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Abstract

BACKGROUND

Infliximab trough level (ITL) severely affects therapeutic outcomes of Crohn’s
disease (CD) patients under infliximab (IFX). Recently, frontier research has
focused on identifying ITL based on different therapeutic targets. Although
previous studies have elaborated clinical value of ITL monitoring on short-term
outcomes in CD patients during therapy, studies contraposing the predictive
value of ITL on long-term endoscopic outcomes in CD patients are still scarce
domestically and overseas.

AIM

To explore the predictive value of ITL in combination with inflammatory
biomarkers on long-term endoscopic outcomes in CD with clinical remission
during IFX maintenance therapy.

METHODS

June 21,2022 | Volume28 | Issue23 |
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CD patients with endoscopic remission under long-term IFX maintenance therapy in the First
Affiliated Hospital of Zhejiang Chinese Medicine University from January 2012 to December 2020
were collected. ITL and inflammatory biomarkers were continuously monitored during the
therapy. The Step I study was conducted from weeks 14 to 54 of IFX treatment. The Step II study
was conducted from weeks 54 to 108 of IFX treatment. Endoscopic outcomes were defined as
endoscopic activity (Crohn’s disease endoscopic index of severity score > 2 points or Rutgeerts
score > il) and endoscopic remission (Crohn’s disease endoscopic index of severity score < 2 points
or Rutgeerts < i1). Endoscopic relapse free survival was defined as endoscopic remission at the
beginning of the study stage and maintaining endoscopic remission during the study stage.

RESULTS

At week 14, low ITL [odds ratio (OR) = 0.666, 95% confidence interval (CI): 0.514-0.862, P < 0.01]
and high fecal calprotectin (FCP) level (OR =1.002, 95%CI: 1.001-1.004, P < 0.01) increased the risk
of endoscopic activity at week 54. At week 54, low ITL (OR = 0.466, 95%ClI: 0.247-0.877, P < 0.01)
and high C-reactive protein (CRP) level (OR = 1.590, 95%ClI: 1.007-2.510, P < 0.01) increased the
risk of endoscopic activity at week 108. At week 14, ITL < 5.60 pg/mL [area under the curve (AUC)
= 0.83, 95%ClI: 0.73-0.90, P < 0.001] and FCP > 238 ng/g (AUC = 0.82, 95%CI: 0.72-0.89, P < 0.001)
moderately predicted endoscopic activity at week 54. ITL < 5.60 pg/mL in combination with FCP
> 238 ng/ g indicated 82.0% possibility of endoscopic activity. At week 54, ITL <2.10 pg/mL (AUC
=0.85, 95%ClI: 0.72-0.93, P < 0.001) and CRP > 3.00 mg/L (AUC = 0.73, 95%ClI: 0.60-0.84, P = 0.012)
moderately predicted moderate endoscopic activity at week 108. ITL < 2.10 pg/mL in combination
with CRP > 3.00 mg/L indicated 100.0% possibility of endoscopic activity. From weeks 14 to 54 of
IFX treatment, patients with ITL > 5.60 pg/mL had higher rate of endoscopic relapse free survival
than those with ITL < 5.60 pg/mL (95.83% vs 46.67%). From weeks 54 to 108 of IFX treatment,
patients with ITL > 2.10 pg/mL had higher rate of endoscopic survival free relapsed rate than
those with ITL <2.10 pg/mL (92.68% vs 30.77%).

CONCLUSION

Combination of ITL, CRP, and FCP contribute to long-term endoscopic prognosis monitoring.
During IFX maintenance treatment, low ITL, high CRP level, and high FCP level were
independent risk factors of CD patients with clinical remission in adverse endoscopy outcomes
within 1-year follow-up.

Key Words: Infliximab trough level; C-reactive protein; Fecal calprotectin; Crohn’s disease; Clinical
remission; Long-term endoscopic outcomes

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Previous investigations, contraposing Crohn’s disease patients under infliximab (IFX)
maintenance therapy, have indicated that higher IFX trough levels (ITLs) were associated with sustained
drug response and clinical remission in inflammatory bowel disease patients, while lower ITLs were
linked to secondary unresponsiveness of IFX. Currently, endoscopic remission or mucosal healing has
been considered the main goal of biological therapy. Our study manifested that Crohn’s disease patients
with higher levels of IFX blood concentration and lower levels of inflammatory biomarkers tended to have
a better long-term endoscopic prognosis. Combining ITL, fecal calprotectin and C-reactive protein
monitoring was helpful for the timely adjustment of IFX treatment strategy.

Citation: Cao WT, Huang R, Liu S, Fan YH, Xu MS, Xu Y, Ni H. Infliximab trough level combined with
inflammatory biomarkers predict long-term endoscopic outcomes in Crohn’s disease under infliximab therapy.
World J Gastroenterol 2022; 28(23): 2582-2596

URL: https://www.wjgnet.com/1007-9327/full/v28/i23/2582.htm

DOI: https://dx.doi.org/10.3748/wjg.v28.i123.2582

INTRODUCTION

Crohn’s disease (CD) is a persistently progressive disease with nonspecific inflammation characterized
by disease scope involving the whole digestive tract and disease depth involving the whole intestinal
wall. The accumulation damage of intestinal walls contributes to the occurrence of stenosis, fistula and
even abscess, reducing the life quality. Therefore, recent clinical studies have consistently concluded
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that therapeutic strategies and targets play key roles in controlling CD progression. Setting different
therapeutic targets will have different disease outcomes. Clinical response, focusing only on the
improvement of clinical symptoms, can improve the quality of daily life but not affect long-term
treatment outcomes. CD patients who do not achieve deep remission may be aggravated persistently,
while achieving deep remission could reduce long-term hospitalization and surgery rates. Deep
remission is mainly defined in previous studies as endoscopic remission or mucosal healing. Biologics,
as an important step in the therapeutic strategy of CD, can effectively control the disease progression if
conducted early and completely.

In consideration of the wide use of infliximab (IFX), precisely predicting the long-term endoscopic
outcomes is stressed by more and more inflammatory bowel disease (IBD) physicians. Although the IFX
trough level (ITL) has been proven to be closely related to the outcome of CD, ITL alone may be biased
in predicting the outcome of CD. Monitoring inflammation biomarkers is one of the important links of
IFX therapy, including C-reaction protein (CRP), fecal calprotectin (FCP), etc. High inflammatory load
affects the pharmacokinetics of IFX, inducing secondary nonresponse by decreasing blood drug concen-
tration. Currently, it is believed that inflammatory biomarkers are good predictors of disease activity,
but there is still a lack of reliable evidence for predicting disease remission. Therefore, this study intends
to evaluate long-term endoscopic outcomes of CD patients receiving IFX treatment by combining the
blood drug concentration and inflammatory biomarkers.

MATERIALS AND METHODS
Study subjects design

A single-center retrospective research was implemented at the First Affiliated Hospital of Zhejiang
Chinese Medical University. CD patients under IFX therapy from January 2012 to December 2020 were
collected. One hundred and eighty-one CD patients underwent IFX treatment. One hundred and fifty-
one CD patients underwent endoscopy as well as serum concentration monitoring at week 14 after the
third dose of IFX induction therapy. Inclusion criteria: (1) Endoscopic remission at week 14 [Crohn’s
disease endoscopic index of severity (CDEIS) score < 2 points or Rutgeerts < i1]; (2) Clinical remission
after IFX induction therapy without corticosteroids more than 6 mo; and (3) Therapeutic strategy during
maintenance stage was designed as IFX 5 mg/kg every 8 wk combined with azathioprine (AZA) 50 mg
every day. Therapeutic strategic was modulated if CD patients were confronted with clinical relapse or
secondary loss of response (LOR), and data analysis focused on the treatment course when patients
received IFX 5 mg/kg and AZA therapy regularly. Secondary LOR was defined as a recurrence of the
disease during IFX maintenance therapy. Two criteria were met to determine LOR: The recurrence of
symptoms of IBD in clinical remission after induction therapy and symptoms caused by the inflam-
matory activity of IBD itself. Clinical relapse means Crohn’s disease activity index > 150 points. Blood
drug concentration monitoring and clinical, laboratory, endoscopic and imaging evaluation were
implemented every 2 mo since the third dose of IFX induction therapy in all patients. The study was
divided into two stages, step I study period defined as IFX maintenance therapy during week 14 to
week 54 and step II study period defined as IFX maintenance therapy during week 54 to week 108.

Data collection

General data included age, sex, course, disease location, disease behavior, medication history and
history of intestinal surgery. Laboratory indicators include white blood cell count, blood platelet count,
CRP, erythrocyte sedimentation rate, serum albumin, FCP, ITL and anti-IFX antibody. Evaluation
indicators of disease severity included Crohn’s disease activity index score on clinical severity, CDEIS
score on endoscopic severity in CD patients without intestinal surgery and Rutgeerts score on
endoscopic severity in CD patients with intestinal surgery.

Outcome definition

Endoscopic outcomes at week 54 and week 108 after IFX initial therapy were evaluated by specialist
physicians on IBD under electronic colonoscopy. Endoscopic remission was defined as CDEIS score < 2
or Rutgeerts score < il, and endoscopic activity was defined as CDEIS score > 2 or Rutgeerts score > il.
Survival outcomes during IFX maintenance therapy were concentrated on endoscopic relapse-free
survival, defined as sustained endoscopic remission during step I study period or step II study period.

Statistical analysis

Descriptive statistical analysis was used to describe characteristics of CD patients. Number of cases
(percentage) was used to describe categorial variable. mean + SD was used to describe continuous
variable. Nonparametric Mann-Whitney test was used to compare two groups in enumeration data or
measurement data without normal distribution. Two-sample t test was used to compare two groups in
measurement data with normal distribution. One-way analysis of variance was used to compare multi-
group if data satisfied homogeneity of variance. Nonparametric Kruskal-Wallis test was used to
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compare multi-group if data not satisfied homogeneity of variance. SPSS 23.0 (Armonk, NY, United
States) was used to analyze differences between groups. A P value < 0.05 was considered significant.

Receiver-operating characteristic (ROC) analysis was used to identify the best cut off level of ITL on
predicting endoscopic remission as well as sensitivity, specificity, positive predictive value, negative
predictive value, area under the curve and Youden Index. Univariate logistic regression analysis was
used to identify the association between endoscopic activity and predictors. Log-rank test was used to
identify the association between endoscopic relapse and predictors. GraphPad Prism9.0 (San Diego, CA,
United States) was used to draw histograms and survival analysis curves and implement log-rank test.
MedCalc19.0 was used to draw ROC curve and analyze the predictive value of indicators on endoscopic
outcomes. A P value < 0.05 was considered significant.

RESULTS

Characteristics of study subjects

In total, the study cohort collected 112 CD patients achieving clinical remission after IFX induction
therapy. In step I study, 19 CD patients were excluded due to data absence (n =1, 5.26%) and
endoscopic activity at week 14 (n =18, 94.74%), while 93 CD patients with endoscopic remission at week
14 were included. In step II study, 58 CD patients were excluded due to course of therapy shorter than 2
years (n = 10, 17.24%), secondary non-response of IFX (n =12, 20.69%), suspension of IFX therapy within
2 years for disease remission (n = 10, 17.24%) and endoscopic activity at week 54 (n = 26, 44.83%), while
54 CD patients with endoscopic remission at week 54 were included. These 12 patients did not satisfy
indications of operation and received hormonotherapy as the primary choice to alleviate disease, for our
center lacked other biological agents at that time. All CD patients under IFX maintenance therapy were
combined with AZA (Figure 1). The dose of IFX was 5 mg/kg every 8 wk, and the dose of AZA was 50
mg every day. Characteristics of CD patients included in study are shown in Table 1.

Correlation between ITL, inflammatory biomarkers and endoscopic outcomes

In step I study, 67/93 CD patients (72.04%) sustained endoscopic remission at week 54 among.
Multivariable regression analysis revealed that only ITL (OR = 0.666, 95%ClI: 0.514-0.862, P = 0.002) and
FCP (OR =1.002, 95%CI: 1.001-1.004, P = 0.002) were independent risk of endoscopic activity at week 54
(Table 2). Based on incremental gain analysis, an ITL range of 5.0-7.4 pg/mL was correlated with
sustained endoscopic remission rate of more than 85% (Figure 2).

In step II study, 42/54 CD patients (77.78%) sustained endoscopic remission at week 108.
Multivariable regression analysis revealed that only ITL (OR = 0.466, 95%CI: 0.247-0.877, P = 0.018) and
CRP (OR = 1.590, 95%ClI: 1.007-2.510, P = 0.047) were independent risks of endoscopic activity at week
108 (Table 2). Based on incremental gain analysis, an ITL range of 2.0-3.9 ng/mL was correlated with
sustained endoscopic remission rate of more than 85% (Figure 2).

Predictive value of ITL and inflammatory biomarkers on endoscopic outcomes

In step I study, the ROC analysis demonstrated that the best cut off level of ITL and FCP at week 14 on
predicting endoscopic relapse at week 54 was 5.60 pg/ml (AUC = 0.83, 95%CI: 0.73-0.90, P < 0.001) and
238 png/g (AUC = 0.82, 95%CI: 0.72-0.89, P < 0.001) (Table 3 and Figure 3). CD patients with ITL < 5.60
pg/ml and FCP > 238 pg/g at week 14 had 82% probability of endoscopic relapse at week 54. However,
CD patients with ITL > 5.60 pg/ml and FCP < 238 pg/g at week 14 had 98% probability of sustained
endoscopic remission at week 54.

In step II study, the ROC analysis demonstrated that the best cut off level of ITL and CRP at week 54
on predicting endoscopic relapse at week 108 was 2.10 pg/mL (AUC = 0.85, 95%ClI: 0.72-0.93, P < 0.001)
and 3.00 mg/L (AUC = 0.73, 95%ClI: 0.60-0.84, P = 0.012) (Table 3 and Figure 3). CD patients with ITL <
2.10 pg/mL and CRP > 3.00 mg/L at week 54 had 100% probability of endoscopic relapse at week 108.
However, CD patients with ITL > 2.10 pg/mL and CRP < 3.00 mg/L at week 54 had 97% probability of
sustained endoscopic remission at week 108.

Correlation between ITL, inflammatory biomarkers and endoscopic relapse-free survival

In step I study, 26/93 (27.96%) CD patients had experienced endoscopic relapse from week 14 to week
54 of IFX maintenance therapy. The estimated endoscopic relapse-free rate was 46/48 (95.83%) in CD
patients with ITL > 5.6 pg/ml and 21/45 (46.67%) in CD patients with ITL <5.6 pg/ml. The median time
to endoscopic relapse of CD patients with ITL < 5.6 pg/ml was 32.00 wk shorter than those with ITL >
5.6 pg/ml [hazard ratio (HR) = 16.19, 95%CI: 7.44-35.22, P < 0.0001] (Figure 4A). The estimated
endoscopic relapse-free rate was 6/25 (24.00%) in CD patients with FCP > 238 pg/g and 61/68 (89.71%)
in CD patients with FCP < 238 pg/g. The median time to endoscopic relapse of CD patients with FCP >
238 pg/g was 21.00 wk shorter than those with FCP < 238 pg/g (HR = 11.25, 95%ClI: 4.26-29.73, P <
0.0001) (Figure 4B).

WJG | https://www.wjgnet.com 2585 June 21,2022 | Volume28 | Issue23 |



Cao WT et al. A single-center retrospective research in Eastern China

Table 1 Clinical characteristics of Crohn‘s disease patients with endoscopic remission

Week 14 (after initial IFX therapy) Week 54 (after initial IFX therapy) n = 54

Variable Total,n= ERatweek54,n EAatweek54,n Total,n= ERatweek108,n EA atweek 108, n
93 =67 =26 54 =42 =12

Medjian age in yr, mean + SD 28.96+9.37  29.03 +10.09 28.77 +7.39 27.57+10.13 26.93 £9.87 29.83+11.13

Course in yr, median (IQR) 3.0 (1.0,6.0) 2.0(1.0, 6.0) 3.5(2.0,8.3) 2.0(1.0,5.00 2.0(1.0,5.0) 2.0 (1.3, 8.5)

Male sex, 1 (%) 55 (59.1) 43 (64.2) 12 (46.2) 35 (64.8) 28 (66.7) 7 (58.3)

Disease location, 1 (%)

L1 (terminal ileum) 18 (19.4) 14 (20.9) 4 (154) 10 (18.5) 9 (21.4) 1(8.3)

L2 (colon) 11 (11.8) 6 (9.0 5(19.2) 5(9.3) 4(9.5) 1(83)

L3 (ileocolon) 64 (68.8) 47 (70.1) 17 (65.4) 39 (72.2) 29 (69.0) 10 (83.3)

L4 (upper digestive tract) 22 (23.7) 15 (22.4) 7 (26.9) 14 (25.9) 11(26.2) 3 (25.0)

Disease behavior, 1 (%)

B1 (no) 19 (20.4) 15 (22.4) 4 (15.4) 13 (24.1) 9 (21.4) 4(33.3)

B2 (stenosis) 11 (11.8) 9 (13.4) 2(7.7) 6 (11.1) 5 (11.9) 1(8.3)

B3 (penetration) 40 (43.0) 27 (40.3) 13 (50.0) 23 (42.6) 18 (42.9) 5(41.7)

B2 (stenosis) + B3 (penetration) 23 (24.7) 16 (23.9) 7 (26.9) 12 (22.2) 10 (23.8) 2 (16.7)

Perianal diseases, 1 (%) 55 (59.1) 38 (56.7) 17 (65.4) 32 (59.3) 25 (59.5) 7 (58.3)

Previous medical therapy, n (%) 64 (68.8) 46 (68.7) 18 (69.2) 34 (63.0) 25 (59.5) 9 (75.0)

Previous surgical therapy, n (%) 15 (16.1) 11 (16.4) 4 (15.4) 8 (14.8) 8 (19.0) 0 (0.0)

Laboratory indicators, mean + SD

Fecal calprotectin, pg/g 399.96 + 178.62 + 242.38 970.35 + 734.49 353.17 £ 178.57 +276.56 964.25 + 830.56
562.47 557.71

IFX trough level, pg/ml 6.12+3.72 7.23 +3.48 3.25+2.67 380+225  4.37+2.02 1.80 +1.90

White blood count, x 10°/L 532+187  5.16+147 5.73 +2.65 527 +1.41 5.27 £1.43 528 +1.41

Hematoglobin, g/L 12837 + 130.96 + 20.03 121.69 + 20.27 136.59 + 136.79 +£16.94 135.92 +13.13
20.42 16.06

Platelet, x 10°/L 210.66 + 202.36 + 58.34 232.04 £90.94 205.02 £ 204.62 +45.82 206.42 +49.54
69.77 46.19

Erythrocyte sedimentation rate, ~ 9.88 1225  6.89 £7.96 17.46 +17.28 7.31£1035 6.33+6.89 10.75 £17.97

mm/h

Albumin, g/L 4213+417 42.65+3.93 40.77 + 4.54 4451+340 44.99+3.38 42.85 +3.02

C-reactive protein, mg/dl 298 £5.43 1.82+277 5.96 + 8.69 1.99+3.18  1.23+1.79 4.66 £5.19

IFX: Infliximab; IQR: Interquartile range; SD: standard deviation; EA: Experimental adhesive; ER: Endoplasmic reticulum.

In step II study, 12/54 (22.22%) CD patients had experienced endoscopic relapse from week 54 to
week 108 of IFX maintenance therapy. The estimated endoscopic relapse-free rate was 38/41 (92.68%) in
CD patients with ITL > 2.1 pg/mL and 4/13 (30.77%) in CD patients with ITL <2.1 pg/mL. The median
time to endoscopic relapse of CD patients with ITL < 2.1 ug/mL was 40.00 w, shorter than those with
ITL > 2.1 pg/mL (HR = 13.14, 95%CI: 3.07-56.27, P < 0.0001) (Figure 4D). The estimated endoscopic
relapse-free rate was 4/8 (50.00%) in CD patients with CRP > 3.00 mg/L and 40/46 (86.96%) in CD
patients with CRP < 3.00 mg/L. The median time to endoscopic relapse of CD patients with CRP > 3.00

mg/L was 50.00 wk shorter than those with CRP <3.00 mg/L (HR = 7.85, 95%CI: 1.31-46.85, P < 0.0001)
(Figure 4C).

DISCUSSION

Several studies have confirmed that different ITLs brought about different outcomes of CD under IFX
therapy (Table 4). Tang et al[1] discovered that CD patients achieving mucosal healing at week 14 of IFX
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Table 2 Predictive indicators of endoscopic relapse in Crohn's disease patients with endoscopic remission

Week 14 (after initial IFX therapy), n =93 Week 14 (after initial IFX therapy), n = 54
Predict endoscopic relapse at week 54 Predict endoscopic relapse at week 108

Variable Univariate analysis Multivariable analysis  Univariate analysis Multivariable analysis

0, P 0, P 0, P 0, P
OR (95%Cl) OR (95%Cl) OR (95%Cl) OR (95%Cl)
value value value value

Median age in year, median (IQR) 0.997 (0.950- 0.904 - - 1.028 (0.967-1.093) 0.381 - -
1.047)

Course in year, median (IQR) 1.054 (0.945- 0.346 — — 1.065 (0.906-1.253) 0.444 — —
1.176)

Male sex, 1 (%) 0.478 (0.191- 0.116 — — 0.700 (0.188-2.607) 0.595 — —
1.199)

Disease location, n (%)

L1 (terminal ileum) 0.413 (0.114- 0.178 — — 1.158 0.117- 0.900 — —
1.495) 11.454)

L2 (colon) 1.453 (0.430- 0.548 — — 3.000 (0.341- 0.322 — —
4.908) 26.427)

L3 (ileocolon) - - - - - - - -

L4 (upper digestive tract) 1.277 (0.452- 0.645 — — 0.939 (0.215-4.113)  0.934 — —
3.612)

Disease behavior, 1 (%)

B1 (no) — — — - - — — -

B2 (stenosis) 0.889 (0.345- 0.808 — — 0.600 (0.141-2.561) 0.490 — —
2.294)

B3 (penetration) 1.860 (0.658- 0242  — = 0.700 (0.188-2.607) 0.595  — =
5.264)

B2 (stenosis) + B3 (penetration) — - - — — - - —

Perianal diseases, 1 (%) 1.442 (0.562- 0.446 — — 0.952 (0.259-3.502) 0.941 — —
3.696)

Previous medical therapy, 1 (%) 1.027 (0.386- 0.957 2.040 (0.481-8.650) 0.333
2.736)

Previous surgical therapy, n (%) 0.926 (0.266- 0.903 - — — - - —
3.218)

Laboratory indicators, median (IQR)

Fecal calprotectin, pg/g 1.003 (1.002- 0.000 1.002 (1.001- 0.002 1.002 (1.001-1.004) 0.001 NS NS
1.005) 1.004)

IFX trough level, pg/mL 0.650 (0.532- 0.000 0.666 (0.514- 0.002 0.470 (0.289-0.766) 0.002 0.466 (0.247- 0.018
0.796) 0.862) 0.877)

White blood count, x 10°/L 1.167 (0.921- 0.201 — — 1.004 (0.636-1.586) 0.986 — —
1.478)

Hematoglobin, g/L 0.977 (0.954- 0.053 — — 0.997 (0.957-1.038)  0.867 — —
1.000)

Platelet, x 10°/L 1.006 (0.999- 0.081 - — 1.001 (0.987-1.015) 0.904 - —
1.013)

Erythrocyte sedimentation rate, 1.073 (1.028- 0.001 NS NS 1.035 (0.978-1.096) 0.239 — —

mm/h 1.120)

Albumin, g/L 0.895 (0.800- 0.054 — — 0.821 (0.667-1.010) 0.062 — —
1.002)

C-reactive protein, mg/dL 1.245 (1.080- 0.003 NS NS 1.389 (1.070-1.804) 0.014 1.590 (1.007- 0.047
1.435) 2.510)

IFX: Infliximab; NS: Not significant; CI: Confidence interval; IQR: Interquartile range; OR: Odds ratio.
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Table 3 Predictive value of indicators on endoscopic relapse

Youden e . . Positive Negative Area under the P
. Sensitivity  Specificity . L
index predictive value  predictive value  ROC curve value
Predictors at week 14 of
Endoscopic relapse at week 54
ITL < 5.6 pg/mL 0.61(041-  0.92(0.75-  0.69(0.56-  0.53 (0.44-0.62) 0.96 (0.86-0.99) 0.83 (0.73-0.90) <0.001
0.72) 0.99) 0.79)
FCP > 238 yg/g 0.64(0.38-  0.73(0.52-  091(0.82-  0.76 (0.59-0.88) 0.90 (0.82-0.94) 0.82 (0.72-0.89) <0.001
0.78) 0.88) 0.97)
ITL<5.6 pg/mL and FCP>238  0.63 (0.40-  0.69 (0.48-  0.94 (0.85-  0.82 (0.63-0.92) 0.89 (0.82-0.93) 0.82 (0.72-0.89) <0.001
ng/g 0.80) 0.86) 0.98)
ITL < 5.6 pg/mL or FCP > 238 0.62 (0.47- 096 (0.80-  0.66 (0.53-  0.52 (0.44-0.60) 0.98 (0.87-1.00) 0.81 (0.71-0.88) <0.001
ng/g 0.74) 1.00) 0.77)
Predictors at week 54 of
Endoscopic relapse at week 108
ITL <2.1 pg/mL 0.68 (040-  0.75(043- 093 (0.81-  0.75(0.49-0.90) 0.93 (0.83-0.97) 0.85 (0.72-0.93) <0.001
0.87) 0.95) 0.99)
CRP > 3.0 mg/dL 045(0.20- 050 (021-  0.95(0.84-  0.75(0.41-0.93) 0.87 (0.79-0.92) 0.73 (0.60-0.84) 0.012
0.68) 0.79) 0.99)
ITL <2.1 pg/mL and CRP > 3.0 033 (0.08-  0.33(0.10-  1.00 (0.92- 1.0 (1.00-1.00) 0.84 (0.78-0.89) 0.67 (0.53-0.79) 0.019
mg/dL 0.58) 0.65) 1.00)
ITL <2.1 pg/mL or CRP > 3.0 0.80 (0.50-  0.92(0.62-  0.88(0.74-  0.69 (0.49-0.84) 0.97 (0.85-1.00) 0.90 (0.79-0.96) £10.001
mg/dL 0.93) 1.00) 0.96)

ITL: Infliximab trough level; FCP: Fecal calprotectin; CRP: C-reactive protein; ROC: Receiver operating characteristic.

- Exclude 18 patients with
Exclude 1 CD patients totally Endoscopic Activity at week 14
Data absence of 1 patients

Step I study: Predictive value of

(IFTC'.”de 111 CD patients with ITL at week 14 on EA at week 54 (. ——
clinical remission under IFX l93 patients Endoscopic Remission

Ltherapy more than one year J

Collect 112 CD patients Endoscopic relapse free survival
under IFX therapy during step I or II study

(Include 80 CD patients with ) (
clinical remission under IFX l54 patients Endoscopic Remission]
Ltherapy more than one year J Step II study: Predictive value of
ITL at week 54 on EA at week 108

Exclude 32 CD patients totally
(I) Course of therapy shorter than two years [Exclude 26 patients with }

of 10 patients . Endoscopic Activity at week 14
(II) Secondary non-response of 12 patients

(III) Suspension of IFX therapy within two
years due to disease remission of 10 patients

Figure 1 Patients selected and outcome of infliximab therapy. CD: Crohn's disease; EA: Endoscopic activity; IFX: Infliximab.

therapy with ITL > 2.5 pg/mL at week 14 had 71% chance of mucosal healing at week 54, while patients
with ITL < 2.5 pg/mL had only 33% chance. ITL 2 3 pg/mL at the beginning of IFX maintenance
therapy was confirmed as a predictor of sustained response to IFX in CD patients[2]. Recently a
prospective study in Japan verified that CD patients with ITL > 3 pg/mL at week 14 after IFX initial
therapy had much better long-term clinical outcomes than patients with ITL < 3 pg/mL, of which
survival analysis indicated 100% probability of clinical remission at week 108 in the former and 33.3%
probability in the latter[3]. A meta-analysis determined that ITL > 2.0 pg/mL of IBD patients under IFX
maintenance therapy contributes to better prognosis such as clinical remission or mucosal healing[4].
Similarly, this study found that CD patients with ITL > 5.6 pg/mL at week 14 had a large chance of
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gh level on deep remission in inflammatory bowel disease

. Optimal cut-off o Yes/No
Study design i Predictive content ' SE SP PPV NPV AUC
value n
A retrospective observa- 4.85 pg/mL at Mucosal healing (complete absence of any sign of ~ 82/59 67%  80% 0.80
tional single-center study ~ week 14 ulceration)
in China
4.85 pg/mL at Mucosal healing (CDEIS of < 3) 84/57 68%  83% 0.79
week 14
2.85 pg/mL at Mucosal healing (complete absence of any sign of ~ 59/50 73%  84% 0.78
week 30 ulceration)
2.85 pg/mL at Mucosal healing (CDEIS of < 3) 62/47 68%  81% 0.73
week 30
A retrospective observa- 2.50 pg/mL at Mucosal healing (SES-CD/Rutgeerts of 0 or 1) at 31/42 87%  60% 0.70
tional single-center study ~ week 14 week 52
in China
2.50 pg/mL at Sustained remission (no treatment failure, no need  70/38 64%  63% 0.70
week 14 for surgery or intensification of IFX nor new
introduction during IFX therapy) at week 52
A prospective multicenter ~ 3.40 pg/mL (1) SES-CD<3 for CD patients; (2) Rutgeerts score < 58/30 60%  60% 73%  42%  0.63
study in Spanish i2 for CD patients in the postoperative setting; and
(3) Mayo endoscopic score < 2 for UC patients
A multicenter, randomized, 23.10 mg/L at Endoscopic remission (CDEIS < 3) at week 12 54/52 56%  80% 72%  65%  0.67
double-blind, controlled week 2
trial in Europe
10.00 mg/L at Endoscopic remission (CDEIS < 3) at week 12 54/52 37% 89%  76%  59%  0.64
week 6
10.60 mg/L (dose  The absence of ulcers at week 54 85/51 94% 42%  49%  R2% 071
escalation to 10
mg/kg)
A retrospective multicenter 9.70 pg/mL Endoscopic remission (absence of any mucosal 62/34 57% 73%  80%  48%  0.65
study in United States break (ulceration or erosion)/Rutgeerts score of <
i1)
9.80 pg/mL Histologic remissions (absence of active inflam- 43/44 63% 66%  64%  64%  0.62
mation)
2.20 pg/mL Biochemical remission (CRP < 5 mg/dL) 48/23 92% 35%  75%  67%  0.64
A retrospective observa- 4.00 pg/mL Mucosal healing (modified Rutgeerts scoring 20/58 71%  70% 0.63
tional single-center study system: 0 or 1) after 30 days
in Japan
0.60 pg/mL CRP normalization (< 0.3 mg/dL) 28/22 73%  62% 0.67
1.00 pg/mL Serum albumin normalization (> 4.0 mg/dL) 17/33 67%  71% 0.72
1.10 pg/mL Fecal calprotectin (= 300 pg/g) 13/25 72%  56% 0.63
A retrospective cross- 4.20 pg/mL Mucosal healing (SES-CD = 0) 51/54 65% 70%  67%  68%  0.68
sectional multicenter study
in South Korea 3.71 pg/mL Partial mucosal healing (SES-CD < 3) 63/42 70%  71% 79%  61% 073
3.26 pg/mL Clinical remission (PCDAI < 10) 95/10 71% 100% 100% 73%  0.90
2.52 pg/mL Biochemical remission (CRP < 0.3 mg/dL) 87/18 86% 56%  90%  46% 0.71
A prospective cohort 8.02 pg/mL Histologic remission (an absence of active chronic ~ 56/48 79%  68% 0.72
multicenter study in inflammation)
Canada
8.27 pg/mL Sustained histologic remission (histologic 36/16 88%  72% 0.77
remission documented at both the baseline and
follow-up colonoscopies)
A retrospective cross- 7.10 pg/mL Fistula healing (no spontaneous discharge or no 18/11 78%  100% 0.93
sectional study in United discharge on palpation in the absence of seton
Kingdom drainage)
7.10 pg/mL Fistula closure (the absence of an external skin 13/16 64%  100% 0.97

opening)

SE: Sensitivity; SP: Specificity; PPV: Positive predictive value; NPV:Negative predictive value; AUC: Areas under the curve; CDEIS: Crohn’s disease
endoscopic index of severity; SES-CD: Simplified endoscopic score for Crohn’s disease; CD: Crohn’s disease; UC: Ulcerative colitis; CRP: C-reactive protein;
PCDAL: Pediatric Crohn’s disease activity index.
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Figure 2 Incremental gain analysis of sustained endoscopic remission rate in relation to infliximab trough level at week 14 and week 54.
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achieving sustained endoscopic remission during IFX maintenance therapy as well as CD patients with
ITL > 2.1 pg/mL at week 54. Borren et al[5] implemented a multi-center retrospective study and
concluded that low ITL in IBD patients during IFX maintenance therapy could not be a good predictor
of clinical relapse in the next 2 years, suggesting that proactive therapeutic drug monitoring was not
suitable in this group. However, this study discovered that CD patients with ITL < 5.6 pg/mL at week
14 or ITL £ 2.1 pg/mL at week 54 were more likely to experience endoscopic relapse during the 1-year
follow-up period.

According to previous studies, the challenge for IBD physicians is to frame the more suitable blood
trough level of IFX to achieve better disease prognosis in clinical therapy. The elements associated with
the blood trough level of IFX can be classified into three areas. Above all, the better the therapeutic goal
desired by IBD physicians or patients, the higher the blood trough level of IFX is required. An observa-
tional study contraposing to CD patients with a history of intestinal surgery by Imaeda et al[6] verified
that mucosal healing required higher ITLs as more than 4.0 pg/mL compared to those to achieve
normalization of routine clinical markers. Papamichael ef al[7] considered that ITL surpassing 9.7
pg/mL indicated 80% probability of endoscopic remission in CD patients under IFX maintenance
therapy, while ITL surpassing 2.2 ng/mL was associated only with biochemical remission. Recently, a
prospective study verified that ITL > 8.0 pg/mL was highly correlated with histological emission and
sustained histological remission in IBD patients[8]. Perianal fistula, the most universal complications of
CD patients, is another therapeutic goal. A retrospective cross-sectional study by Plevris et al[9]
manifested that perianal fistula healing or closure is associated with higher ITLs as more than 7.1
pg/mL.

Secondly, each clinical study had different stages of IFX drug monitoring, especially during
maintenance therapy. ITL continues to decrease as time passed during IFX maintenance therapy[10]. A
cross-sectional study of IBD patients under IFX therapy with a fixed dose more than 6 mo found that
IBD patients with ITL > 3.4 pg/mL had a 73% chance of endoscopic mucosal healing[11]. Kang et al[12]
showed that ITL > 5 pg/mL during IFX maintenance therapy could identify mucosal healing in
pediatric CD patients with 80% specificity. Feng et al[13] innovatively integrated ITL levels in different
time stages to identify endoscopic mucosal healing in CD patients, indicating that patients with ITL >
4.85 pg/mL at week 14 and ITL > 2.85 pg/mL at week 30 had an 80% chance of achieving endoscopic
mucosal healing. Based on incremental gain analysis in our study, sustained endoscopic remission rate
at week 54 reached only 54.63% at an ITL range of 2.5 to 4.9 ng/mL at week 14 while corresponding
numbers at week 108 was 89.47% at an ITL range of 2.0 to 3.9 ng/mL at week 54. Therefore, the study
held the view that CD patients with endoscopic remission need higher ITL at the beginning of IFX
maintenance therapy (= 5.6 pg/mL at week 14) than after IFX maintenance therapy over a half year (>
2.1 pg/mL at week 54). In addition, CD patients achieving endoscopic remission after IFX induction
therapy and sustained endoscopic remission more than a half year may not need high ITL to maintain
endoscopic remission.

The third element is therapeutic optimization of IFX in IBD. Adverse IFX response as high ATI level
or low ITL may occur in a few CD patients during IFX maintenance therapy. Several clinical studies
held the view that severe inflammatory activity of CD patients could change pharmacokinetics of anti-
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Figure 3 Receiver operator characteristic curve of infliximab trough level and inflammatory biomarkers in predicting endoscopic
outcomes. A: Receiver operator characteristic (ROC) curve of infliximab trough level at week 14 in predicting endoscopic remission of Crohn’s disease (CD) at
week 54; B: ROC curve of fecal calprotectin at week 14 in predicting endoscopic remission of CD at week 54; C: ROC curve of infliximab trough level at week 54 in
predicting endoscopic remission of CD at week 108; D: ROC of C-reactive protein at week 54 in predicting endoscopic remission of CD at week 108. ITL: Infliximab
trough level; CRP: C-reactive protein; FCP: Fecal calprotectin; AUC: Area under the curve.
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tumor necrosis factor a biology[14-16]. Therapeutic optimization as increasing fixed dose from 5 mg/kg
to 10 mg/kg or shortening injection interval form every 8 wk to 4-6 wk contributes to increase ITL and
decrease ATI level. A study from Greece demonstrated that, for the initial measurement after
therapeutic adjustment, ITL increased from 1.47 pg/mL to 8.50 pg/mL in patients with therapeutic
optimization while ITL decreased from 5.65 pg/mL to 3.8pg/ml in patients without therapeutic
optimization[10]. A multi-center randomized clinical trial conducted by Dreesen et al[17] showed that
CD patients under IFX maintenance therapy as 5 mg/kg had high probability of no mucosal ulcer under
endoscopy at week 54 with ITL more than 7.3mg/L, and CD patients under intensified dose IFX therapy
as 10 mg/kg had 94% probability of no mucosal ulcer under endoscopy with ITL rising to more than
10.6 mg/L. Therefore, intensified therapy may contribute to mucosal healing in CD patients with
ulceration if IFX injection dose is less than 10 mg/kg and ITL is less than 10.6 pg/mL. However, a few
CD patients will accept combination therapy of IFX and immunosuppressant to boost the efficacy,
especially AZA and mercaptopurine. AZA is a precursor of mercaptopurine, and two components
ultimately produce thioguanine to exert clinical effect during metabolism. A study verified that
thioguanine concentration more than 125 pmol/8 x 10° red blood cells could enhance ITL to 8.3 ug/mL
or more and decrease positive rate of ATI[18,19]. Hence, this study mainly included CD patients with
sustained clinical remission more than 6 mo under fixed therapeutic strategy of IFX 5 mg/kg every 8 wk
combined with AZA 50 mg every day. Retrospective records of CD patients included would suspend if
therapy strategy changed, such as intensive therapy of IFX, conversion therapy of other biologics and
combination therapy of surgery or other medications. The study design eliminated the influence of
therapeutic adjustment on ITL.

The greatest strength of inflammatory biomarkers compared with blood trough level is that they are
unaffected by time during different monitoring stages of biological therapy in IBD patients. This study
showed that ITL > 5.6 pg/mL combined with FCP < 238 pg/g at week 14 moderately predicted
sustained endoscopic remission during the 1-year follow-up period on CD patients with positive
predictive value more than 95% as well as ITL > 2.1 ug/mL combined with CRP < 3.00 mg/L at week
54, superior to use ITL as the only predictor. FCP and CRP are considered as the most universal and
typical biomarkers of inflammatory evaluation in IBD, also verified to be the independent risk factors of
adverse endoscopic outcomes. The study confirmed that combining blood trough level with inflam-
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Figure 4 Proportion without endoscopic relapse. A. Time since infliximab (IFX) therapy at week 14 [IFX trough level (ITL) > 5.6 pg/mL vs ITL < 5.6 pug/mL];
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matory biomarkers contributed to improving the accuracy of the prediction on endoscopic outcomes. A
post hoc analysis from the CALM study manifested that CD patients with FCP < 250 pg/g mostly
achieved CDEIS < 4 without deep ulceration, regardless of whether CRP < 5 mg/L. However, among
patients with CRP < 5 mg/L but FCP > 250 pg/g, only 16.7% achieved CDEIS < 4 without deep
ulceration[20]. The result indicated that the correlation between FCP normalization and endoscopic
mucosal healing in CD patients was stronger than that of CRP normalization. A previous study verified
that FCP is suitable for distinguishing mild endoscopic activity from endoscopic remission, while it is
difficult to distinguish partial endoscopic remission from complete endoscopic remission[21]. Similar to
blood trough level, the optimal cut off value of FCP for distinguishing endoscopic activity from
endoscopic remission ranges from 71 pg/g to 250 pg/g with moderate diagnostic performance[22-27].
The study identified that FCP > 276 pg/g predicted endoscopic activity at week 54 of CD patients with
clinical remission at week 14 moderately with 84.6% sensitivity and 92.1% specificity. Unlike FCP, the
sensitivity of CRP to mild intestinal inflammation was low and the level of CRP increased much more
dramatically in CD patients with moderate to severe inflammation. Therefore, the previous study
preferred to utilize CRP to distinguish moderate to severe endoscopic activity from mild to moderate
endoscopic activity rather than distinguish mild endoscopic activity from endoscopic remission. A
Spanish study showed that FCP > 155 pg/g in combination with CRP > 6.7 mg/L could identify
endoscopic activity with 82% specificity[27].

However, the study has shortcomings in some areas. Firstly, the retrospective single-center study
with small sample, inferior to prospective multi-center with greater sample, comprised some
confounding factors. More real-world studies and randomized controlled trials on guidance significance
of ITL to therapeutic outcomes in IBD need to be conducted. Secondly, the study primarily concentrated
on mucosal inflammation located in large intestine, ignoring small intestine due to the high cost and the
incomplete scoring system of small intestinal evaluation accompanied by the poor compliance of
patients and the laborious operation of endoscopists. Correlation between ITL and various small
intestinal examinations including endoscopy or imageology may be the focus of the future study. Last
but not least, definition of deep remission on CD has been tightened. Considering transmural inflam-
mation of CD, endoscopy is confined to mucosal inflammation and macroscopical evaluation while
imageology can accurately evaluate complete volume of intestinal wall and histopathological
examination, which contributes to microscopical examination. Notwithstanding endoscopic remission
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considered as the main targets and histological remission considered as a novel target, the new concept
of “disease clearance’, which includes clinical, endoscopic and microscopic remission, has drawn more
and more attention from IBD physicians and may bring about a new upsurge of studies on IFX
monitoring and new therapeutic targets[28].

CONCLUSION

In conclusion, during IFX maintenance treatment, low ITL, high CRP level and high FCP level were
independent risk factors of long-term adverse endoscopy outcomes in CD patients with clinical
remission. Combination of ITL, CRP and FCP contribute to long-term endoscopic prognosis monitoring.
The best cut off values of ITL for predicting endoscopic activity within 1-year follow up were 5.60
pg/mL at week 14 and 2.10 pg/mL at week 54. In addition, ITL <5.60 pg/mL in combination with FCP
> 238 pg/g at week 14 as well as ITL < 2.10 pg/mL in combination with CRP > 3.00 mg/L at week 54
increased the precision of prediction on endoscopic outcomes at week 54 and week 108, respectively.
Therapeutic optimization is still recommended in CD patients achieving endoscopic remission,
provided that low ITLs or high levels of inflammatory biomarkers, such as CRP or FCP, arise to prevent
endoscopic recurrence as soon as possible.

ARTICLE HIGHLIGHTS

Research background

Existing studies have confirmed that infliximab (IFX) blood concentration is closely related to remission
and recurrence of Crohn's disease (CD) patients under IFX therapy. In addition, monitoring inflam-
matory biomarkers regularly is another important tool for prognosis assessment of CD patients. Current
studies have confirmed that C-reactive protein (CRP) and fecal calprotectin (FCP) are good predictors of
disease activity, but there is still a lack of reliable evidence for predicting disease remission. Therefore,
in the early stage of IFX treatment, combination of IFX blood concentration and inflammatory
biomarkers may contribute to predict the change of CD outcomes.

Research motivation

The best therapeutic goal of CD was initially defined as clinical remission, and then the definition was
converted to endoscopic remission with precise therapy. Nowadays, some clinicians even pursue
whole-wall healing with individualized therapy. However, long-term clinical prognosis rather than
long-term endoscopic prognosis is still a research priority of clinical studies contrapose to CD patients
under IFX therapy. Therefore, prediction on long-term endoscopic prognosis of CD patients under IFX
therapy has been based solely on models because of a lack of available data.

Research objectives

To explore the predictive value of blood drug concentration on long-term endoscopic outcomes of IFX
therapy for CD and establish a comprehensive outcome prediction model combining IFX blood drug
concentration, CRP and FCP, so as to provide a basis for clinical decision making.

Research methods

A single-center retrospective research has been implemented in the First Affiliated Hospital of Zhejiang
Chinese Medical University. CD patients under IFX therapy from January 2012 to December 2020 were
collected. One hundred and eighty-one CD patients underwent IFX treatment. One hundred and fifty-
three CD patients underwent endoscopy as well as serum concentration monitoring at week 14 after the
third dose of IFX induction therapy. Inclusion criteria: (1) Endoscopic remission at week 14 [Crohn’s
disease endoscopic index of severity (CDEIS) score < 2 points or Rutgeerts < i1]; (2) Clinical remission
after IFX induction therapy without corticosteroids more than 6 mo; and (3) Therapeutic strategy during
maintenance stage was designed as IFX 5 mg/kg every 8 wk combined with azathioprine 50 mg every
day. The study was divided into two stages, the Step I study was conducted from week 14 to 54 of IFX
treatment, and the Step II study was conducted from week 54 to 108 of IFX treatment. Endoscopic
outcomes were defined as endoscopic activity (CDEIS score > 2 points or Rutgeerts score > il) and
endoscopic remission (CDEIS score < 2 points or Rutgeerts < il). Endoscopic relapse free survival was
defined as endoscopic remission at the beginning of the study stage and maintaining endoscopic
remission during the study stage.

Research results
In step I study, 67/93 CD patients (72.04%) sustained endoscopic remission at week 54. Multivariable
regression analysis demonstrated that only ITL [odds ratio (OR) = 0.666, 95% confidence interval (CI):
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0.514-0.862, P = 0.002] and FCP (OR = 1.002, 95%CI: 1.001-1.004, P = 0.002) were independent risk of
endoscopic activity at week 54. The receiver-operating characteristic analysis demonstrated that the best
cut off level of ITL and FCP at week 14 on predicting endoscopic relapse at week 54 was 5.60 ng/mL
[area under the curve (AUC) = 0.83, 95%ClI: 0.73-0.90, P < 0.001] and 238 pg/g (AUC = 0.82, 95%CI: 0.72-
0.89, P < 0.001). The median time to endoscopic relapse of CD patients with ITL < 5.6 pg/ml was 32.00
wk shorter than those with ITL > 5.6 pg/mL [hazard ratio (HR) = 16.19, 95%CI: 7.44-35.22, P < 0.0001].
The median time to endoscopic relapse of CD patients with FCP > 238 pg/g was 21.00 wk shorter than
those with FCP < 238 pg/g (HR = 11.25, 95%CI: 4.26-29.73, P < 0.0001). (II) In step II study, 42/54 CD
patients (77.78%) sustained endoscopic remission at week 108. Multivariable regression analysis found
that only ITL (OR = 0.466, 95%CI: 0.247-0.877, P = 0.018) and CRP (OR = 1.590, 95%ClI: 1.007-2.510, P =
0.047) were independent risks of endoscopic activity at week 108. The receiver-operating characteristic
analysis demonstrated that the best cut off level of ITL and CRP at week 54 on predicting endoscopic
relapse at week 108 was 2.10 pg/ml (AUC = 0.85, 95%CI: 0.72-0.93, P < 0.001) and 3.00 mg/L (AUC =
0.73, 95%Cl: 0.60-0.84, P = 0.012). The median time to endoscopic relapse of CD patients with ITL < 2.1
pg/mL was 40.00 w shorter than those with ITL > 2.1 pg/mL (HR = 13.14, 95%CI: 3.07-56.27, P <
0.0001). The median time to endoscopic relapse of CD patients with CRP > 3.00 mg/L was 50.00 wk
shorter than those with CRP <3.00 mg/L (HR = 7.85, 95%CI: 1.31-46.85, P< 0.0001).

Research conclusions

The best cut off values of ITL for predicting endoscopic activity within 1-year follow up was 5.60 pg/mL
at week 14 and 2.10 pg/mL at week 54. In addition, ITL < 5.60 pg/mL in combination with FCP > 238
pg/g at week 14 as well as ITL < 2.10 pg/mL in combination with CRP > 3.00 mg/L at week 54
increased the precision of prediction on endoscopic outcomes at week 54 and week 108, respectively.

Research perspectives

In view of the fact that conduction of intensive monitoring for biological management plays a vital role
in precise treatment for CD patients, much larger and more stringent prospective studies are warranted
to provide the best predictive models as acknowledged globally in allusion to long-term endoscopic
outcomes of CD patients under IFX therapy.
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