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Background: The usefulness of leucine-rich alpha 2 glycoprotein (LRG) to evaluate Crohn’s disease (CD) activity differs among various intestinal
lesions. We aimed to evaluate the association between endoscopic disease activity based on the Simple Endoscopic Score for Crohn’s disease
(SES-CD) and LRG level separately for small intestinal and colonic lesions.

Methods: \We examined the correlation between LRG level and SES-CD and performed receiver operating characteristic (ROC) analysis to
determine the LRG cutoff value in 141 patients who underwent endoscopy (total 235 measurements). Furthermore, the LRG cutoff value was
analyzed by comparing small intestinal and colonic lesions.

Results: LRG levels were significantly higher in patients without mucosal healing than in those with mucosal healing (15.9 pg/mL vs 10.5 pg/
mL, P < .0001). The LRG cutoff value for mucosal healing was 14.3 ng/mL (area under the ROC curve [AUC]: 0.80; sensitivity: 0.89; specificity:
0.63). The LRG cutoff value for patients with type L1 was 14.3 pg/mL (sensitivity: 0.91; specificity: 0.53), and that for patients with type L2 was
14.0 png/mL (sensitivity: 0.95; specificity: 0.73). The diagnostic performance (AUC) of LRG and C-reactive protein (CRP) for mucosal healing was,
respectively, 0.75 and 0.60 (P = 0.01) in patients with type L1 and 0.80 and 0.85 (P = 0.90) in patients with type L2.

Conclusions: The optimal LRG cutoff value for evaluating mucosal healing in CD is 14.3 pg/mL. LRG is more useful than CRP for predicting
mucosal healing in patients with type L1. The superiority of LRG to CRP differs between small intestinal and colonic lesions.

Lay Summary

The superiority of leucine-rich alpha 2 glycoprotein (LRG) to C-reactive protein (CRP) differs between small intestinal and colonic lesions. For
Crohn's disease patients with ileum-dominant activity, monitoring of both LRG and CRP is necessary, instead of monitoring CRP alone.
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Introduction the wide use of biological agents,® the minimization of the
need for surgery further requires regular control of disease
activity and long-term remission maintenance therapy. The
Selecting Therapeutic Targets in Inflammatory Bowel Disease
(STRIDE-II) statement proposes clinical remission as an im-
portant medium-term therapeutic goal and mucosal healing
as an important long-term therapeutic goal for patients
with IBD.* Since mucosal healing is closely associated with
a shorter length of hospital stay and a lower surgery rate,**
therapeutic strategies aiming at mucosal healing are required.

To achieve mucosal healing, which is the target for drug ef-
ficacy evaluation, the disease activity needs to be maintained
low by regular control of the disease activity based on clin-

tumor necrosis factor (TNF)-a agents, anti-interleukin (IL) ical symptoms, ,SUCh as diarrhea and gbdommgl pain, and on
12/23 antibodies, and anti-04p7 integrin antibodies; more- laborgtory findings, such as C-reactive protein (CRF) leyel.
over, anti-IL-23 antibodies were added in 2022. Therefore, CRP is an acute-phase protein that is synthesized in the liver
therapeutic options for CD are greatly increasing. On the in response to IL-6 stimulation. CRP is the most widely used

other hand, many patients require surgery because of intes- surrogate marker for monitoring clinical disease activity in
tinal complications such as stenosis and fistula. The cumula- IBD. Although CRP is also an important serum marker for

tive surgery rates are reported to be 16.3% at 1 year, 33.3% predicting mucosal healing,”® its usefulness for predicting
at 5 years, and 46.6% at 10 years after the diagnosis of CD.2 mucosal healing in daily clinical practice is limited because
Although the surgery rate has been decreasing because of the CRP cutoff value for predicting mucosal healing is low*!"!

Crohn’s disease (CD) is a refractory inflammatory bowel dis-
ease (IBD) of unknown cause and with a progressive course
because inflammation of the intestinal tract persists even
without clinical symptoms and because CD causes intestinal
complications such as stenosis and fistula in addition to ulcer.
In the 2016 National Epidemiological Survey, the Health and
Labour Sciences Research Group reported 220,000 patients
registered with ulcerative colitis and 70,000 patients regis-
tered with CD. Although there are more patients with ulcer-
ative colitis than with CD in Japan, the number of patients
with CD is increasing every year.!

The biological agents used for CD treatment include anti-
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and because CRP measurements fluctuate in an extremely
narrow range.

Leucine-rich alpha 2 glycoprotein (LRG), a new acute-
phase protein, was identified based on the results of protein
semi-quantitative analysis using serum samples collected from
patients with rheumatoid arthritis before and after treatment
with anti-TNF-a antibodies.!> Then, LRG was demonstrated
to be useful for evaluating the disease activity of IBD. In
June 2020, LRG was newly listed on the National Health
Insurance Drug Price List in Japan. LRG has acute-phase
protein properties that are similar to those of CRP and also
properties that are different from those of CRP. For example,
LRG synthesis is induced by stimulation with cytokines such
as IL-1p, TNF-a, and IL-22 in addition to IL-6, and LRG is
synthesized not only in the liver but also at the sites of inflam-
mation."”® Although LRG has been reported to be useful for
predicting mucosal healing in not only ulcerative colitis but
also CD,'*" there are some issues such as the lack of estab-
lished cutoff values and the uncertainty about differences in
the usefulness of LRG among disease types and between the
small intestinal and colonic lesions. In this study, we analyzed
LRG levels and endoscopic disease activity in patients with
CD to determine appropriate LRG cutoff values for mucosal
healing and to evaluate the differences in the usefulness of
LRG between small intestinal and colonic lesions.

Materials and Methods

Subjects

This was a retrospective single-center study at Saitama Medical
Center. Data of 154 Japanese patients with CD who received
outpatient treatment at Saitama Medical Center between July
2020 and July 2022 and whose serum LRG levels were meas-
ured at least once were extracted from medical records. Patients
who had an evident infection, extraintestinal complications
other than mild ones, or anal fistula lesions at the time of
blood sampling for LRG measurement and patients who re-
ceived a coronavirus disease 2019 vaccine in the previous 1
week were excluded. Nanopia LRG® (Sekisui Medical, Tokyo,
Japan) was used for LRG measurements. A total of 892 LRG
measurements were performed in the 154 patients. First, the as-
sociation between LRG level and clinical disease activity was
analyzed. During the study period, endoscopy was performed
in all 154 patients (total 291 sessions). From these 154 patients,
we selected 141 patients (total 235 sessions) who underwent
ileocolonoscopy or transanal enteroscopy within 2 months be-
fore and after LRG measurement and had no changes in dis-
ease condition or treatment during the same period. In these
patients, we analyzed the association between LRG level and
endoscopic disease activity to determine the optimal cutoff
value for predicting mucosal healing. While the normal range
of CRP was defined as less than 2 mg/L, the association be-
tween LRG and endoscopic disease activity was analyzed in
CRP-negative patients. Next, to examine the differences in the
usefulness of LRG between small intestinal and colonic lesions,
the association between the optimal LRG cutoff value for
predicting mucosal healing and endoscopic disease activity was
analyzed separately for each type based on the disease location.

This study was approved by The Etiological Study Ethical
Review Board of Jichi Medical University Saitama Medical
Center. Because we produced anonymized data and used
them, the need for informed consent was waived.
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Assessment of Clinical and Endoscopic Disease
Activity

Clinical symptoms were scored using the Crohn’s Disease
Activity Index (CDAI), and a CDAI score of less than 150 was
considered to indicate clinical remission. Relapse was defined
as an increase in CDAI from less than 150 to more than 150.2°
The Simple Endoscopic Score for Crohn’s Disease (SES-CD)
is based on the evaluation of four components (ie, ulcer size,
proportion of ulcer area, proportion of lesion area, and ste-
nosis), each of which is scored on a 0- to 3-point scale sepa-
rately in five segments (ie, ileum, right colon, transverse colon,
left colon, and rectum). The SES-CD is calculated as the sum
of all component scores (0-56 points).?! In this study, stenosis
without ulcer was scored as 0 points because it is a morpho-
logical change of the intestine and is not caused by current
inflammation.?> CD severity was defined as inactive when
SES-CD was 0-2; mild, when it was 3-6; moderate, when it
was 7-15; and severe, when it was >16.2> Mucosal healing
was defined as an SES-CD of 0. All endoscopic sessions were
performed by experienced endoscopists, and endoscopic
results were scored by investigators who were blinded to he-
matologic test results. In some patients with small intestinal-
to-colonic type CD, small intestinal lesions were evaluated by
capsule endoscopy. We excluded the results of capsule endos-
copy from the analysis.

Statistical Analysis

Categorical variables are expressed as numbers of subjects
(percentages), while continuous variables are expressed as
medians (ranges) and compared using the Mann—Whitney U
test and the Kruskal-Wallis test with post hoc Bonferroni anal-
ysis. The Spearman’s rank correlation coefficient was used to
measure the strength and direction of the correlation between
two variables. The receiver operating characteristic (ROC),
is a plot of true positive fraction vs. false positive fraction,
and area under the ROC curve (AUC) was calculated to de-
termine the optimal cutoff value. All statistical analyses were
performed using EZR version 1.54 (Jichi Medical University
Saitama Medical Center, Shimotsuke, Japan).>* Differences
with P values < 0.05 were regarded as statistically significant.

Results

LRG Concentration in Relation to Clinical Activity

Table 1 shows patient characteristics. The median age of
patients was 42 years (range, 16-85 years). According to dis-
ease type, the small intestinal type (L1) accounted for 31.2%
of patients, the colonic type (L2) for 21.4%, and the small
intestinal-to-colonic type (L3) for 47.4%. LRG levels showed
a strong positive correlation with CRP level (correlation co-
efficient: 0.76; 95% confidence interval [CI]: 0.73-0.79; P <
.0001) and moderate negative correlation with albumin (Alb)
level (correlation coefficient: -0.69; 95% CI: -0.73 to -0.66;
P < .0001). Weak positive correlation was observed between
serum LRG level and CDAI (correlation coefficient: 0.47;
95% CI: 0.41-0.52; P < .01). When LRG levels (total 892
measurements) were compared between patients with CD in
clinical remission and patients with active CD, LRG levels
were higher in patients with active CD than in patients in
clinical remission (18.5 pg/mL vs 12.1 pg/mL; P < .0001).
According to disease type, serum LRG levels were higher in
those with active CD than in those in clinical remission in
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Table 1. Baseline characteristics.

All patients Subjects (7 = 141)

(n=154)
Male, number 111 (72.1%) 103 (73.0%)
Age at onset, y 6 (0-82) 6 (0-82)
Age at entry, y 2 (16-895) 2 (16-85)
Duration of ulcerative colitis, y 8 (0-41.1) 7 (0-41.1)
Disease location
Ileum (L1) 48 (31.2%) 3(30.5%)
Colon (L2) 33 (21.4%) 31 (22.0%)
Ileum and colon (L3) 3 (47.4%) 67 (47.5%)
Upper GI tract inflammation 33 (21.4%) 9 (20.6%)
Disease phenotype
Non-structuring, non- 70 (45.5%) 62 (44.0%)
penetrating (B1)
Stricturing (B2) 7 (37.0%) 4 (38.3%)
Penetrating (B3) 7 (17.5%) S5 (17.7%)
Extraintestinal manifestations 29 (18.8%) 26 (18.4%)
Anal fistula 5(16.2%) 3(16.3%)
Prior ileocolonic resection 2 (27.3%) 7 (26.2%)
Current smoking 4 (15.6%) 2 (15.6%)
Prior treatment
Corticosteroid 98 (63.6%) 90 (63.8%)
Cytapheresis 4 (2.6%) 4 (2.8%)
Immunomodulators 51(33.1%) 44 (31.2%)
Biologics 30 (19.5%) 26 (18.4%)
Concomitant treatment
Mesalazine 136 (88.3%) 124 (87.9%)
Immunomodulators 1(26.6%) 7(26.2%)
Biologics 111 (72.1%) 103 (73.0%)
Infliximab 8 (24.7%) 5(24.8%)
Adalimumab 0(26.0%) 8 (27.0%)
Ustekinumab 2 (20.8%) 9 (20.6%)
Vedolizumab 1(0.6%) 1(0.7%)
CDAI 59.7 (0-465.3)  64.0 (0-416.0)
LRG (pg/mL) 13.5(5.2-61.2) 9(53 58.3)
C-reactive protein (mg/L) 1.3 (0.1-108.9) 0(0.1-73.0)
Albumin (g/dL) 4.2 (2.2-5.3) 2 (2.7-5.1)
SES-CD NA 3(0-23)

Data are presented as median (range) or number (%). GI, gastrointestinal;
CDALI, Crohn’s disease activity index; LRG, leucine-rich alpha-2
glycoprotein; SES-CD, simple endoscopic score for Crohn’s disease

patients with type L2 or L3, but no significant difference was
observed in patients with type L1 (Figure 1).

LRG Concentration in Relation to Endoscopic
Activity

We evaluated whether LRG was associated with endoscopic
disease activity in patients with CD (141 patients with total of
235 measurements). The interval between endoscopy and LRG
measurement was 35.4 = 18.5 days (range, 0-60 days). LRG
levels steadily increased as SES-CD increased. Inflammation
of the intestinal mucosa was significantly correlated with
increased LRG levels (correlation coefficient: 0.63; 95% CI:
0.55-0.70; P <.0001) (Figure 2A). In all patients with an LRG

level of less than 7.2 ug/mL, SES-CD was 0 so that endoscopi-
cally active disease was not observed. As shown in Figure 2B,
LRG serum levels significantly increased as the endoscopic
disease activity increased (P < .0001). LRG serum levels were
significantly lower in patients with an SES-CD score of 0-2
compared with those in patients with higher scores for any
segment. In all disease types, a significant positive correla-
tion was observed between serum LRG levels and SES-CD:
L1 (correlation coefficient: 0.77; 95% CI: 0.65-0.85; P <
.0001), L2 (correlation coefficient: 0.63; 95% CI: 0.42-0.77;
P < .0001), and L3 (correlation coefficient: 0.59; 95% CI:
0.45-0.70; P < .0001). LRG levels were significantly higher
in patients without mucosal healing than in those with mu-
cosal healing (15.9 pg/mL vs 10.5 pg/mL, P < .0001). Similar
results were obtained for all disease types (Figure 3A). In ad-
dition, even among patients with CD and normal CRP levels
(CRP < 2 mg/L), LRG levels were significantly higher in those
without mucosal healing than in those with mucosal healing
(Figure 3B).

Cutoff Value of LRG and CRP for Evaluation of
Mucosal Healing in Patients with CD

Figure 4 shows ROC curves showing the abilities of LRG
and CRP to detect mucosal healing. For detection of mu-
cosal healing (SES-CD: 0), AUC of LRG was 0.80 (95% CI:
0.74-0.85) with a cutoff value of 14.3 pg/mL, and AUC of
CRP was 0.74 (95% CI: 0.68-0.80) with a cutoff value of 1.3
mg/L (P = 0.03) (Figure 4A). The diagnostic accuracy of LRG
for mucosal healing was calculated as sensitivity of 0.89,
specificity of 0.63, positive predictive value of 0.63, and nega-
tive predictive value of 0.89. When the CRP cutoff value was
set at 2 mg/L, which is considered to be within the normal
range, the diagnostic accuracy was calculated as sensitivity of
0.85, specificity of 0.45, positive predictive value of 0.52, and
negative predictive value of 0.82.

Differences among the Types of Disease Locations

To examine whether LRG levels differed between inflamma-
tion of the small intestine and colon, patients were divided
into three types based on the disease location (type L1, type
L2, and type L3) and analyzed. The SES-CD in patients with
type L2 was the highest (L1, 1; L2, 3; L3, 0; P < .001). CDAI,
LRG, and CRP showed no significant differences among the
three groups (Table 2). Based on the ROC curves showing
the abilities of LRG and CRP to detect mucosal healing, in
patients with type L1, the AUC of the LRG was 0.75 (95%
CI: 0.63-0.86) with a cutoff value of 14.3 pg/mL (sensitivity:
0.91; specificity: 0.53), and the AUC of the CRP was 0.60
(95% CI: 0.46-0.73) with a cutoff value of 2.0 mg/L (sensi-
tivity: 0.97; specificity: 0.29). LRG was superior to CRP (P
= 0.01) (Figure 4B). In patients with type L2, however, the
AUC of the LRG was 0.80 (95% CI: 0.74-0.85) with a cutoff
value of 14.0 pg/mL (sensitivity: 0.95; specificity: 0.73), and
the AUC of the CRP was 0.85 (95% CI: 0.75-0.96) with a
cutoff value of 0.8 mg/L (sensitivity: 0.76; specificity: 0.77).
The superiority of LRG was not observed (P = 0.90) (Figure
4C). In patients with type L3, the AUC of the LRG was 0.74
(95% CI: 0.61-0.87) with a cutoff value of 14.3 pg/mL (sen-
sitivity: 0.91; specificity: 0.54), and the AUC of the CRP was
0.69 (95% CI: 0.56-0.82) with a cutoff value of 0.5 mg/L
(sensitivity: 0.51; specificity: 0.83). The superiority of LRG
was not observed (P = 0.47) (Figure 4D).



Monitoring Using LRG during the Clinical Course
of Patients with CD

During the observation period, 24 relapsing episodes occurred
in 19 patients (12.3%). LRG levels were elevated in 58.3%
of these episodes (14/24), and the mean and median delta
values of LRG were 3.5 and 2.2 pg/mL, respectively. CRP
levels were elevated in 58.3% (14/24), and the mean and me-
dian delta values of CRP were 6.3 and 0.3 mg/L, respectively
(Figure 5A). Next, patients whose LRG levels increased by 5
pg/mL or more from the previous level were examined. There
were 17 such patients (11.0%) with 22 relapsing episodes.
Exacerbation of symptoms and an increase in CDAI scores
were observed in 63.6% of the episodes (14/22). In 15 of the
22 episodes, treatment was intensified. In the remaining seven
episodes, patients were followed up without intensification
of treatment. Subsequently, CD was exacerbated in two of
these patients. In these two patients, the delta values of LRG
before and after relapse were 7.6 and 8.2 pg/mL, respectively
(Figure 5B).
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Figure 1. Serum LRG levels in patients with CD categorized according to
disease activity and disease location (n = 892, cumulative total number
of LRG measurements). LRG, leucine-rich alpha-2 glycoprotein; CD,
Crohn's disease.
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Discussion

This study found an optimal LRG cutoff value for evaluating
mucosal healing in CD of 14.3 ug/mL. However, this indicator
was more useful than CRP for predicting mucosal healing in
the ileum dominant group, suggesting that its utility differs in
various intestinal lesions.

In CD, intestinal complications such as stenosis and fistula
greatly affect the quality of life of patients so that prevention
of stenosis and fistula is an important element of therapeutic
strategies for CD. Strategies that prevent these conditions can
eventually lead to avoidance of surgery. A meta-analysis re-
ported that mucosal healing can be beneficial for reducing
the risk of surgery.® Because the concept of setting mucosal
healing as the therapeutic goal has been generally accepted,
the methods to monitor for mucosal healing have attracted
attention. Although endoscopy is an essential method to eval-
uate mucosal healing, it is not only invasive and difficult to
perform frequently, but it may also exacerbate symptoms
of patients with CD.? Thus, reliable noninvasive surrogate
markers are needed as an alternative to endoscopic evaluation.

In the past, CRP has mainly been used for monitoring
patients with CD on maintenance therapy. CRP has been re-
ported to be useful for predicting mucosal healing in CD.”*
In patients with CD treated with biological agents, the CRP
cutoff value for predicting mucosal healing at week 52 was
4.2 mg/L (sensitivity: 0.95; specificity: 0.64)." We previously
reported that CRP level at the introduction of anti-TNFa
agents is a predictor of reduced therapeutic effects in patients
with CD,?* and that CRP/Alb ratio at 3 months after the in-
troduction of anti-TNFa agents is a predictor of secondary
failure.”” A previous report on patients with CD who started
treatment with anti-TNFo agents showed that treat-to-target
strategies based on CRP or Alb were useful for preventing
hospitalization, surgery, and discontinuation of biological
therapy for CD.?® Thus, a combination of CRP and Alb, which
are simple biomarkers, can improve the ability to predict mu-
cosal healing. However, CRP is difficult to use in daily clinical
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Figure 2. Serum LRG levels plotted according to endoscopic activity in patients with CD (A). Serum LRG levels according to the severity of CD (B). *P <
.05; **P < .01; ***P < .001. LRG, leucine-rich alpha-2 glycoprotein; CD, Crohn's disease; SES-CD, applied Simple Endoscopic Score for Crohn’s disease.
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Figure 4. The receiver operating characteristic curve of LRG and CRP for predicting mucosal healing. All patients (A), ileal-type (B), colonic-type (C), and
ileocolonic-type (D). LRG, leucine-rich alpha-2 glycoprotein; CRP, C-reactive protein.

Table 2. Disease activity and serum biomarker among the types of disease location.

Type L1 (n=70) Type L2 (n=51) Type L3 (n=114) P value
CDAI 49.3 (0-396.3) 62.9 (0-250.2) 56.3 (0-416.0) 0.74
LRG (pg/mL) 122(69 47.4) 127(53 44.9) 119(64 58.3) 0.15
C-reactive protein (mg/L) 8(0.1-37.3) 1(0.1-20.8) 7 (0.1-54.0) 0.27
Albumin (g/dL) 4(2.9-5.1) 2(2.7-5.1) 2(2.9-5.1) 0.39
SES-CD 1(0-8) 3(0-17) 0 (0-13) <0.001

Data are presented as median (range). CDAI, Crohn’s disease activity index; LRG, leucine-rich alpha-2 glycoprotein; SES-CD, simple endoscopic score for
Crohn’s disease

practice because of its low cutoff value.*!' Moreover, in a to significantly correlate with endoscopic disease activity,*

study in which magnetic resonance enterography and balloon and the STRIDE-II guidelines recommend a fecal calprotectin
endoscopy were performed in patients with CD in clinical re-  level of 100-250 pg/g as a medium-term therapeutic goal.*
mission whose CRP level was less than 3 mg/L, active lesions However, fecal markers have several problems, including di-
were detected in the small intestine in 45% of all patients.? urnal variation in measurements, insufficient collection of
This finding indicates that CRP is unlikely to reflect disease ac-  stool samples, and the lack of established cutoff values.?!

tivity of small intestinal lesions. Among surrogate markers to There is no defined cutoff value of fecal calprotectin, and

evaluate mucosal inflammation, fecal calprotectin was found ~ most studies use cutoff values based on ROC curves. On the
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Figure 5. Transitional change of clinical and biomarker. Transitional change of CDAI, LRG, and CRP at the two consecutive points in patients with
relapsed CD (A). Transitional change of LRG and CDAI at the three consecutive points in patients with LRG elevation of 5 pg/mL or more than the
previous value (B). Cases with (solid line) or without (dotted line) intensified treatment at the time of @. CD, Crohn's disease; LRG, leucine-rich alpha-2

glycoprotein; CRP, C-reactive protein; CDAI, Crohn's disease activity index.

other hand, the reference value of LRG is considered to be
16.0 pg/mL; however, reports on cutoff values for predicting
mucosal healing in CD are extremely limited. Yasutomi et
al. reported that the LRG cutoff value for predicting mu-
cosal healing (SES-CD: 0) in patients with CD was 13.0 pg/
mL (sensitivity: 0.84; specificity: 0.73)."> Kawamura et al.,
who performed peroral and transanal balloon endoscopy
in patients with CD, reported that the LRG cutoff value
for predicting mucosal healing (SES-CD: 0-2) was 8.9 ng/
mL (sensitivity: 0.93; specificity: 0.83).” In patients with
CD treated with biological agents, the LRG cutoff value
for predicting mucosal healing at week 52 was 13.6 ug/mL
(sensitivity: 0.85; specificity: 0.89)." In the current study, an
LRG level of 14.3 pg/mL was identified as a cutoff value for
mucosal healing (SES-CD: 0), but the diagnostic accuracy of
LRG was found to differ between small intestinal and colonic
lesions.

Small intestinal lesions are detected in approximately 70%
of patients with CD.3? A Japanese report also indicated that
small intestinal lesions are detected in 82% of patients with
CD.?* Active small intestinal lesions are independently associ-
ated with poor prognosis in patients with CD,* and extensive
small intestinal lesions are demonstrated to be a factor for
poor prognosis of CD.** Thus, the presence of small intestinal
lesions is an important element of therapeutic strategies for
CD. However, because CD is sometimes associated with ste-
nosis of particularly the small intestine, endoscopic evaluation
is often difficult. Thus, biomarkers that can predict mucosal
healing in the small intestine may be valuable for therapeutic
strategies for small intestinal lesions. In a study that focused
on small intestinal lesions of CD and evaluated balloon endo-
scopic findings with modified SES-CD, the LRG cutoff value
for predicting the presence of an ulcer measuring 5 mm or
more was 13.4 pg/mL (sensitivity: 0.79; specificity: 0.82).18
In another study that evaluated small intestinal lesions of CD

with capsule endoscopy, the LRG cutoff value for predicting
the presence of an ulcer measuring 5 mm or more was 14.0
pg/mL (sensitivity: 0.64; specificity: 0.83).* The current study
showed that, in terms of accuracy in predicting mucosal
healing, LRG was superior to CRP in patients with type L1,
but comparable to CRP in patients with type L2. Thus, for
the ileal type, monitoring of both LRG and CRP is necessary,
instead of monitoring of CRP alone.

For monitoring of mucosal status, we consider that the delta
value of LRG is also important in addition to the LRG cutoff
value. In a study of patients with IBD who started treatment
with adalimumab, Shinzaki et al. reported that LRG levels
were significantly lower at all measurement points during a
52-week period in patients with endoscopic remission than
in patients without endoscopic remission, demonstrating the
suitability of LRG for long-term monitoring.'* The current
study showed that, although LRG levels were not elevated
in approximately 40% of patients who experienced relapse,
clinical symptoms were exacerbated in 60% of patients whose
LRG levels were elevated from the previous level by 5 pg/mL.
On the other hand, among the patients with an LRG level el-
evated by 5 pg/mL, there were some patients who were only
followed up without intensification of treatment and had no
problems with clinical symptoms. Thus, future issues include
how delta values of LRG should be evaluated and interpreted
and whether treatment of asymptomatic patients should be
intensified based on elevated LRG levels alone. These issues
are difficult to solve using LRG level alone, and comprehen-
sive judgment based on measurements of CRP, Alb, etc. may
be necessary.

The current study has limitations. It is a single-center ret-
rospective study. In most study patients, LRG measurement
and endoscopy were performed on different days. Endoscopic
observation was performed with ileocolonoscopy up to the
end of the ileum in many patients. In patients who had lesions
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confirmed on the oral side from the end of the ileum at or after
the time of diagnosis, balloon endoscopy or capsule endos-
copy in combination with ileocolonoscopy was performed to
enable observation of the small intestine as soon as possible.
CD is a transmural disease, and endoscopy does not fully
capture the disease’s extent or burden. It has been reported
that transmural healing evaluated by magnetic-resonance
enterography® or ultrasonography?® is associated with better
outcomes than endoscopic mucosal healing in CD. Therefore,
some patients with SES-CD 0 may have transmural inflamma-
tion. Since the current study was based on an examination of
as many as approximately 900 LRG measurements, we con-
sider it to be a valuable study.

Conclusion

LRG levels and endoscopic scores of CD are positively
correlated, and the optimal LRG cutoff value for evaluating
mucosal healing is 14.3 pg/mL. Although LRG is not superior
to CRP in predicting mucosal healing in patients with type
L2, it is more useful for predicting mucosal healing than CRP
in patients with type L1. However, because of the low speci-
ficity and high false positive rate of LRG, the delta value may
also be useful for monitoring of LRG levels in addition to the
cutoff value.

Funding

All authors have no support or funding to report.

Conflict of Interest

All authors report no conflict of interest in this work.

Data Availability

Data are not publicly available.

References

1. Nakase H, Uchino M, Shinzaki S, et al. Evidence-based clini-
cal practice guidelines for inflammatory bowel disease 2020. |
Gastroenterol. 2021;56(6):489-526.

2. Frolkis AD, Dykeman ], Negron ME, et al. Risk of surgery for
inflammatory bowel diseases has decreased over time: a systematic
review and meta-analysis of population-based studies. Gastroen-
terology. 2013;145:996-1006.

3. Jeuring SE, van den Heuvel TR, Liu LY, et al. Improvements in the
long-term outcome of Crohn’s disease over the past two decades
and the relation to changes in medical management: results
from the population-based IBDSL cohort. Am | Gastroenterol.
2017;112:325-336.

4. Turner D, Ricciuto A, Lewis A, et al.; International Organization
for the Study of IBD. STRIDE-II: an update on the selecting thera-
peutic targets in inflammatory bowel disease (STRIDE) initiative of
the international organization for the study of IBD (IOIBD): deter-
mining therapeutic goals for treat-to-target strategies in IBD. Gas-
troenterology. 2021;160:1570-1583.

5. D’Haens GR, Fedorak R, Lémann M, et al.; IOIBD Membership.
Endpoints for clinical trials evaluating disease modification and
structural damage in adults with Crohn’s disease. Inflamm Bowel
Dis. 2009;15:1599-1604.

6. Froslie KE Jahnsen J, Moum BA, Vatn MH; IBSEN Group. Mucosal
healing in inflammatory bowel disease: results from a Norwegian
population-based cohort. Gastroenterology. 2007;133:412-422.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Hosomi S, Yamagami H, Itani S, et al. Sepsis markers soluble IL-2
receptor and soluble CD14 subtype as potential biomarkers for
complete mucosal healing in patients with inflammatory bowel dis-
ease. | Crobns Colitis. 2018;12:87-95.

Kawashima K, Ishihara S, Yuki T, et al. Calprotectin more accu-
rately predicts endoscopic remission of Crohn’s disease than sero-
logical biomarkers evaluated using balloon-assisted enteroscopy.
Inflammm Bowel Dis. 2017;23:2027-2034.

Mosli MH, Zou G, Garg SK, et al. C-reactive protein, fecal
calprotectin, and stool lactoferrin for detection of endoscopic
activity in symptomatic inflammatory bowel disease patients:
a systematic review and meta-analysis. Am | Gastroenterol.
2015;110:802-819; quiz 820.

Langhorst J, Elsenbruch S, Koelzer J, Rueffer A, Michalsen A,
Dobos GJ. Noninvasive markers in the assessment of intestinal in-
flammation in inflammatory bowel diseases: performance of fecal
lactoferrin, calprotectin, and PMN-elastase, CRP, and clinical in-
dices. Am | Gastroenterol. 2008;103:162-169.

Schoepfer AM, Beglinger C, Straumann A, et al. Fecal calprotectin
correlates more closely with the simple endoscopic score for
Crohn’s disease (SES-CD) than CRP, blood leukocytes, and the
CDAL Am ] Gastroenterol. 2010;105:162-169.

Serada S, Fujimoto M, Ogata A, et al. iTRAQ-based proteomic
identification of leucine-rich a-2 glycoprotein as a novel inflam-
matory biomarker in autoimmune diseases. Ann Rheum Dis.
2010;69:770-774.

Serada S, Fujimoto M, Terabe F, et al. Serum leucine-rich alpha-2
glycoprotein is a disease activity biomarker in ulcerative colitis.
Inflammm Bowel Dis. 2012;18:2169-2179.

Shinzaki S, Matsuoka K, Tanaka H, et al. Leucine-rich alpha-2 gly-
coprotein is a potential biomarker to monitor disease activity in in-
flammatory bowel disease receiving adalimumab: PLANET study. |
Gastroenterol. 2021;56:560-569.

Yasutomi E, Inokuchi T, Hiraoka S, et al. Leucine-rich alpha-2 gly-
coprotein as a marker of mucosal healing in inflammatory bowel
disease. Sci Rep. 2021;11:11086.

Omori T, Sasaki Y, Koroku M, et al. Serum leucine-rich alpha-2
glycoprotein in quiescent Crohn’s disease as a potential surrogate
marker for small-bowel ulceration detected by capsule endoscopy.
J Clin Med. 2022;11:2494.

Kawamura T, Yamamura T, Nakamura M, et al. Accuracy of serum
leucine-rich alpha-2 glycoprotein in evaluating endoscopic disease
activity in Crohn’s disease. Inflamm Bowel Dis. 2023;29(2):245-
253.

Kawamoto A, Takenaka K, Hibiya S, Ohtsuka K, Okamoto R,
Watanabe M. Serum leucine-rich a, glycoprotein: a novel bio-
marker for small bowel mucosal activity in Crohn’s disease. Clin
Gastroenterol Hepatol. 2022;20:e1196-e1200.

Abe 1, Shiga H, Chiba H, et al. Serum leucine-rich alpha-2
glycoprotein as a predictive factor of endoscopic remission
in Crohn’s disease. | Gastroenterol Hepatol. 2022;37:1741-
1748.

Best WR, Becktel JM, Singleton JW, Kern E. Development of a
Crohn’s disease activity index. National Cooperative Crohn’s Dis-
ease Study. Gastroenterology. 1976;70:439-444.

Daperno M, D’Haens G, Van Assche G, et al. Development and
validation of a new, simplified endoscopic activity score for
Crohn’s disease: the SES-CD. Gastrointest Endosc. 2004;60:505—
512.

Takenaka K, Ohtsuka K, Kitazume Y, et al. Comparison of mag-
netic resonance and balloon enteroscopic examination of the
small intestine in patients with Crohn’s disease. Gastroenterology.
2014;147:334-342.€3.

Sipponen T, Nuutinen H, Turunen U, Farkkild M. Endoscopic eval-
uation of Crohn’s disease activity: comparison of the CDEIS and
the SES-CD. Inflamm Bowel Dis. 2010;16:2131-2136.

Kanda Y. Investigation of the freely available easy-to-use soft-
ware “EZR” for medical statistics. Bone Marrow Transplant.
2013;48:452-458.



25.

26.

27.

28.

29.

30.

Levy I, Gralnek IM. Complications of diagnostic colonoscopy, upper
endoscopy, and enteroscopy. Best Pract Res Clin Gastroenterol.
2016;30:705-718.

Otake H, Matsumoto S, Mashima H. Does long-term efficacy differ
between infliximab and adalimumab after 1 year of continuous ad-
ministration?: a STROBE-compliant retrospective cohort study.
Medicine (Baltimore). 2017;96:€6635.

Otake H, Matsumoto S, Mashima H. Long-term clinical and
real-world experience with Crohn’s disease treated with anti-
tumor necrosis factor-a antibodies. Intest Res. 2022;20(4):464—
474.

Shiga H, Abe I, Onodera M, et al. Serum C-reactive protein and
albumin are useful biomarkers for tight control management of
Crohn’s disease in Japan. Sci Rep. 2020;10(1):511.

Takenaka K, Ohtsuka K, Kitazume Y, et al. Utility of magnetic
resonance enterography for small bowel endoscopic healing in
patients with Crohn’s disease. Am | Gastroenterol. 2018;113:283—
294.

D’Haens G, Ferrante M, Vermeire S, et al. Fecal calprotectin is a
surrogate marker for endoscopic lesions in inflammatory bowel
disease. Inflamm Bowel Dis. 2012;18:2218-2224.

31.

32.

33.

34.

35.

36.

Matsumoto and Mashima

Nancey S, Boschetti G, Moussata D, et al. Neopterin is a novel
reliable fecal marker as accurate as calprotectin for predicting
endoscopic disease activity in patients with inflammatory bowel
diseases. Inflamm Bowel Dis. 2013;19:1043-1052.

Dulai PS, Singh S, Vande Casteele N, et al. Should we divide
Crohn’s disease into ileum-dominant and isolated colonic diseases?
Clin Gastroenterol Hepatol. 2019;17:2634-2643.

Yasukawa S, Matsui T, Yano Y, et al. Crohn’s disease-specific mor-
tality: a 30-year cohort study at a tertiary referral center in Japan.
J Gastroenterol. 2019;54:42-52.

Vermeire S, Ferrante M, Rutgeerts P. Recent advances: personalised
use of current Crohn’s disease therapeutic options. Gut.
2013;62:1511-1515.

Lafeuille P, Hordonneau C, Vignette J, et al. Transmural healing
and MRI healing are associated with lower risk of bowel damage
progression than endoscopic mucosal healing in Crohn’s disease.
Aliment Pharmacol Ther. 2021;53:577-586.

de Voogd E Bots S, Gecse K, Gilja OH, D'Haens G, Nylund K.
Intestinal Ultrasound Early on in Treatment Follow-up Predicts En-
doscopic Response to Anti-TNFa Treatment in Crohn’s Disease. |
Crobns Colitis. 2022;16:1598-1608.



