, neutrophil,
platelet, or albumin. Additionally, serum LRG levels were
positively correlated with the endoscopic activity. To date,

Fig. 3.Diagnostic accuracy of LRG based on ROC curve analysis for endoscopic activity. ROC, receiver operating
characteristic; AUC, area under the curve; CI, confidence interval.

Table 3. Predictors of endoscopic remission − independent factors related to endoscopic activity

Model 1 Model 2 Model 3

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

Age (+1 year) 1.03 (1.00–1.05) 0.024 1.02 (0.99–1.04) 0.164 1.03 (1.00–1.07) 0.070
Female (vs. male) 0.83 (0.40–1.71) 0.613 0.99 (0.45–2.21) 0.985 0.78 (0.28–2.12) 0.623
LRG < COV = 15.6 μg/mL (vs. ≥COV) 17.13 (8.21-35.74) <0.001 7.22 (3.00-17.36) <0.001 8.20 (2.59-26.02) <0.001
BMI (+1 kg/m2) 1.03 (0.92–1.14) 0.633 1.00 (0.89–1.13) 0.974
CRP (−1 mg/dL) 0.92 (0.57–1.49) 0.746 0.78 (0.51–1.19) 0.249
Leukocyte (−1,000/μL) 1.11 (0.64–1.93) 0.717 0.93 (0.47–1.85) 0.833
Neutrophil (−1,000/μL) 0.98 (0.54–1.79) 0.969 1.11 (0.53–2.37) 0.771
Platelet (−10,000/μL) 1.02 (0.97–1.08) 0.423 0.97 (0.90–1.04) 0.376
Albumin (+0.1 mg/dL) 1.19 (1.04-1.35) 0.009 1.28 (1.07-1.53) 0.008
Clinical activity inactive (vs. active) 39.17 (10.55-145.93) <0.001

OR, odds ratio; CI, confidence interval; COV, cutoff value; LRG, leucine-rich alpha-2-glycoprotein; CRP, C-reactive protein; BMI,
body mass index.

Table 2. Rate of endoscopic remission
Clinical remissiona,
n (%)

Clinical nonremission,
n (%)

LRG < COV = 15.6 μg/mL 96/96 (100) 29/51 (56.9)
LRG ≥ COV = 15.6 μg/mL 9/13 (69.2) 8/54 (14.8)

LRG, leucine-rich alpha-2-glycoprotein; COV, cutoff value. aNeither ≥3 stools more
than the normal daily number nor bloody stool.

6 Inflamm Intest Dis
DOI: 10.1159/000534001

Hayashi et al.

https://doi.org/10.1159/000534001


some studies have assessed the role of LRG in patients with
UC. Serada et al. [2] found elevated LRG levels in patients
with UC, which strongly correlated with clinical activity
compared with CRP, whereas endoscopic evaluation was
not included in the study. Shinzaki et al. [3] found that LRG
was more strongly correlated with clinical and endoscopic
activities than CRP in patients withUC (n = 129). They also
demonstrated that LRG levels could be used for dis-
tinguishing between clinical remission and mucosal heal-
ing, even in patients with normal CRP levels. Yasutomi
et al. [10] and Matsumoto et al. [11] found that LRG
correlated with endoscopic activity and could predict
mucosal healing in patients with UC (n = 166 and n = 190).
Compared with the results of previous reports, our study,
comprising a larger number of patients, supported previous
studies’ results regarding the usefulness of LRG for pre-
dicting the endoscopic activity. Additionally, we evaluated
the association between bloodmarkers other than CRP and
endoscopic activity, which has rarely been studied, and the
results revealed that LRG was the most beneficial blood

marker. The patients were consecutively recruited in this
study, making it more representative of actual clinical
settings than those arbitrarily selected with varying levels of
activity in previous reports to demonstrate the performance
of LRG.

Although the reference value of LRGwas found to be 16.0
μg/mL [2, 3], reports on cutoff values for predictingmucosal
healing in patients with UC are extremely limited. In our
study, the cutoff value for LRG was 15.6 μg/mL, which was
close to the reference value. Therefore, the sensitivity and
specificity could be regarded as being clinically useful.

Analyzing the association between endoscopic activity
and LRG levels for each disease distribution, the cutoff
values for E2 (left-sided colitis) and E3 (pancolitis) were
close to those previously reported, and both sensitivity
and specificity were considered clinically useful. How-
ever, in E1 (proctitis), sensitivity was deemed low.
Moreover, the usefulness of LRG levels as a biomarker
remained unclear. Horiuchi et al. [12] reported that the
LRG level was not elevated in patients with E1 (proctitis)

Table 4. Longitudinal evaluation of LRG after induction therapy for endoscopic nonremission cases between the high LRG (above
the cutoff value) and the low LRG (below the cutoff value) groups

LRG ≥ COV
(n = 39)

LRG < COV
(n = 16)

p value

Median age, years (range) 40.5 (13–62) 30 (11–73) 0.800
Sex (female:male) n (%) 16 (41.0):23 (59.0) 6 (37.5):10 (62.5) 0.808
Extent of disease involvement (E1:E2:E3), n (%) 2 (5.1):14 (35.9):23 (59.0) 2 (12.5):4 (25.0):10 (62.5) 0.527
MES before induction therapy (2:3), n (%) 27 (69.2):12 (30.8) 13 (81.3):3 (18.8) 0.363
Clinically activea, n (%) 35 (89.7) 16 (100) 0.448
Induction therapy, n (%) 0.940

Mesalamine 14 (35.9) 6 (37.5)
Steroids 9 (23.1) 3 (18.8)
Thioprines 6 (15.4) 2 (12.5)
TNF-alpha inhibitor 10 (25.6) 3 (18.8)
Ustekinumab 4 (10.3) 1 (6.3)
Vedolizumab 5 (12.8) 1 (6.3)
Janus kinase inhibitor 2 (5.1) 2 (12.5)

Median days from treatment initiation to
post-treatment endoscopy

183 (69–682) 254 (14–753) 0.931

Endoscopic remission after treatment, n (%) 23 (59.0) 9 (62.5) 0.852
MES differences (post-pre) −1.00±0.92 −1.00±0.97 1,000
LRG differences (post-pre), μg/mL −9.16±10.78 1.11±4.71 <0.001
LRG change ratio ([post-pre]/pre [%]) −31.7±29.1 9.7±40.6 <0.001

Endoscopic remission cases LRG ≥ COV
(n = 23)

LRG < COV
(n = 9)

p value

LRG differences (post-pre), μg/mL −13.94±10.97 −0.54±1.93 0.001
LRG change ratio ([post-pre]/pre [%]) −48.5±20.0 −4.1±16.0 <0.001

LRG, leucine-rich alpha-2-glycoprotein; COV, cutoff value; TNF, tumor necrosis factor; MES, Mayo endoscopic subscore. a ≥3
stools more than the normal daily number or bloody stool.
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disease and that LRG could not predict the presence of
ulcerative proctitis. The degree of serum LRG level ele-
vation may be closely related to the extent of colorectal
mucosa with active inflammation, with the result that the
LRG level was not elevated in our patients with E1
(proctitis) disease compared with that in participants
with E2 (left-sided colitis) or E3 (pancolitis) diseases. The
number of patients with E1 (proctitis) disease was in-
sufficient even in this study. Therefore, the usefulness of
LRG for E1 (proctitis) disease should be further eluci-
dated by accumulating cases.

Our study showed that an LRG level below the cutoff
value could not solely exclude endoscopic nonremission.
However, all patients with LRG levels below the LRG cutoff
value and without diarrhea or bloody stool were in endo-
scopic remission. In subsequent multivariate analysis, LRG
was an independent factor of endoscopic remission. Addi-
tionally, clinical activity, such as diarrhea and bloody stool,
was added to a factor of themultivariate analysis. Specifically,
LRG reflected endoscopic activity independently, regardless
of the symptoms. This point has not been previously re-
ported, making it a noteworthy aspect of our study.

In models 2 and 3, higher albumin level was an in-
dependent factor in endoscopic remission. A suppressed
albumin reflects a systemic inflammatory burden and is a
known poor prognostic marker in multiple disease

entities, including UC [13]. However, in endoscopic re-
mission, higher age was an independent factor only in
model 1, possibly because children with inactive UC
tended to avoid endoscopy more than adults.

A previous study revealed that baseline LRG levels, which
suggest mucosal healing, differed among patients [11].
Shinzaki et al. [4] reported that LRG levels reflected clinical
and endoscopic disease activities at each predetermined time
point and that they could be determined before treatment
initiation for inducing remission, and subsequently mea-
sured periodically tomonitor changes in disease activity. Our
longitudinal evaluation revealed that the difference and
change ratio of LRG pre- and post-treatment were statisti-
cally significant above the cutoff value of LRG. This suggests
that a higher value of LRG could be more useful as a bio-
marker since the decrease in LRG has become more pro-
nounced. Therefore, it can be inferred that the difference in
LRG would be more pronounced in cases of higher LRG
values. However, the change ratio of LRG pre- and post-
treatment was also more pronounced in cases of higher LRG
values. Although some reports have assessed the delta value
of LRG [11], only a few have assessed the LRG change ratio.
We expected that if this ratio of the low LRG group was
prominent, as well as that of the high LRG group, we could
find further usefulness of LRG as a biomarker of UC.
However, the change ratio of the low LRG group was not

Table 5. Longitudinal evaluation of LRG after induction therapy for endoscopic nonremission cases by clinical activity at baseline

Clinically activea

(n = 51)
Clinically inactive
(n = 4)

p value

Median age, years (range) 30 (11–73) 36 (17–52) 0.864
Sex (female:male) n (%) 20 (39.2):31 (60.8) 2 (50.0):2 (50.0) 0.672
Extent of disease involvement (E1:E2:E3), n (%) 3 (5.9):18 (35.3):30 (58.8) 1 (25.0):0 (0.0):3 (75.0) 0.179
MES before induction therapy (2:3), n (%) 36 (70.6):15 (29.4) 4 (100):0 (0.0) 0.203
Median LRG before induction therapy, μg/mL (range) 21.1 (8.1–65.1) 17.4 (16.6–21.5) 0.409
Induction therapy, n (%) 0.861

Mesalamine 18 (35.3) 2 (50.0)
Steroids 10 (19.6) 2 (50.0)
Thioprines 7 (13.7) 1 (25.0)
TNF-alpha inhibitor 12 (23.5) 1 (25.0)
Ustekinumab 5 (9.8) 0 (0.0)
Vedolizumab 6 (11.8) 0 (0.0)
Janus kinase inhibitor 4 (7.8) 0 (0.0)

Median days from treatment initiation to
post-treatment endoscopy

196 (14–753) 312 (100–483) 0.537

Endoscopic remission after treatment, n (%) 30 (58.8) 2 (50.0) 0.730
MES differences (post-pre) −1.02±0.93 −0.75±0.96 0.579
LRG differences (post-pre), μg/mL −6.44±10.81 −2.78±4.22 0.507
LRG change ratio ([post-pre]/pre [%]) −20.1±38.7 −13.9±20.8 0.756

LRG, leucine-rich alpha-2-glycoprotein; COV, cutoff value; TNF, tumor necrosis factor; MES, Mayo endoscopic subscore. a ≥3
stools more than the normal daily number or bloody stool.
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conspicuous in our study. Thus, we could not find any
usefulness of LRG in the low LRG group in the lon-
gitudinal study. Regarding clinical activity before in-
duction therapy, no statistical difference was observed
in the trends of MES and LRG. Although the number
of clinically inactive cases was low in our study, this
suggests that induction therapy, whether in clinically
active or inactive cases, resulted in a similar decrease in
LRG as endoscopic findings improved.

A question remains on how LRG should be clinically
used. In asymptomatic patients, if the LRG level is below the
cutoff value, the probability of endoscopic activity is con-
sidered significantly low, and endoscopy for follow-up
purposes (not for cancer screening evaluation) may be
omitted. However, even in asymptomatic patients, an ele-
vated LRG levelmay indicate endoscopic activity andmay be
a criterion for the decision to perform a colonoscopy. Ad-
ditionally, scoring blood biomarkers, in addition to symp-
toms, is crucial to predicting endoscopic activity assessment.
Therefore, using a well-designed validation study protocol
and collecting data directly from the participants, we hope to
provide robust evidence of the potential of LRG as a di-
agnostic marker for UC. Particularly, we should take into
account the risk of carcinogenesis and not omit endoscopy
for cancer screening.

Although a recent study has reported no difference in
LRG levels between healthy individuals and patients withUC
[14], certain factors, such as age, sex, and BMI, could affect
LRG values. A previous study demonstrated an association
between CRP and fecal calprotectin levels and age, sex, and
BMI [15–19]. Since we could not perform adjustments based
on these variables in our analysis due to insufficient data,
further data collection is necessary for a better understanding
of the effects of the factors affecting LRG.

This study has some limitations. First, it was conducted at
a single institution. Second, histological studies were not
evaluated. Third, novel biomarkers, such as anti-integrin
αvβ6, and nonblood biomarkers, such as fecal calprotectin
and prostaglandin E-major urinary metabolite, were not
evaluated. Finally, this retrospective study relied on existing
medical records, which may contain incomplete or inac-
curate information and could not be controlled for con-
founding variables that were not recorded in the data.

In conclusion, LRG reflected endoscopic activity inde-
pendently, regardless of clinical symptoms. An LRG below
the cutoff value could indicate a significantly low probability
of endoscopic activity in asymptomatic patients, wherein
follow-up endoscopy (not cancer screening) may be un-
necessary. Furthermore, a higher LRG level might be more
useful as an indicator of treatment efficacy.
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