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Combination of leucine-rich alpha-2 glycoprotein and
fecal markers detect Crohn'’s disease activity confirmed
by balloon-assisted enteroscopy
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Background/Aims: Endoscopic activity confirmed by enteroscopy is associated with poor clinical outcome in Crohn’s disease
(CD). We investigated which of the existing biomarkers best reflects endoscopic activity in CD patients including the small bowel,
and whether their combined use can improve accuracy. Methods: One hundred and four consecutive patients with ileal and
ileocolonic type CD who underwent balloon-assisted enteroscopy (BAE) from October 2021 to August 2022 were enrolled, with
clinical and laboratory data prospectively collected and analyzed. Results: Hemoglobin, platelet count, C-reactive protein, leu-
cine-rich alpha-2 glycoprotein (LRG), fecal calprotectin, and fecal hemoglobin all showed significant difference in those with
ulcers found on BAE. LRG and fecal calprotectin showed the highest areas under the curve (0.841 and 0.853) for detecting ul-
cers. LRG showed a sensitivity of 78% and specificity of 80% at a cutoff value of 13 pg/mL, whereas fecal calprotectin showed
a sensitivity of 91% and specificity of 67% at a cutoff value of 151 pg/g. Dual positivity for LRG and fecal calprotectin, as well as
LRG and fecal hemoglobin, both predicted ulcers with an improved specificity of 92% and 100%. A positive LRG or fecal calpro-
tectin/hemoglobin showed an improved sensitivity of 96% and 91%. Positivity for LRG and either of the fecal biomarkers was as-
sociated with increased risk of hospitalization, surgery, and relapse. Conclusions: The biomarkers LRG, fecal calprotectin, and
fecal hemoglobin can serve as noninvasive and accurate tools for assessing activity in CD patients confirmed by BAE, especially
when used in combination. (Intest Res 2024;22:65-74)
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INTRODUCTION

Crohn’s disease (CD) is a chronic inflammatory disease char-
acterized by ulcers of the small and large bowels, progressing to
the development of complications including strictures and fis-
tulae. The treat-to-target approach is the treatment strategy that
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is currently recommended in treating inflammatory bowel dis-
ease (IBD) patients, where not only clinical remission but also
endoscopic remission is set as a formal target.' Endoscopic re-
mission, in this context, is defined as that which is confirmed by
ileocolonoscopy, the preferred method worldwide for assessing
mucosal healing in patients with CD. However, patients can of-
ten manifest with more proximal lesions that cannot be
reached by ileocolonoscopy. We have previously shown that
evaluation of small bowel mucosal healing more proximal to
the terminal ileum using balloon-assisted enteroscopy (BAE) is
important, as active (ulcerative) lesions in this area are associ-
ated with a higher rate of clinical relapse, hospitalization, and
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surgery.” Nonetheless, BAE is an invasive procedure with po-
tential risks, high cost, and limited accessibility, as are other
available imaging techniques, such as capsule endoscopy, mag-
netic resonance enteroscopy (MRE), and bowel ultrasound.

Compared to these imaging modalities, biomarkers are non-
invasive and less expensive, and can be performed in non-spe-
cialized centers. C-reactive protein (CRP) and fecal calprotec-
tin are 2 such biomarkers that have been well established for
use in IBD patients. Recently, the CALM trial has shown that
tighter disease control based on these biomarkers irrespective
of symptoms led to improved prognosis and endoscopic re-
mission.’ They have been defined as formal targets in the afore-
mentioned treat-to-target approach. However, studies focus-
ing on the use of fecal calprotectin with regards to small bowel
activity have been limited, with mixed results, suggesting room
for improvement."” Fecal hemoglobin has also been reported
to be useful in CD, with some reports suggesting similar accu-
racy as fecal calprotectin,” while others reporting a lower speci-
ficity in terms of small bowel activity.” Leucine-rich alpha-2 gly-
coprotein (LRG) is a novel biomarker that has recently been
approved for use in the diagnosis and monitoring of IBD pa-
tients."” Unlike CRP which is induced mainly by interleukin
(IL)-6, LRG expression is also induced by tumor necrosis factor-
a, IL-1B, and IL-22, enabling a more sensitive reflection of a wid-
er range of inflammation. It has been reported to be a sensitive
marker for detecting small intestinal activity and transmural
healing in CD patients."" Our previous study involving CD pa-
tients undergoing BAE showed that LRG was significantly more
accurate in detecting endoscopic activity compared to CRP.”
Several other studies have also shown accuracy of LRG in as-
sessing for small bowel lesions using BAE," and capsule en-
doscopy." Shinzaki et al."” showed that LRG correlates better
with endoscopic activity than fecal calprotectin or CRP, in CD
patients evaluated using colonoscopy. However, no previous
study has directly compared these existing biomarkers in terms
of monitoring for endoscopic activity including the small bowel.

Several studies have combined biomarkers for IBD in the
past. Combining fecal calprotectin, CRP, and clinical activity
scores have been reported to be useful for monitoring endo-
scopic activity in both CD and ulcerative colitis,'”"” however,
no reports have evaluated their combined use for detecting
endoscopic activity in CD evaluated by enteroscopy.

We investigated which of the existing biomarkers best re-
flects endoscopic activity in CD patients evaluated using BAE,
and whether combining these biomarkers could improve their
accuracy.
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METHODS

1. IRB Approval

The study was conducted in accordance with the Declaration
of Helsinki. The study was approved by the Ethics Committee
of Tokyo Medical and Dental University (IRB No. M2019-11).
Written informed consent was obtained from all patients.

2. Study Population

We performed BAE (SIF-H190; Olympus Medical Systems,
Tokyo, Japan) in 104 consecutive patients with ileal and ileoco-
lonic type CD from October 2021 to August 2022 at our hospi-
tal (Tokyo Medical and Dental University, Japan), a tertiary re-
ferral hospital, for assessment of known or suspected small bow-
el lesions. Clinical and endoscopic data were prospectively
collected. MRE results were also collected if performed within
8 weeks of undergoing BAE (n=32). Hemoglobin, platelet count,
CRP, and LRG measurements were made together with other
routine blood at outpatient clinic within 8 weeks of perform-
ing BAE, before any changes were made to treatment from
time of endoscopy. Both CRP and LRG were measured using
commercially available latex agglutination kits (N-Assay LA
CRP-T kit, Nittobo Medical, Tokyo, Japan; Nanopia LRG, Sekisui
Medical, Tokyo, Japan) within the hospital. Patients were asked
to bring a fecal sample on the day of BAE, which was collected
at home before initiating bowel preparation. Fecal samples
were analyzed for hemoglobin and calprotectin within the hos-
pital (EIKEN OC-sensor; Eiken Chemical Co,, Ltd., Tokyo, Ja-
pan). All patients filled the diagnostic criteria outlined by the
Japanese Ministry of Health, Labour and Welfare."” Exclusion
criteria included patients with colostomy/ileostomy, those
with abdominal abscesses, those who were intolerant of or
contraindicated to BAE, those on nonsteroidal anti-inflamma-
tories, and those with confirmed intestinal infections or malig-
nancies. Patients were prospectively followed for at least 6
months for evaluation of clinical outcome (hospitalization,
surgery, and relapse related to CD). Relapse was defined as
clinical or endoscopic activity which required change of treat-
ment by the physician in charge.

3. Imaging Modalities

The protocol for BAE at our institution has been described pre-
viously."” Retrograde insertion was performed for all cases. Scope
insertion was terminated when large ulcers were detected in
order to avoid complications. Endoscopic evaluations were
performed using the modified Simple Endoscopic Score for
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CD (modified SES-CD) as described previously.” In short, this
excluded “stenosis” from the original SES-CD which includes 4
endoscopic variables (size of ulcers, proportion of ulcerated
surface, proportion of affected surface, and stenosis), as we
aimed to focus on active disease. The small bowel was divided
into 3 segments; terminal ileum, proximal ileum, and jejunum.
Each variable was scored 0 to 3 for each segment, and the mod-
ified SES-CD was calculated as the sum. Anastomotic ulcers
were also included. Endoscopists blinded to the results of the
laboratory tests evaluated the score.

We performed and evaluated MRE as outlined previously."
A 3.0-T scanner (FUJIFILM Healthcare Corporation [formerly
HITACHI], Tokyo, Japan) was used with oral and intravenous
contrast. All imaging procedures covered the entire small bow-
el. A radiologist, who was blinded to the laboratory test results,
determined the simplified magnetic resonance index of activ-
ity.”' Transmural activity was defined as a maximum segmen-
tal simplified magnetic resonance index of activity >4, in line
with our previous study."

4. Study Design

Primary outcome was set as the relationship between each
biomarker and the presence of intestinal ulcers identified at
BAE. “Presence of ulcer” was defined as presence of a mucosal
defect >0.5 cm, as defined in SES-CD. The effect of combining
biomarkers was also evaluated. Subanalyses were performed
for patients with absence of colonic ulcers, extraintestinal mani-
festations, active anal disease, and patients who also under-
went MRE.

5. Statistical Analysis

Between-group differences in continuous variables were as-
sessed by the Mann-Whitney test. The Fisher exact test was
used to analyze between-group differences for categorical vari-
ables using 2 x 2 contingency tables. The relationship between
the presence of ulcers and each biomarker was examined us-
ing receiver operating characteristic (ROC) curves and the
area under the curve (AUC). The optimal threshold value for
each biomarker was calculated using the Youden index. Logis-
tic regression analysis was used to determine the relationship
between different biomarkers and the presence of ulcers. The
presence of ulcers was the outcome variable (or dependent
variable) (i.e, a binomial variable taking the value 1 if presence
of ulcer >0.5 cm and the value 0 if <0.5 cm). Each biomarker
with their calculated optimal cutoffs (CRP, LRG, hemoglobin,
platelet, fecal hemoglobin, and fecal calprotectin) were em-
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ployed as explanatory variables (or independent variables).
Univariable analysis was used to identify candidate predictors.
Then, a multivariable model was fitted. All variables with P<0.05
were retained in the model. Confidence intervals were calcu-
lated using the profile likelihood method. The Spearman cor-
relation coefficient was used to analyze the strength of corre-
lation between various biomarkers and modified SES-CD. To
evaluate patient prognosis, the Kaplan-Meier method and the
log-rank test were used to calculate cumulative end point-free
rates, whereas Cox proportional hazards model was used to
evaluate the risks for prognosis. The level of statistical signifi-
cance was set at a P-value of <0.05. Box plot figures present
median (line), interquartile range (box), range (whiskers), out-
liers (open circles), and extreme outliers (stars). GraphPad
Prism 9.5.1 (GraphPad Software, San Diego, CA, USA) and R
version 3.3.0 (R Foundation for Statistical Computing, Vienna,
Austria) were used.

RESULTS

1. Patient Characteristics and Endoscopic Findings
The main characteristics of the 104 patients included in the
study are shown in Table 1. Their disease classed by the Mon-
treal classification included 26 patients with inflammatory
disease (B1), 55 patients with stricturing disease (B2), and 23
patients with penetrating disease (B3). The majority of the pa-
tients (87%) were treated with biologics including infliximab,
adalimumab, ustekinumab, and vedolizumab. Most of the pa-
tients were in clinical remission, with a median Crohn’s Dis-
ease Activity Index of 57. The small bowel was intubated in all
104 patients, and the proximal ileum was reached in almost all
of the cases (96%). Median length of small bowel visualized
from the ileocecal valve (or anastomotic site in the case of post-
surgical patients) was 50 cm. The extent of intubation was of-
ten limited by the presence of a stricture or difficulty in mani-
pulation. There were 55 patients in whom ulcers were identi-
fied at BAE; of whom 52 patients had small bowel ulcers, with
19 patients having both small bowel and colonic ulcers.

2. Biomarkers Detect and Correlate with Endoscopic
Activity in CD Patients

There was a significant difference in all blood and fecal bio-

marker values between CD patients in whom ulcers were ob-

served by BAE compared to those without (Fig. 1). CRP, LRG,

fecal hemoglobin, fecal calprotectin, and platelet count were

significantly increased in those with ulcers, whereas hemoglo-
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Table 1. Patient Characteristics and Endoscopic Findings

Variable Value (n=104)
Male sex 76 (73.1)
Age (yr) 37 (19-80)
Disease duration (yr) 9 (1-48)
Location

L1: lleal 40 (38.5)

L.3: lleocolonic 64 (61.5)
History of upper gastrointestinal involvement 12 (11.5)
Behavior

B1: Inflammatory 26 (25.0)

B2: Stricturing 55 (52.9)

B3: Penetrating 23 (22.1)
Active anal disease 13 (12.5)
Active extraintestinal manifestation 2(1.9)
Crohn's Disease Activity Index 57 (0-338)

Hemoglobin (g/dL)

Platelet count (x 10*/uL)

C-reactive protein (mg/L)

Leucine-rich alpha-2 glycoprotein (ug/mL)
Fecal hemoglobin (ng/mL)

Fecal calprotectin (ug/g)

Concomitant treatment

13.8 (9.8-17.9)
27.1(10.0-51.3)
0.8 (0.3-37.1)
13.5 (6.4-49.1)
15 (0-15,000)
341 (0-10,100)

Steroids 3(2.9)
Immunomodulator 41 (39.4)
Biologics 90 (86.5)
Intubation into the proximal ileum 100 (96.2)
Length intubated (cm) 50 (5-500)
Presence of intestinal ulcers, >0.5 cm 55(52.9)
Ulcers present in both small bowel and colon 19 (18.3)
Small bowel ulcers only 33(31.7)
Colonic ulcers only 3(29)

Values are presented as number (%) or median (range).

bin was significantly decreased in those with ulcers. We then
evaluated the correlation of endoscopic activity detected at
BAE with each of the biomarkers. All biomarkers significantly
correlated with modified SES-CD, a score for endoscopic activ-
ity which evaluates the small bowel in detail as well as the co-
lon (Fig. 2). Out of the 6 biomarkers evaluated, fecal calprotec-
tin showed the strongest correlation with endoscopic activity
(r=0.64, P<0.001), while CRP, LRG, fecal hemoglobin, hemo-
globin, and platelet count all showed moderate correlation (r=
0.49, 7=0.55,r=0.42, r=-0.55, r=0.49 respectively, all P<0.001).
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Fig. 1. Blood and fecal biomarkers detect Crohn's disease patients
with intestinal ulcers. Box and whisker plots showing levels of se-
rum CRP (A), serum LRG (B), fecal hemoglobin (C), fecal calprotec-
tin (D), hemoglobin (E), and platelet count (F) determined in pa-
tients in whom no ulcers were observed with enteroscopy (n =49)
and in patients with confirmed ulcers (n=55). CRP, C-reactive pro-
tein; LRG, leucine-rich alpha-2 glycoprotein.

3. Fecal Calprotectin and LRG Detect Endoscopic and
Transmural Activity

We evaluated the diagnostic ability of the biomarkers in de-
tecting the presence of intestinal ulcers detected on BAE, by
analyzing the AUC of ROC curves (Table 2). The AUCs for fe-
cal calprotectin and LRG were 0.853 and 0.841 respectively,
and were higher than the AUCs for CRP, hemoglobin, platelet
count, or fecal hemoglobin (0.813, 0.653, 0.638, 0.761, respec-
tively). The optimal threshold value for each marker was cal-
culated from the respective ROC curves using the Youden in-
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Fig. 2. Fecal calprotectin and LRG show a stronger correlation with endoscopic severity compared to the other biomarkers. Scatterplots
showing the correlation of serum CRP (A), serum LRG (B), fecal hemoglobin (C), fecal calprotectin (D), hemoglobin (E), and platelet count
(F) with modified SES-CD (r=Spearman rank correlation coefficient). LRG, leucine-rich alpha-2 glycoprotein; CRP, C-reactive protein; SES-

CD, Simple Endoscopic Score for Crohn's Disease.

dex. Fecal calprotectin showed a high sensitivity of 91%, speci-
ficity of 67%, positive predictive value (PPV) of 76%, and nega-
tive predictive value (NPV) of 87% at a cutoff value of 151 pg/g.
LRG also showed a high sensitivity of 78%, specificity of 80%,
PPV of 80%, and NPV of 76% at a cutoff value of 13 pg/mL. Be-
cause our ulcer population consisted of patients with both
small bowel and colonic ulcers, in addition to patients with
active extraintestinal manifestations and active anal disease,
we performed subanalysis excluding 22 patients with colonic
ulcers, 13 patients with active anal disease, and 2 patients with
active extraintestinal manifestations (n=75). LRG and fecal
calprotectin still showed high accuracy for detecting solely

www.irjournal.org

small bowel ulcers compared to those without, with an AUC
of 0.805 and 0.784 respectively, with CRP also yielding a com-
parable result with an AUC of 0.785 (Table 3).

Because BAE cannot assess the whole of the small bowel,
nor detect for transmural inflammation, subanalysis was per-
formed for the 32 cases that also underwent MRE as well as
BAE (Supplementary Table 1). LRG and fecal calprotectin were
accurate as markers to detect cases where activity was seen
on either BAE or MRE, compared to those without any activity
on either modality, with an AUC of 0.836 and 0.806 respective-
ly. Although not statistically significant, biomarker levels tend-
ed to be lower in cases of endoscopic remission where MRE
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Table 2. AUC, Sensitivity, Specificity, PPV, and NPV of Blood and Fecal Biomarkers, Alone and in Combination, for Predicting Intestinal Ul-
cers Seen on Balloon-Assisted Enteroscopy

Auc s )RR o t) (S0 C) (%959 C) (o 989 )
Biomarker
CRP (mg/L) 0.813 (0.732-0.895) 1 69 (61-76) 82 (72-89) 81 (71-88) 70 (62-76)
LRG (pg/mlL) 0.841 (0.765-0.916) 13 78 (70-85) 80 (71-86) 80 (71-86) 76 (67-83)
Hemoglobin (g/dL) 0.653 (0.548-0.758) 13.1 49 (36-62) 78 (64-87) 71 (55-83) 58 (46-69)
Platelet (x 104/UL) 0.638 (0.532-0.743) 31.1 42 (30-55) 84 (71-92) 74 (57-86) 56 (45-67)
Fecal hemoglobin (ng/mL) 0.761 (0.668-0.855) 41 64 (55-70) 86 (77-92) 83 (73-91) 68 (60-73)
Fecal calprotectin (ug/g) 0.853 (0.779-0.927) 151 91 (83-96) 67 (59-73) 76 (69-80) 87 (76-94)
Combination of biomarkers
LRG (+) and fecal calprotectin (+) 73 (65-77) 92 (84-97) 91 (82-96) 75 (68-79)
LRG (+) or fecal calprotectin (+) 96 (90-99) 53 (46-56) 70 (65-72) 93 (80-98)
LRG (+) and fecal hemoglobin (+) 51 (46-51) 100 (94-100) 100 (89-100) 65 (61-65)
LRG (+) or fecal hemoglobin (+) 91 (83-96) 63 (55-69) 74 (67-77) 86 (74-94)
LRG (+) and fecal hemoglobin (+) and fecal calprotectin (+) 51 (46-51) 100 (94-100) 100 (89-100) 65 (61-65)
LRG (+) or fecal hemoglobin (+) or fecal calprotectin (+) 96 (90-99) 54 (46-57) 71 (66-73) 93 (80-98)

AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value; Cl, confidence interval; CRP, C-reactive protein; LRG, leucine-rich

alpha-2 glycoprotein.

Table 3. AUC, Sensitivity, Specificity, PPV, and NPV of Serum and Fecal Biomarkers for Predicting Solely Small Intestinal Ulcers

Biomarker Avcesmey  CIRT (RG)  Ghemed)  (besmc) (3 956
CRP (mg/L) 0.785 (0.679-0.891) 1 65 (52-74) 84 (75-91) 74 (60-85) 77 (69-83)
LRG (ug/mL) 0.805 (0.703-0.907) 13 71 (58-81) 80 (71-87) 71 (58-81) 80 (71-87)
Fecal hemoglobin (ng/mL) 0.703 (0.575-0.832) 41 53 (41-63) 86 (78-93) 73 (56-86) 73 (66-79)
Fecal calprotectin (pg/g) 0.784 (0.678-0.890) 151 84 (71-92) 66 (57-72) 63 (54-70) 85 (74-93)

Enteroscopy, excluding 22 patients with colonic ulcers, 13 patients with active anal disease, and 2 patients with active extraintestinal disease, with overlapping

patients (n=75).

AUC, area under the curve; PPV, positive predictive value; NPV, negative predictive value; Cl, confidence interval; CRP, C-reactive protein; LRG, leucine-

rich alpha-2 glycoprotein.

also confirmed remission (radiological remission), compared
to cases in endoscopic remission where MRE showed activity
(Supplementary Fig. 1).

4. LRG and Fecal Biomarkers Independently Predict
Ulcers

In order to determine the relationship between the biomark-
ers, we analyzed the correlation between each of the biomark-
ers (Supplementary Table 2). LRG showed the strongest cor-
relation with CRP (7=0.78, P<0.001), another blood biomark-
er, whereas fecal calprotectin showed the strongest correlation
with fecal hemoglobin (r=0.64, P<0.001), a fecal biomarker.

70

There was a tendency for the correlation to be weaker between
blood and fecal biomarkers. Although LRG and fecal calpro-
tectin were both accurate in detecting ulcers, these results sug-
gested that blood and fecal biomarkers may detect slightly dif-
ferent inflammatory profiles. We therefore determined the re-
lationship between each of the biomarkers with ulcers found
on BAE using logistic regression. Univariable analysis showed
statistical significance for all biomarkers, however only LRG
>13 pg/mL (odds ratio, 4.946; P=0.033), fecal hemoglobin
>41 ng/mL (OR, 5.824; P=0.016), and fecal calprotectin >151
ug/g (odds ratio, 6.082; P=0.012), were independent predic-
tors for the presence of ulcers on BAE (Table 4).
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Table 4. Relationship between Biomarkers and Ulcers Found on Enteroscopy

Univariable analysis

Multivariable analysis

Biomarker
OR (95% Cl) P-value OR (95% CI) P-value

CRP>1 mg/L 9.935 (3.952-24.977) <0.001 3.544 (0.786-17.000) 0.101
LRG> 13 pg/mL 12.379 (4.898-31.288) <0.001 4.946 (1.175-23.370) 0.033
Fecal hemoglobin > 41 ng/mL 10.500 (3.978-27.715) <0.001 5.824 (1.463-27.210) 0.016
Fecal calprotectin > 151 ug/g 20.625 (6.892-61.725) <0.001 6.082 (1.555-27.210) 0.012
Hemoglobin < 13.1 g/dL 3.331 (1.447-8.071) 0.006 1.622 (0.478-5.688) 0.437
Platelet count>31.1x 104/pl|_ 3.684 (1.504-9.796) 0.006 2.092 (0.554-8.645) 0.285

OR, odds ratio; Cl, confidence interval; CRP, C-reactive protein; LRG, leucine-rich alpha-2 glycoprotein.

e Hospitalization

------- LRG (-) and/or fecal calprotectin (-)
——LRG (+) and fecal calprotectin (+)

e Surgery

1.0 — 1.0 -
05 | 05 +
0 | | | | 0 | | | | O | | | |
5 10 15 20 5 10 15 20 5 10 15 20
Months Months Months
-------RG () and/or fecal hemoglobin (-)
——LRG (+) and fecal hemoglobin (+)
Q Hospitalization G Surgery G Relapse
1.0 - 1.0
05 | 05 | 05 +
0 | | | | O | | | | 0 | | | |
5 10 15 20 5 10 15 20 5 10 15 20
Months Months Months

Fig. 3. Kaplan-Meier curves demonstrating poorer outcome-free survival for patients with high leucine-rich alpha-2 glycoprotein (LRG)
and fecal calprotectin levels compared with patients who have low LRG and/or fecal calprotectin levels (A-C), and those with high LRG

and fecal hemoglobin levels compared with patients who have low LRG and/or fecal hemoglobin levels (D-F) (P<0.05 for all).

5. Combination of LRG and Fecal Biomarkers
Accurately Detect Ulcers on BAE

We therefore hypothesized that combining the different types

of biomarkers could improve their accuracy. The ability to de-

tect ulcers on BAE using various combinations of LRG, fecal

hemoglobin, and fecal calprotectin, with their pre-determined

optimal cutoff values, were determined (Table 2). As predict-
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ed, combining LRG, a serum biomarker, together with each of
the fecal biomarkers improved the accuracy. Dual-positivity
for LRG and fecal calprotectin predicted the presence of ul-
cers with an improved specificity of 92% and PPV of 91%, wher-
eas having either a positive LRG or fecal calprotectin showed
an improved sensitivity of 96% and NPV of 93%. The combina-
tion of LRG and fecal hemoglobin showed a similar improve-
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ment in accuracy; dual-positivity for LRG and fecal hemoglo-
bin predicted ulcers with an improved specificity of 100% and
PPV of 100%, whereas having a positive LRG or fecal hemo-
globin showed an improved sensitivity of 91% and NPV of 86%.
There was no marked added improvement when all 3 of the
biomarkers were combined.

6. Combination of LRG and Fecal Biomarkers Predict
Patient Prognosis

Finally, we sought to determine the association of biomarkers
with patient prognosis. Out of the 104 patients followed after a
median of 11 months (range, 0-17 months), 8 patients were
hospitalized, 4 patients underwent surgery, and 14 patients
relapsed. Relapse was defined as those requiring a change of
treatment. Kaplan-Meier analysis showed that patients with
dual-positivity for LRG and fecal calprotectin demonstrated a
poorer outcome-free rate in terms of hospitalization, surgery,
and relapse, compared to those with either low LRG and/or
low fecal calprotectin (Fig. 3A-C). Cox proportional hazard re-
gression showed a significant hazard ratio of 3.846 (95% con-
fidence interval, 1.285-14.03; P<0.05) for relapse in the dual-
positive group. Similar results were obtained with LRG and fe-
cal hemoglobin, where those who were dual-positive demon-
strated a poorer outcome-free rate compared to those with ei-
ther low LRG and/or low fecal hemoglobin (Fig. 3D-F). Cox
proportional hazard regression showed a significant hazard
ratio of 3.325 (95% confidence interval, 1.134-9.755, P<0.05)
for relapse in the dual-positive group.

DISCUSSION

Biomarkers are recommended for monitoring CD activity; how-
ever, their accuracy has been debated, especially in detecting
small bowel activity." This is the first study comparing the ma-
jor existing biomarkers for CD in terms of monitoring for en-
doscopic activity evaluated using BAE, as well as the added
value of their use in combination. We showed that LRG and
fecal biomarkers, especially fecal calprotectin, are both accu-
rate biomarkers on their own in detecting and correlating with
endoscopic activity, but their accuracy is further improved
when used in combination. Dual positivity for LRG and either
fecal biomarker shows high specificity and PPV, suggesting
that when a patient tests positive for both markers, there is a
high likelihood that the patient will have endoscopic activity
detected with BAE. Conversely, the sensitivity and NPV are
high if LRG or either fecal biomarker is positive, indicating that
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if a patient tests negative for both of these markers, there is a
low likelihood of the patient having endoscopic activity detect-
ed with BAE. We also showed that the combined use of LRG
and fecal calprotectin or fecal hemoglobin predicts the clinical
outcome of CD patients better than each on its own. Decreased
hemoglobin and increased platelet count are known as robust
inflammatory markers in IBD and were included in the study,
however, their abilities to detect endoscopic activity were poor
compared to the other markers. Although CRP showed a rela-
tively high AUC, it did not emerge as an independent predic-
tor as a result of multivariate analysis.

In this study, we included patients with both ileal and ileo-
colonic type CD, and set the primary outcome to include any
intestinal ulcers confirmed on enteroscopy, assessing for both
the small bowel and the colon. We also decided to include pa-
tients with active anal disease and extraintestinal manifesta-
tions, to reflect the patient population encountered in actual
clinical practice. As reported previously,” small bowel healing
is much more difficult to achieve compared to colonic healing
in cases of ileocolonic CD; rarely resulting in solely colonic re-
sidual ulcers. This is confirmed in our study where out of the
64 patients with ileocolonic type CD, only 3 patients had re-
sidual colonic ulcers alone, compared to 15 patients with ul-
cers only in the small intestine, and 19 patients with ulcers in
both the small bowel and colon. In clinical practice, we do not
only deal with ileal type CD but also ileocolonic CD, with vary-
ing degrees of small bowel and colonic ulcers, in addition to
patients with perianal lesions and extraintestinal manifesta-
tions. We, therefore, included these patients in our main analy-
sis as any biomarker will have to perform well even in patients
with these commonly seen complications. We hypothesized
that including these “extra” inflammatory burdens would re-
sult in a lower specificity for the biomarkers, especially the se-
rum markers, however on the contrary, our subanalysis ex-
cluding these sets of patients to assess for purely small bowel
ulcers resulted in a lower accuracy for detecting endoscopic
activity (Table 3). This may be because of the high rate of en-
doscopically active lesions in this group of patients (24 out of
29 patients had endoscopically confirmed ulcers). We were
able to show that these biomarkers will be useful in patients in
areal-life clinic setting.

LRG is a serum biomarker which is induced by systemic in-
flammation, providing an advantage as it can reflect transmu-
ral inflammation in CD, as previously reported." However,
this feature is also a disadvantage as it responds to non-specif-
ic inflammation other than IBD.” On the other hand, fecal
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biomarkers are more specific towards bowel mucosal inflam-
mation. Our subanalysis of a limited number of patients who
also underwent MRE showed that CRP and LRG were better
markers for detecting transmural activity than fecal hemoglo-
bin or fecal calprotectin. This difference in mechanism between
the markers is possibly the reason for their improved accuracy
in detecting endoscopic activity when used in combination,
complementing their weaknesses. Whilst our study could not
identify particular parameters associated with false positivity/
negativity of individual biomarkers, future larger-scale studies
are warranted to address this question.

Although fecal hemoglobin was less accurate than fecal cal-
protectin in detecting endoscopic activity compared to fecal
calprotectin (AUC: 0.761 vs. 0.853, P=0.05), the accuracy of fe-
cal hemoglobin improved when combined with LRG. In clini-
cal settings where fecal calprotectin measurement is not avail-
able, or when LRG and fecal calprotectin cannot be simulta-
neously measured due to insurance restrictions, as is the case
in Japan, the combined use of LRG and fecal hemoglobin can
be an alternative monitoring method.

We also showed for the first time that combining LRG and
fecal biomarkers can better predict the clinical outcome of CD
patients in the long term. Patients who are dual-positive for
LRG and fecal calprotectin or hemoglobin should be consid-
ered for endoscopic evaluation including the small bowel and
assessed for change in treatment, as they are at higher risk for
hospitalization, relapse, and surgery.

The limitation of our study is that it was conducted at a sin-
gle tertiary referral hospital in Tokyo. The length of small intes-
tine intubated varied in each individual, with possibility that
the modified SES-CD scores do not accurately reflect the en-
doscopic activity of the whole intestine. Our study also did not
consider the areas not intubated by enteroscopy (i.e., the proxi-
mal small intestine, stomach, and duodenum). We, therefore,
performed subanalysis on patients who also underwent MRE,
however, the number of cases was limited. The patient popula-
tion consisted of mostly biologic-treated patients in clinical re-
mission, therefore may not be representative of the whole pa-
tient population. Blood and fecal biomarkers were not neces-
sarily taken on the same day as each other, and not simultane-
ously with BAE or MRE, though tests were all conducted in a
limited timespan before change of treatment. Because patients
enrolled were mostly in remission with stable disease under-
going routine elective endoscopy, we predicted that disease
activity would not change markedly within the 8-week time
period.
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In conclusion, the combined use of LRG and fecal biomark-
ers detects with high accuracy the presence of endoscopic ac-
tivity evaluated by BAE in CD patients. The use of these bio-
markers in clinical practice may enable earlier intervention,
leading to better prognosis.
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