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doscopic remission. Borren et al.2 reported that short-term en-

doscopic improvement (median: 9 days) was associated with 

a lower risk of colectomy. Another study reported colonosco-

py at week 1 is useful in predicting colectomy in UC patients 

treated with cyclosporine.3 Thus, endoscopy has been consid-

ered useful for early disease assessment, but its invasiveness 

makes it difficult to repeat in such a short interval. We have re-

ported that intestinal ultrasound4 and the trough level of inflix-

imab (IFX)5 seem to be useful as well for this purpose, but 

they are neither validated across different kits/devices nor 

easily accessible. Fecal calprotectin (FC), a widely used nonin-

vasive biomarker, is not as sensitive in the acute phase.6 C-re-

active protein (CRP) is an interleukin (IL)-6 dependent serum 

acute phase protein and is reported to be useful in detecting 
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Background/Aims: Leucine-rich α-2-glycoprotein (LRG) is a new serum biomarker reflecting the disease activity of ulcerative 
colitis (UC), but its change during the acute phase has not been enough investigated. Methods: Patients with UC who initiated 
the induction therapy with steroid or advanced therapy (biologics or Janus kinase inhibitors) were prospectively enrolled. As-
sociations of LRG, C-reactive protein (CRP) and fecal calprotectin (FC) at baseline, week 1, and week 8 with clinical remission 
at week 8 and subsequent endoscopic improvement within 1 year (Mayo endoscopic subscore of 0 or 1) were assessed. Re-
sults: A total of 143 patients with UC were included. LRG and CRP at week 1 were significantly lower in the clinical remission 
group than in the non-remission group (LRG, 20.6 μg/mL vs. 28.4 μg/mL, P < 0.001; CRP, 0.9 mg/dL vs. 2.3 mg/dL, P < 0.001) 
while FC demonstrated the difference between groups only at week 8. The area under the curves of week 1 LRG, CRP, and FC 
for week 8 clinical remission using the receiver operating characteristic curves analysis were 0.68, 0.71, and 0.57, respectively. 
Furthermore, LRG and CRP predicted subsequent endoscopic improvement as early as week 1, while FC was predictive only at 
week 8. Conclusions: LRG can be an early-phase biomarker predicting subsequent clinical and endoscopic response to induc-
tion therapy. (Intest Res, Published online﻿﻿)
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ORIGINAL ARTICLE

INTRODUCTION

Ulcerative colitis (UC) is an inflammatory bowel disease 

(IBD) with repeated remission and exacerbation.1 It is impor-

tant to determine the response to treatment early during the 

induction therapy because the current treatment may have to 

be switched if it would not lead to favorable treatment out-

comes such as clinical response, remission, and ultimately en-
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early treatment response in UC,7 but its sensitivity in correla-

tion with endoscopic activity is low (50%–68%).8-10

Leucine-rich α-2-glycoprotein (LRG) is a novel serum bio-

marker for various inflammatory diseases found in patients 

with rheumatoid arthritis.11 LRG is induced by IL-22, tumor ne-

crosis factor (TNF)-α, and IL-1β independently of IL-612 and 

has attracted much attention in recent years. LRG is elevated in 

active UC and is considered more sensitive than CRP.13 In a 

previous report, LRG at week 12 showed a stronger correlation 

than CRP with the 1-year endoscopic remission group, sug-

gesting that LRG may be more responsive to change.14 Howev-

er, changes in LRG in the shorter term have never been studied.

Therefore, we investigated the usefulness of LRG in determin-

ing response to induction therapy compared with CRP and FC.

METHODS

1. Study Design
This was a prospective observational study of patients with 

UC who received induction therapy with systemic steroids or 

advanced therapies (biologics or Janus kinase inhibitors) at 

Kitasato University Kitasato Institute Hospital from Septem-

ber 2019 to December 2022. The analysis for endoscopic im-

provement enrolled patients who underwent colonoscopy 

within 1 year after induction therapy or who changed their 

treatment because of lack of efficacy before colonoscopy. Pa-

tients who had not undergone endoscopy within 1 year after 

induction of remission were excluded from the endoscopic 

outcome. Patients who had undergone colectomy were ex-

cluded from both analyses for short-term remission and en-

doscopic improvement. 

2. Biomarkers
LRG, CRP, and FC were measured at baseline, 1 week, and 8 

weeks after the start of induction therapy. LRG was measured 

using latex immunoturbidimetry at Sekisui Medical Co., Ltd., 

and Kitasato University Kitasato Institute Hospital. FC was 

stored at 4℃ and measured using NS-Prime automated ana-

lyzer (Alfresa Pharma Corp., Osaka, Japan) based on the gold 

colloid agglutination method.

3. Evaluation
The primary outcome was clinical remission at week 8, de-

fined as patient-reported outcome 2 ≤ 1 and rectal bleeding 

score of 0.15 Patients were classified into 2 groups: patients 

who achieved clinical remission at week 8 (remission group) 

and those who did not (non-remission group). The secondary 

outcome was the endoscopic improvement assessed by colo-

noscopy performed within 1 year after treatment initiation, 

defined as Mayo endoscopic subscore (MES) ≤ 1.16 The MES 

was prospectively scored by 12 physicians with at least 5 years 

of clinical experience of endoscopy during the procedure. Pa-

tients who initiated new course, escalated dose of steroids, or 

switched advanced therapy before outcomes (week 8 or en-

doscopy) were considered not meeting endpoints. However, 

no patients received increased doses of steroids during the 

Fig. 1. Patient disposition of the study. MES, Mayo endoscopic subscore.
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evaluation. All patients who switched the treatment before the 

endpoints were due to inadequate response to treatment, not 

to side effects.

4. Statistics Analysis 
Differences between groups were analyzed using the Wilcox-

on matched-pairs signed-rank test and the chi-square test. 

Biomarker correlations were analyzed by the Spearman rank 

correlation coefficient. Cutoff values were determined using 

the Youden index. For all tests, a P-value < 0.05 was consid-

ered statistically significant. Statistical analysis was performed 

using the JMP software program (ver. 16.1, SAS Institute Inc., 

Cary, NC, USA).

5. Ethical Statement 
This study was conducted in compliance with the Declaration 

of Helsinki and clinical trial guidelines. The Research Ethics 

Committee of Kitasato University Kitasato Institute Hospital 

approved the research protocol and all related documents (No. 

18015 and No. 19003),17 and the study was registered publicly 

in the UMIN registry (No. UMIN000032422 and No. UMIN00 

0036944). Written informed consent was obtained from all pa-

tients included in the study.

RESULTS

1. Patients
A total of 143 patients (85 males and 58 females) were includ-

ed in this study (Fig. 1). Baseline patient characteristics are 

shown in Table 1. The 87.4% of patients were pancolitis, with  

a partial Mayo score of 5.8 ± 1.8 at baseline, colonoscopy was 

conducted at baseline in 99 patients, with the mean MES of 

2.63. The mean and median times of endoscopy from the start 

of treatment were 183.3 and 174 days, respectively. The most 

common treatment used as induction therapy was corticoste-

roid (n = 40).

Fig. 2. Correlation between biomarkers using Spearman’s rank 
correlation coefficient. (A) Correlation between LRG and CRP. (B) 
Correlation between FC and LRG. (C) Correlation between CRP 
and FC. LRG, leucine-rich α-2-glycoprotein; CRP, C-reactive pro-
tein; FC, fecal calprotectin.
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Table 1. Baseline Patient Characteristics 

Variable Value (n=143)

Age (yr), mean±SD 39.8±14.5

Sex, No. (%) 

   Male 85 (59.4)

   Female 58 (40.6)

Extent of disease, No. (%)

   Pancolitis 125 (87.4)

   Left-sided 17 (11.9)

   Proctitis 1 (0.7)

Partial Mayo score, mean±SD 5.8±1.8

Mayo endoscopic subscore, mean±SD 2.63±0.51

Medication of induction, No. (%) 

   Corticosteroid 40 (28.0)

   Anti-TNF-α antibody 25 (17.5)

   Integrin inhibitor 29 (20.3)

   JAK inhibitor 20 (14.0)

   Ustekinumab 17 (11.9)

   Tacrolimus 12 (8.4)

SD, standard deviation; TNF, tumor necrosis factor; JAK, Janus kinase.
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2. Correlation of Biomarkers
First, we assessed the correlation between biomarkers com-

bining all time points (Fig. 2). Correlation between LRG and 

CRP were excellent (rs = 0.86), whereas FC was less correlated 

with LRG or CRP (rs = 0.49 and rs = 0.46, respectively). 

3. Prediction of Week-8 Clinical Remission
Clinical remission was achieved in 45.5% (65 patients in re-

mission and 78 patients in non-remission) at week 8. All bio-

markers decreased over time in both the remission and non-

remission groups (Fig. 3). No significant differences were 

found for all biomarkers at baseline between groups (LRG, 

30.1 μg/mL vs. 33.1 μg/mL, P = 0.223; CRP, 2.7 mg/dL vs. 3.3 

mg/dL, P = 0.129; FC, 3,690 mg/kg vs. 3,888 mg/kg, P = 0.058). 

At week 1, LRG and CRP were significantly lower in the remis-

sion group (LRG, 20.6 μg/mL vs. 28.4 μg/mL, P < 0.001; CRP, 

70
60
50
40
30
20
10
0

Remission Non-remission

P<0.001

LR
G 

(μ
g/

m
L)

A

1.0

0.8

0.6

0.4

0.2

0
	 0.2	 0.4	 0.6	 0.8	 1.0

1-Specificity

AUC: 0.68

Se
ns

iti
vi

ty

D

25

20

15

10

5

0
Remission Non-remission

P<0.001

CR
P 

(m
g/

dL
)

B

1.0

0.8

0.6

0.4

0.2

0
	 0.2	 0.4	 0.6	 0.8	 1.0

1-Specificity

AUC: 0.71

Se
ns

iti
vi

ty

E

20,000

15,000

10,000

5,000

0
Remission Non-remission

P=0.227

FC
 (m

g/
kg

)

C

1.0

0.8

0.6

0.4

0.2

0
	 0.2	 0.4	 0.6	 0.8	 1.0

1-Specificity

AUC: 0.57

Se
ns

iti
vi

ty

F

Fig. 4. Comparison of (A) LRG, (B) CRP, and (C) FC at week 1 in the remission and non-remission groups at week 8. Statistical significance 
was determined by Wilcoxon signed-rank test. Receiver operating characteristic curve analysis of (D) LRG, (E) CRP, and (F) FC at week 1 for 
clinical remission at week 8. LRG, leucine-rich α-2-glycoprotein; CRP, C-reactive protein; FC, fecal calprotectin; AUC, area under the curve.

Fig. 3. Changes of biomarkers in response to treatment in ulcerative 
colitis patients after initiation of induction therapy are shown: values 
of (A) LRG, (B) CRP, and (C) FC in patients in remission and non-remis-
sion groups at week 8 are shown as mean ±standard deviation and 
compared at each time point using the Wilcoxon matched-pairs signed-
rank test. LRG, leucine-rich α-2-glycoprotein; CRP, C-reactive protein; 
FC, fecal calprotectin.
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0.9 mg/dL vs. 2.3 mg/dL, P < 0.001), while FC showed no sig-

nificant difference (1,838 mg/kg vs. 2,856 mg/kg, P = 0.277). In 

contrast, LRG, CRP, and FC at week 8 all showed significant 

differences between groups (LRG, 13.7 μg/mL vs. 20.6 μg/mL, 

P < 0.001; CRP, 0.2 mg/dL vs. 0.6 mg/dL, P < 0.001; FC, 545 mg/

kg vs. 1,365 mg/kg, P = 0.007) (Fig. 4A-C).
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Fig. 5. Comparison of (A) LRG, (B) CRP, and (C) FC at week 1 in the remission and non-remission groups at week 8, limited to patients who 
were not in remission at week 1 after starting induction therapy. Statistical significance was determined by Wilcoxon signed-rank test. Re-
ceiver operating characteristic curve analysis of (D) LRG, (E) CRP, and (F) FC at week 1 for clinical remission at week 8 in patients not in 
clinical remission at week 1. LRG, leucine-rich α-2-glycoprotein; CRP, C-reactive protein; FC, fecal calprotectin; AUC, area under the curve.
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Fig. 6. Comparison of (A) LRG, (B) CRP, and (C) FC at week 1 in the remission and non-remission groups at week 8, limited to severe ulcer-
ative colitis with partial Mayo score 7 or above at baseline. Statistical significance was determined by Wilcoxon signed-rank test. Receiver 
operating characteristic curve analysis of (D) LRG, (E) CRP, and (F) FC at week 1 for clinical remission at week 8 in patients not in clinical 
remission at week 1. LRG, leucine-rich α-2-glycoprotein; CRP, C-reactive protein; FC, fecal calprotectin; AUC, area under the curve.
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4. Accuracy of Predicting Week-8 Clinical Remission
Using receiver operating characteristic (ROC) curves with val-

ues at week 1, area under the curve (AUC) was 0.68, 0.71, and 

0.57 for LRG, CRP, and FC, respectively, with CRP being slight-

ly numerically highest. Cutoff values were 24.5 μg/mL for LRG, 

0.63 mg/dL for CRP, and 3,069 mg/kg for FC, respectively. The 

sensitivity and specificity for these cutoff values were 0.75 and 

0.54 for LRG, 0.80 and 0.56 for CRP, and 0.86 and 0.34 for FC, 

respectively (Fig. 4D-F).

5. �Prediction of Week-8 Clinical Remission in Patients 
Who Were Not in Remission at Week 1

In clinical practice, objective markers could be more useful in 

patients whose symptomatic improvement is not evident. 

Therefore, we next examined the predictive values of biomark-

ers in 103 patients who had not achieved clinical remission yet 

at week 1. The remission rate of such patients at week 8 was 

35.0% (36 patients in remission and 67 patients in non-remis-

sion). Similar to the total patient population, LRG and CRP at 

week 1 were still significantly different between the remission 

and non-remission groups (LRG, P = 0.006; CRP, P < 0.001) (Fig. 

5A-C). ROC curves using the week 1 values showed AUCs of 

0.68, 0.73, and 0.51 for LRG, CRP, and FC, respectively, with 

CRP being slightly numerically highest, as was the case for all 

patients. Cutoff values were 23.9 μg/mL for LRG, 0.59 mg/dL 

for CRP, and 3,461 mg/kg for FC, respectively (Fig. 5D-F).

6. �Prediction of Clinical Remission at Week 8 in Severe 
UC

Early prediction of response is more crucial in acute severe 

UC. Therefore, we conducted the subgroup analysis in severe 

UC defined as partial Mayo score 7 or above. CRP at week 1 

was significantly different between the remission (n = 20) and 

non-remission (n = 32) groups (P = 0.007) (Fig. 6A-C). The ROC 

curve using the week 1 values showed AUC of 0.64, 0.73, and 

0.53 for LRG, CRP, and FC, respectively, with CRP being slight-

ly numerically higher, as in all patients (Fig. 6D-F). The cutoff 

values were 32.7 µg/mL for LRG, 0.84 mg/dL for CRP, and 

7,398 mg/kg for FC, respectively.

7. Prediction of Subsequent Endoscopic Improvement
Of the 112 patients included, endoscopic improvement was 

confirmed in 19 patients (17.0%) and 10 patients with MES of 

0. LRG and CRP at week 1 were useful predictors of endo-

scopic improvement within 1 year (LRG, P < 0.001; CRP, P <  

0.001) (Fig. 7A-C). ROC analysis showed that LRG the had nu-

merically highest AUC (0.82) for predicting subsequent endo-

scopic improvement (Fig. 7D-F) with a cutoff of 19.7 (sensitiv-
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Fig. 7. Comparison of (A) LRG, (B) CRP, and (C) FC at week 1 in the endoscopic improvement and non-endoscopic improvement groups 
for endoscopies performed within 1 year. Statistical significance was determined by Wilcoxon signed-rank test. Receiver operating char-
acteristic curve analysis of (D) LRG, (E) CRP, and (F) FC at week 1 for endoscopic improvement within 1 year. LRG, leucine-rich α-2-
glycoprotein; CRP, C-reactive protein; FC, fecal calprotectin; AUC, area under the curve.
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ity 0.77, specificity 0.71, respectively). Interestingly, AUC at 

week 8 was numerically highest by FC compared with LRG or 

CRP (0.72, 0.67, and 0.60, respectively). The rate of endoscopic 

improvement performed within 1 year was 13.64% (6 patients 

in endoscopic improvement and 38 patients in non-endo-

scopic improvement) when limited to severe UC cases. Both 

LRG and CRP at week 1 were useful predictors of endoscopic 

improvement within 1 year (LRG, P = 0.043; CRP, P = 0.035) 

(Fig. 8A-C). The ROC curve using values at week 1 showed 

that the AUC remained numerically superior for LRG, with 

AUC of 0.82 compared with AUC of 0.77 for CRP (Fig. 8D-F).

DISCUSSION

This is the first study to directly compare the short-term change 

and the predictive value of LRG, CRP, and FC in the early phase 

after initiating induction therapy for active UC. The results 

showed that LRG at week 1 was a useful predictor of remission 

at week 8 as well as CRP, while FC was less accurate. Even when 

focused on patients who had not achieved clinical remission at 

week 1, LRG and CRP still showed significant differences be-

tween the remission and non-remission groups at week 1. In-

terestingly, LRG at week 1 was also highly accurate in predict-

ing subsequent endoscopic improvement. 

It has been reported that LRG, CRP, and FC all correlate with 

clinical and endoscopic activity.8,10,12,13,18-20 In our study, signifi-

cant differences were found between the remission and non-

remission groups for all biomarkers at week 8 after induction 

therapy, again indicating that they reflect the present activity 

of UC. It is widely known that CRP and FC are both elevated 

during the active phase of UC.8,18-22 Similarly, LRG is also sig-

nificantly elevated in patients with active UC12 and has been 

found to correlate with endoscopic disease activity.13 Although 

LRG was reported to be more sensitive than CRP, both LRG 

and CRP at week 1 were similarly sensitive in predicting clini-

cal remission at week 8, probably because of the nature of 

acute phase protein, nature of acute phase proteins, which are 

released in the early stages of inflammation and increase in 

concentration over a short period of time.23

In this study, FC at week 1 was not predictive of remission at 

week 8. In fact, weekly FC measurements in UC patients after 

IFX induction showed no significant difference in the 1st 

week and a significant decrease at week 2 in patients with en-

doscopic remission at week 10.24 Another study reported that 

Fig. 8. Comparison of (A) LRG, (B) CRP, and (C) FC at week 1 in the endoscopic improvement and non-endoscopic improvement groups 
for endoscopies performed within 1 year, limited to severe ulcerative colitis with partial Mayo score 7 or above at baseline. Statistical sig-
nificance was determined by Wilcoxon signed-rank test. Receiver operating characteristic curve analysis of (D) LRG, (E) CRP, and (F) FC at 
week 1 for endoscopic improvement within 1 year. LRG, leucine-rich α-2-glycoprotein; CRP, C-reactive protein; FC, fecal calprotectin; AUC, 
area under the curve.
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FC at week 4 after induction therapy was not significantly dif-

ferent between the endoscopic improvement and non-endo-

scopic improvement groups at week 12.6 In contrast, Jain et 

al.25 reported that FC measured at baseline and day 3 is a use-

ful predictor of steroid efficacy. Thus, the utility of FC to moni-

tor the short-term response is controversial with diurnal and 

intra-individual variations.6,26-28 The difficulty of collecting 

samples from diarrheal stools during the active phase should 

also be taken into consideration. In contrast, FC showed the 

highest predictive value at week 8 for subsequent endoscopic 

improvement, suggesting the optimal timing of FC measure-

ment after induction therapy.

As previously reported, CRP also detected improvement at 

week 1.17 Although literature suggests that CRP may not be 

sensitive enough to detect endoscopic activity in the quies-

cent disease, it was accurate in detecting response to therapy 

at week 1 in our study enrolling the moderately to severely ac-

tive UC. Consistent with our results, it has been reported that 

CRP at weeks 2–4 predicted induction outcomes by IFX7 or 

tofacitinib,29 and CRP at day 3 was a predictor of colectomy in 

30 days in acute severe UC treated with steroids.30 

Surgery or switching to other drugs is recommended if there 

is no improvement in 1 week in acute severe UC,31 although 

such a decision making can be challenging especially when 

patients show marginal change. Therefore, we assessed the 

predictive values of biomarkers in patients whose response 

was not sufficient to achieve remission in 1 week. LRG and 

CRP were useful biomarkers at week 1 to predict clinical re-

mission at week 8 among such patients, further highlighting 

their usefulness at week 1. 

To the best of our knowledge, this is the first study to predict 

endoscopic improvement within 1 year using LRG as early as 

1 week. It has been reported that LRG measured at weeks 12 

and 24 predicted endoscopic remission at week 52.14 The 

same study demonstrated that CRP at week 12 was also pre-

dictive.14 In the present study, LRG at week 1 was useful as a 

predictor of long-term endoscopic improvement with the 

highest AUC among the biomarkers. Interestingly, its predic-

tive value was more accurate for long-term endoscopic im-

provement than that for short-term clinical remission, sug-

gesting an early reduction in LRG is a very accurate predictor 

of favorable mid-to-long-term outcomes. In addition, it should 

be noted that the AUC of LRG at week 1 (0.82) had numerical-

ly better predictive ability for long-term endoscopic improve-

ment than the AUC of FC at week 8 (0.72). This also suggests 

that LRG is useful as an early predictive biomarker during the 

course of induction therapy.

There are several limitations to this study. First, the numbers 

of serum/fecal samples for biomarkers differed at each time 

point, especially at week 8. Therefore, the analysis was focused 

mainly on the use of biomarkers in week 1. Second, it is possi-

ble that the optimal timing may differ for each biomarker or 

each therapeutic agent. Although we analyzed various induc-

tion therapies altogether, subgroup analyses were conducted 

for patients treated with prednisolone (n = 40), anti-TNF (n =  

25), and vedolizumab (n = 22). Interestingly, LRG at week 1 

was significantly different between the clinical remission and 

non-remission groups in patients treated with prednisolone 

(P = 0.014) and anti-TNF (P = 0.013), while was not different in 

those who were treated with vedolizumab. Further analysis is 

needed to clarify the course of biomarker improvement in 

each therapy. Third, the timing of endoscopic evaluation var-

ied from case to case because of the nature of the observation-

al study. Endoscopic outcomes could have been influenced 

by the timing of endoscopy. However, the time from the start 

of treatment in patients with endoscopic improvement and 

those without did not significantly differ (214.7 vs. 171.1, re-

spectively, P = 0.090). Fourth, because the primary purpose of 

this study was short-term changes of biomarkers in week-8 

clinical remitters/non-remitters, we did not determine the tim-

ing of endoscopy in the protocol. Therefore, there were 31 pa-

tients whose endoscopy was not performed within 1 year. It is 

possible that those 31 cases had endoscopic improvement, 

which may have affected the results. Furthermore, since pa-

tients who had induced remission with prednisolone were 

maintained with other treatments, biomarkers at week 1 may 

not necessarily define their long-term prognosis. Therefore, we 

conducted a sensitivity analysis excluding those patients, and 

confirmed the predictability of LRG and CRP at week 1 (AUC 

of 0.87 and 0.84, respectively). 

In conclusion, early response of LRG after initiating induc-

tion therapy predicts not only short-term but also mid-to-long-

term outcomes. Therefore, short-term measurement of LRG 

may be a useful strategy in making early clinical decisions.
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