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Abstract
Background: Anti-tumor necrosis factor (TNF) monoclonal antibodies, especially infliximab 
(IFX) and adalimumab (ADA), are considered the first-line treatment for active Crohn’s disease 
(CD). However, the predictive role of therapeutic drug monitoring (TDM) of serum anti-TNF in 
monitoring the treatment of inflammatory bowel disease (IBD) remains controversial.
Objectives: To explore the correlation between serum anti-TNF levels and early endoscopic 
response in active CD using a TDM-based nomogram.
Design: Cross-sectional study.
Methods: The simplified endoscopic activity score for CD (SES-CD), Crohn’s disease activity 
index (CDAI), laboratory parameters, and the serum trough levels of IFX and ADA were 
assessed.
Results: The trough levels of IFX or ADA were significantly higher in patients with endoscopic 
response compared to non-responders in the development cohort (p < 0.001). The IFX and 
ADA levels showed a weak but significantly negative correlation with SES-CD (p < 0.001), 
CDAI (p < 0.001), and C-reactive protein (CRP) (p < 0.001) at week 14 post-IFX therapy in the 
development cohort. Furthermore, the receiver operating characteristic curve revealed that 
an optimal level of IFX (4.80 μg/mL) and ADA (8.80 μg/mL) exhibited the best performance in 
predicting endoscopic response. Concomitantly, we developed a novel nomogram prediction 
model based on the results of multivariate logistic regression analysis, which consisted of 
CRP, albumin (Alb), and anti-TNF trough levels at week 14. The nomogram showed significant 
discrimination and calibration for both IFX and ADA in the development cohort and performed 
well in the external validation cohort.
Conclusion: This study demonstrates a robust association between serum concentrations of 
IFX, ADA, Alb, and CRP and primary endoscopic response in active CD patients. Importantly, 
the TDM- and laboratory marker-based nomogram may be used to evaluate the primary 
endoscopic response to anti-TNF therapy, especially for optimizing treatment strategies and 
switching therapy in CD patients.

Plain language summary 
Therapeutic drug monitoring-based nomogram predicts primary endoscopic response 
in Crohn’s disease

The present study established a therapeutic drug monitoring-based nomogram, which 
exhibits an exceptional predictive value, remarkable accuracy, and discrimination. This 
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Introduction
The utilization of monoclonal antibody (mAb) 
therapy targeting tumor necrosis factor (anti-
TNF), such as infliximab (IFX) and adalimumab 
(ADA), has become a crucial requirement for 
treating active Crohn’s disease (CD). Controlled 
clinical trials have demonstrated the efficacy and 
safety of anti-TNF mAbs in the treatment of 
moderate to severe CD for the induction and 
maintenance of clinical and endoscopic remis-
sion, reducing hospitalizations, relapse rates, and 
surgeries and improving the quality of life.1–6 
However, approximately one-third of the patients 
fail to respond to initial anti-TNF therapies by 
the end of an induction period. Furthermore, 20–
40% of patients show an initial response but lose 
response over time.7–10 Thus, strategies to opti-
mize anti-TNF therapy are necessary.

Several lines of evidence have demonstrated that 
therapeutic drug monitoring (TDM) is emerging 
as a standardized treatment approach for optimiz-
ing anti-TNF treatment in inflammatory bowel 
disease (IBD). Some retrospective cohort studies 
have proposed TDM as a strategy to maximize 
the safety, efficacy, and cost-effectiveness of anti-
TNF therapy.11–13 It has been well established to 
effectively guide treatment de-escalation for 
etanercept14 and ADA15,16 in patients with rheu-
matoid arthritis. However, the NORwegian 
DRUg Monitoring study trial has shown that the 
routine use of TDM during induction therapy 
with IFX did not improve the rates of disease 
remission.17 A meta-analysis has also demon-
strated that the proactive TDM regimen showed 
no significant difference in the maintenance of 
clinical remission compared with conventional 
management [RR, 0.96; 95% confidence interval 
(CI), 0.81–1.13].18 However, the role of TDM in 
predicting the efficacy of anti-TNF therapy in 
IBD patients remains controversial, particularly, 
the predictive values of proactive TDM and reac-
tive TDM. Two induction trials with ADA for 

CD and UC (SERENE-CD and SERENE-UC) 
have indicated that proactive TDM strategy is 
not superior to the reactive TDM for prediction 
of endoscopic and clinical response.19,20 
Nevertheless, a pediatric study has indicated that 
proactive monitoring and ADA dose intensifica-
tion (serum concentrations >5 μg/mL) could 
contribute to significantly higher rates of corticos-
teroid-free clinical remission than reactive moni-
toring in cases of loss of response (LOR).21

Despite being controversial, emerging evidence 
has indicated that high serum anti-TNF drug 
concentrations appear to be associated with bet-
ter clinical outcomes in IBD.22–25 Furthermore, 
TDM can help to identify the underlying mecha-
nisms of poor clinical outcomes, such as insuffi-
cient drug exposure or mechanistic failure due to 
non-adherence or pharmacokinetic issues.26 It is 
worth mentioning that the majority of TDM-
related studies have mainly focused on the evalu-
ation of maintenance therapy instead of the 
induction phase. More importantly, there are 
only limited data mentioning TDM during the 
induction phase in CD and even less data regard-
ing the therapeutic trough threshold of anti-TNF 
as a target for an induction endpoint.27

To date, there is limited evidence to evaluate the 
predictive value of the TDM strategy for inducing 
the remission of active CD. Hence, in this retro-
spective clinical study, we aimed to explore the 
correlation between pharmacokinetic parameters 
and primary clinical efficacy and to predict early 
endoscopic response of patients with active CD 
using a novel TDM-based nomogram.

Materials and methods

Patients
Patients diagnosed with active CD were treated 
with anti-TNF mAbs between March 2017 and 
February 2022 at the Center for IBD Research 

algorithmic nomogram holds the potential to enhance clinicians’ comprehension of the 
underlying mechanisms contributing to individual patients’ failure in achieving expected 
efficacy. Such approach is crucial for optimizing therapy options and facilitating biologic 
switching in refractory Crohn’s disease.
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and Department of Gastroenterology, Shanghai 
Tenth People’s Hospital of Tongji University as a 
development cohort (n = 279). From May 2022 
to August 2023, consecutive patients with active 
CD were prospectively enrolled from other nine 
tertiary centers as the validation cohort (n = 137). 
All patients with CD were diagnosed based on the 
European Crohn’s and Colitis Organization 
guidelines.28 The inclusion criteria for the present 
study were as follows: (1) adult patients 
(18 ⩽ age ⩽ 75); (2) a confirmed diagnosis of CD 
for at least 3 months; (3) simplified endoscopic 
activity score for CD (SES-CD) ⩾ 4 and Crohn’s 
disease activity index (CDAI) > 15029–31; (4) 
without receiving any anti-TNF mAbs and other 
biologics within the previous 3 months; and (5) 
colonoscopy and TDM data for IFX and ADA 
available. Concomitant treatment with immuno-
suppressants [e.g. azathioprine (AZA), metho-
trexate], oral 5-aminosalicylic acid, oral 
corticosteroids (tapering regimens), or antibiotics 
was allowed. The exclusion criteria were as fol-
lows: (1) history of bowel surgery; (2) lack of 
colonoscopy procedures, clinical information, 
and laboratory parameters; and (3) inability to 
assess disease extent.

Therapeutic drug monitoring
The serum samples were obtained in all CD 
patients at week 14 after receiving IFX or ADA 
therapy following a protocol as described below 
and sent to the Qingdao Bodhi Huisheng Medical 
Laboratory (Qingdao, China) for further analysis. 
The serum trough levels of IFX and ADA were 
then measured on serum samples using a com-
mercially available ELISA kit (Tarcine BioMed 
Inc., Beijing, China) according to the manufac-
turer’s recommendations. All samples were run in 
singlicate and expressed as μg/mL. Free anti-IFX 
or anti-ADA antibodies were measured in parallel 
to drug levels using the ELISA kit. As the kit is 
sensitive to drugs, it only detects anti-drug 
antibodies.

Study design and assessments
The reporting of this study adheres to the 
Strengthening the Reporting of Observational 
Studies in Epidemiology statement.32 Two hun-
dred and seventy-nine patients with active CD 
were included in the development cohort. Among 
them, 158 patients received intravenous infusion 
of IFX (REMICADE; CilagAG, Schaffhausen, 

Switzerland) (5 mg/kg) over 30 min on day 1 
(namely week 0) and at weeks 2, 6, and 14, while 
121 patients received subcutaneous administra-
tion of ADA (Humira; AbbVie Inc, Chicago, IL, 
USA) at doses of 160 mg at week 0, 80 mg at week 
2, and thereafter 40 mg every 2 weeks for up to 
14 weeks. The serum levels of IFX and ADA were 
measured just prior to injection at week 14.

Ileo-colonoscopy was performed before treat-
ment and at week 14 post-injection. The endo-
scopic images were evaluated by experienced 
central readers (DK and LC) who received train-
ing in scoring the SES-CD (score range 0–56). In 
cases of discrepancy in the assessment between 
the two investigators, a third investigator (ZL, 
with 32 years of experience in colonoscopy) 
reviewed the images to make the final decision. 
Clinical assessments were performed using CDAI 
scores and laboratory biomarkers, including 
serum C-reactive protein (CRP), blood platelet 
(Plt), albumin (Alb), and erythrocyte sedimenta-
tion rate (ESR).

Study endpoints
The primary endpoint of this study was to assess 
the association between serum anti-TNF levels 
(ADA and IFX) and primary endoscopic response 
at week 14. The primary endoscopic response 
was defined as a decrease in the SES-CD score by 
>50% compared with the baseline.30 Exploratory 
endpoints included the associations between 
endoscopic response and the disease severity (i.e. 
CDAI) and laboratory parameters (i.e. CRP, 
ESR, Alb, and Plt).

Development and validation of a prediction 
nomogram
Clinical variables were selected using univariate 
and multivariate logistic regression analyses. 
Selected variables were integrated into a predic-
tion model and presented as a nomogram. The 
nomogram translated complex mathematical 
models into a simple graph of scaled variables, 
facilitating a quick approximation of the event 
probability. A receiver operating characteristic 
(ROC) curve was used to assess the discrimina-
tion of the nomogram. A calibration plot was 
applied to assess the calibration of the nomogram 
by comparing the actual and predicted probabili-
ties. The nomogram stability was verified by ten-
fold cross-validation.

https://journals.sagepub.com/home/tag
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Prospective validation cohort
We developed a prospective external validation 
cohort from eight tertiary centers between May 
2022 and August 2023 (n = 137). Seventy-nine 
patients received intravenous infusion of IFX 
(REMICADE), and 58 patients received subcu-
taneous administration of ADA (Humira). The 
serum levels of IFX and ADA were measured just 
prior to injection at week 14. Clinical and labora-
tory parameters of the patients were collected, as 
mentioned above.

Statistical analysis
Continuous variables were presented as inter-
quartile ranges (IQRs). The Chi-square test was 
performed to compare categorical data such as 
patient sex and other clinical features. The 
Mann–Whitney U test was performed to compare 
non-parametric variables such as CDAI and 
SES-CD. The correlations between the anti-TNF 
levels and CDAI, SES-CD, CRP, Plt, Alb, and 
ESR were tested using Spearman’s rank correla-
tion coefficient. ROC curve analysis was used to 
obtain the cutoff value with optimal sensitivity 
and specificity. Multivariate regression analysis 
was used to identify clinical predictors of endo-
scopic response. A p value less than 0.05 was con-
sidered statistically significant. Statistical analyses 
were performed using Statistical Package for the 
Social Sciences software (version 26.0; SPSS 
Inc., New York, NY, USA), Prism software (ver-
sion 8.0), and R software (version 3.6.3).

Results

Patient characteristics
In total, 416 patients with active CD were enrolled 
in this study. The clinical characteristics of 279 
patients in the development cohort are listed in 
Table 1, and 137 patients in the validation cohort 
are exhibited in Supplementary Table 1. Of these 
patients, 237 were treated with IFX, and 179 
were treated with ADA. Most individuals 
(98.79%) were naïve to biological agents. The 
median age at baseline was 32 years (22.75–
42 years). The median course duration of these 
patients was 27 months (6.0–65.0 months). 
Among these patients, 232 (55.77%), 114 
(27.40%), and 150 (36.06%) were taking oral 
5-aminosalicylates, AZA, and corticosteroids, 
respectively. The majority of these patients exhib-
ited a moderate active disease with a mean CDAI 

of 291.91 (236.20–372.22) and SES-CD of 11 
(6–19). The baseline clinical characteristics were 
well balanced between the two cohorts 
(Supplementary Table 1).

Clinical predictors of primary endoscopic 
response
An intention-to-treat analysis revealed that 70 of 
158 patients (44.30%) in the IFX group and 66 
of 121 patients (54.55%) in the ADA group had 
an endoscopic response at week 14 in the devel-
opment cohort. Univariate logistic analysis was 
performed to further explore the available factors 
that could predict the primary endoscopic 
response. Notably, the serum trough levels of 
IFX and ADA, but not anti-drug antibodies, were 
significantly higher in patients with endoscopic 
response rather than in non-responders 
(p < 0.001) (Figure 1 and Table 2). Moreover, 
lower levels of SES-CD, CDAI scores, CRP, 
ESR, and Plt, and higher levels of Alb all contrib-
uted to an endoscopic response in both IFX- and 
ADA-treated groups (p < 0.05) (Table 2). In a 
univariate analysis, the characteristics of CD 
patient, including sex [OR (odds ratio) 0.84, 95% 
CI 0.42–1.69, p = 0.627], age (OR 1.02, 95% CI 
0.99–1.04, p = 0.293), body mass index (OR 
0.99, 95% CI 0.90–1.08, p = 0.750), disease 
duration (OR 1.01, 95% CI 1.00–1.01, p = 0.114), 
and concomitant immunosuppressants (OR 1.51, 
95% CI 0.80–2.84, p = 0.201) showed no statisti-
cally significant differences in the development 
cohort receiving IFX therapy (Table 2). 
Moreover, the same pattern of changes was also 
observed in the development cohort receiving 
ADA treatment, except for age (OR 1.04, 95% 
CI 1.01–1.07, p = 0.013) and disease duration 
(OR 1.01, 95% CI 1.00–1.02, p = 0.030).

Correlations among anti-TNF level, CDAI, SES-
CD, and laboratory parameters
The correlation between endoscopic response 
and the concentrations of IFX and ADA was 
tested in the development cohort. The trough lev-
els of IFX demonstrated a weak but significant 
negative correlation with SES-CD (r = −0.374, 
p < 0.001), CDAI (r = −0.383, p < 0.001), and 
CRP (r = −0.335, p < 0.001), respectively [Figure 
2(a)–(c)]. The trough levels of IFX also exhibited 
a weak but significant correlation with ESR 
(r = −0.297, p = 0.002) and Alb (r = 0.409, 
p < 0.001), respectively [Supplementary Figure 
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Table 1. Baseline clinical characteristics.

Parameter Total IFX ADA

N = 279 N = 158 N = 121

Male, n (%) 193 (69.18) 112 (70.89) 81 (66.94)

Age (years), median (IQR) 31.00 (23.00–40.00) 31.50 (24.00–39.00) 31.00 (22.00–42.00)

BMI, median (IQR) 19.53 (17.30–21.90) 19.72 (17.40–21.92) 19.49 (17.28–21.88)

Duration (months), median (IQR) 27.00 (6.50–65.00) 39.00 (12.00–83.00) 17.00 (6.00–47.00)

Smoking at first dose, n (%) 13 (4.66) 7 (4.43) 6 (4.96)

Previous treatment

 5-ASA, n (%) 162 (58.06) 101 (63.92) 61 (50.41)

 Steroids, n (%) 102 (36.56) 69 (43.67) 33 (27.27)

 AZA, n (%) 83 (29.75) 59 (37.34) 24 (19.83)

 MTX, n (%) 22 (7.89) 16 (10.13) 6 (4.96)

 Biologics, n (%) 5 (1.79) 4 (2.53) 1 (0.83)

  IFX, n (%) 1 (0.36) / 1 (0.83)

  ADA, n (%) 3 (1.08) 3 (1.90) /

  VDZ, n (%) 1 (0.36) 1 (0.63) /

CRP (mg/L), median (IQR) 12.70 (3.16–28.70) 10.70 (3.14–29.00) 14.71 (3.33–28.40)

ESR (mm/h), median (IQR) 23.00 (14.00–36.00) 23.00 (14.00–38.50) 22.50 (14.25–34.75)

Alb (g/L), median (IQR) 40.00 (35.50–44.00) 40.70 (36.30–46.00) 39.10 (34.85–42.60)

Platelet (×109/L), median (IQR) 290.00 (230.00–366.00) 273.50 (218.50–364.25) 312.00 (252.00–368.00)

CDAI, median (IQR) 290.12 (237.21–364.20) 287.67 (231.05–365.22) 291.37 (249.95–359.70)

 150 < CDAI < 220, n (%) 57 (20.43) 36 (22.78) 21 (17.36)

 220 ⩽ CDAI < 450, n (%) 184 (65.95) 96 (60.76) 88 (72.73)

 CDAI ⩾ 450, n (%) 38 (13.62) 26 (16.46) 12 (9.92)

SES-CD, median (IQR) 11 (6.00–18.00) 11 (6.25–19.00) 10 (6.00–17.00)

 4 ⩽ SES-CD < 7, n (%) 71 (25.45) 40 (25.32) 31 (25.62)

 7 ⩽ SES-CD < 15, n (%) 113 (40.50) 62 (39.24) 51 (42.15)

 SES-CD ⩾ 15, n (%) 95 (34.05) 56 (35.44) 39 (32.23)

Locationa

 L1, n (%) 77 (27.60) 49 (31.01) 28 (23.14)

 L2, n (%) 69 (24.73) 34 (21.52) 35 (28.93)

 L3, n (%) 133 (47.67) 75 (47.47) 58 (47.93)

(Continued)
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Figure 1. Trough levels of IFX and ADA between responders and non-responders at week 14 post-therapy. 
The trough levels of IFX and ADA were significantly lower among non-responders compared with those in 
responders (p < 0.001; Mann–Whitney U test).
ADA, adalimumab; IFX, infliximab.

Parameter Total IFX ADA

N = 279 N = 158 N = 121

Behaviourb

 B1, n (%) 195 (69.89) 112 (70.89) 83 (68.60)

 B2, n (%) 84 (30.11) 46 (29.11) 38 (31.40)

 B3, n (%) 3 (1.08) 2 (1.27) 1 (0.83)

Perianal fistulas, n (%) 28 (10.04) 17 (10.76) 11 (9.09)

aL1, ileum only; L2, colon only; L3, ileum and colon.
bB1, inflammatory; B2, stricturing; B3, penetrating.
ADA, adalimumab; Alb, albumin; 5-ASA, 5-aminosalicylate; AZA, azathioprine; BMI, body mass index; CDAI, Crohn’s disease activity index; CRP, 
C-reactive protein; ESR, erythrocyte sedimentation rate; IFX, infliximab; IQR, interquartile range; MTX, methotrexate; SES-CD, simple endoscopic 
score for CD; VDZ, vedolizumab.

Table 1. (Continued)

1(A) and (B)]. Moreover, the levels of ADA 
exhibited a modest but significant negative cor-
relation with SES-CD (r = −0.332, p < 0.001), 
CDAI (r = −0.404, p < 0.001), and CRP 
(r = −0.305, p < 0.001) at week 14 post-ADA 
therapy in the development cohort [Figure 2(d)–
(f), Supplementary Figure 1(D)–(F)].

The cutoff values of IFX and ADA trough levels 
and diagnostic performances
Endoscopic non-response was considered the 
primary outcome. Endoscopic response was 

defined as a decrease in SES-CD of >50%.30 
ROC curves were constructed to determine the 
optimal cutoff levels of IFX or ADA to predict 
treatment failure in the development cohort. IFX 
level of 4.80 μg/mL showed the best performance 
in predicting endoscopic non-response [area 
under the curve (AUC) = 0.770, p < 0.001; sensi-
tivity = 81.8%, specificity = 64.3%] [Figure 3(a)], 
with a positive predictive value (PPV) of 74.2% 
and a negative predictive value (NPV) of 73.8% 
(Table 3). Similarly, ADA level ⩽8.80 μg/mL 
appeared the best model in predicting endo-
scopic non-response (AUC = 0.732, p < 0.001; 

https://journals.sagepub.com/home/tag
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Table 2. Univariate analysis of the variables determining endoscopic non-response to IFX and ADA therapy.

Characteristic IFX (n = 158) ADA (n = 121)

Responders 
(n = 70)

Non-
responders 
(n = 88)

OR (95% 
CI)

p Value Responders 
(n = 66)

Non-
responders 
(n = 55)

OR (95% 
CI)

p Value

Male, n (%) 51 (72.86) 61 (69.32) 0.84 
(0.42–1.69)

0.627 48 (72.73) 33 (60.00) 0.56 
(0.26–1.21)

0.140

Age (years), median 
(IQR)

30.50 (23.25–
40.00)

33.50 (28.00–
40.00)

1.02 
(0.99–1.04)

0.293 26.00 (21.00–
39.00)

32.00 (26.00–
50.00)

1.04 
(1.01–1.07)

0.013

BMI, median (IQR) 19.89 (18.38–
22.14)

20.20 (17.65–
22.48)

0.99 
(0.90–1.08)

0.750 20.28 (18.52–
21.61)

20.31 (18.63–
22.71)

1.02 
(0.92–1.13)

0.750

Duration (months), 
median (IQR)

43.00 (14.75–
75.50)

60.00 (26.50–
99.00)

1.01 
(1.00–1.01)

0.114 18.50 (11.00–
37.75)

26.00 (13.50–
65.00)

1.01 
(1.00–1.02)

0.030

Immunosuppressant, 
n (%)

31 (44.29) 48 (54.55) 1.51 
(0.80–2.84)

0.201 14 (21.21) 17 (30.91) 1.66 
(0.73–3.78)

0.226

Clinical factors

  Trough level (μg/
mL), median (IQR)

6.35 (3.80–8.58) 3.20 (1.90–4.53) 0.71 
(0.62–0.82)

0.001 11.07 (6.65–
13.80)

5.40 (3.30–9.60) 0.84 
(0.77–0.92)

0.001

 Antibody, n (%) 9 (12.86) 21 (23.86) 2.12 
(0.90–4.99)

0.084 10 (15.15) 15 (27.27) 2.10 
(0.86–5.15)

0.105

 CDAI, median (IQR) 138.61 (118.18–
160.83)

199.67 (173.30–
242.65)

1.04 
(1.03–1.05)

0.001 137.90 (115.21–
151.37)

196.22 (172.16–
224.85)

1.09 
(1.06–1.13)

0.001

  SES-CD, median 
(IQR)

3.00 (0.25–6.00) 9.00 (5.00–
14.00)

1.25 
(1.14–1.37)

0.001 3.00 (0.00–5.00) 7.00 (5.00–
11.50)

1.47 
(1.27–1.70)

0.001

  CRP (mg/L), median 
(IQR)

3.13 (2.91–5.08) 7.23 (5.01–
16.15)

1.09 
(1.03–1.15)

0.001 2.98 (0.71–3.34) 7.84 (3.31–
19.58)

1.07 
(1.03–1.12)

0.002

  ESR (mm/h), median 
(IQR)

9.00 (5.00–
17.00)

15.50 (10.75–
25.00)

1.05 
(1.01–1.09)

0.016 10.00 (5.00–
15.00)

25.50 (11.00–
38.75)

1.06 
(1.03–1.10)

0.001

  Alb (g/L), median 
(IQR)

44.05 (41.83–
47.55)

39.55 (36.65–
42.00)

0.78 
(0.71–0.85)

0.001 43.65 (39.10–
46.38)

38.00 (33.75–
40.10)

0.83 
(0.76–0.90)

0.001

  Platelet (×109/L), 
median (IQR)

223.50 (192.25–
264.50)

250.50 (201.00–
304.50)

1.01 
(1.00–1.01)

0.009 236.00 (204.00–
274.50)

274.00 (240.00–
344.00)

1.01 
(1.00–1.01)

0.003

ADA, adalimumab; BMI, body mass index; CDAI, Crohn’s disease activity index; CI, confidence interval; CRP, C-reactive protein; ESR, erythrocyte 
sedimentation rate; IFX, infliximab; IQR, interquartile range; OR, odds ratio; Plt, platelet; SES-CD, simple endoscopic score for CD.

sensitivity 72.7%, specificity 65.2%) [Figure 
3(b) and Table 3], with a PPV of 63.5% and 
NPV of 74.1% (Table 3).

Multivariate outcome analysis
Multivariate analysis was performed to investi-
gate the clinical factors in predicting endoscopic 
non-response using multivariate logistic regres-
sion in the development cohort. The variables 

were selected by comprehensively considering the 
results of the univariate analysis and clinical sig-
nificance. Multivariate logistic regression analysis 
demonstrated that IFX level (OR 0.81, 95% CI 
0.70–0.93, p = 0.002), CRP (OR 1.08, 95%  
CI 1.02–1.14, p = 0.014), and Alb (OR 0.81, 95% 
CI 0.72–0.90, p < 0.001) were potent predictors 
of endoscopic non-response to IFX therapy 
(Table 4). In addition, ADA level (OR 0.90, 95% 
CI 0.81–0.99, p = 0.030) and Alb value (OR 0.88, 

https://journals.sagepub.com/home/tag


Volume 17

8 journals.sagepub.com/home/tag

TherapeuTic advances in 
Gastroenterology

Figure 2. Correlations among anti-TNF trough levels and CDAI, SES-CD, and serum CRP. (a–c) Correlations 
among IFX trough levels and CDAI (a), SES-CD (b), and CRP (c), respectively. (d–f) Correlations among ADA 
trough levels and CDAI (d), SES-CD (e), and CRP (f), respectively (Spearman’s correlation coefficient).
ADA, adalimumab; CDAI, Crohn’s disease activity index; CRP, C-reactive protein; IFX, infliximab; SES-CD, simple endoscopic 
score for Crohn’s disease; TNF, tumor necrosis factor.

Figure 3. ROC curves of the trough levels of IFX and ADA in predicting the endoscopic non-response of the 
patients with CD at week 14 post-therapy. (a) The AUC of the trough levels of IFX (AUC = 0.770). (b) The AUC of 
the trough levels of ADA (AUC = 0.732).
ADA, adalimumab; AUC, area under the curve; CD, Crohn’s disease; IFX, infliximab; ROC, receiver operating characteristic.

Table 3. The final performances of trough levels of IFX and ADA for diagnosis of CD.

Final SES-CD 
results

IFXa ADAb

Positive result Negative result Positive result Negative result

Non-response 72 16 40 15

Response 25 45 23 43

The endoscopic response was defined as that SES-CD score decreases by >50% compared with the baseline.
aSensitivity, 0.818 (95% CI: 0.738–0.899); specificity, 0.643 (95% CI: 0.531–0.755).
bSensitivity, 0.727 (95% CI: 0.590–0.839); specificity, 0.652 (95% CI: 0.524–0.765).
ADA, adalimumab; CD, Crohn’s disease; CI, confidence interval; IFX, infliximab; SES-CD, simple endoscopic score for CD.
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Table 4. Multivariate analysis of the variables associated with endoscopic response to IFX and ADA induction.

Variable IFX ADA

OR (95% CI) p Value OR (95% CI) p Value

Trough level (μg/mL) 0.81 (0.70–0.93) 0.002 0.90 (0.81–0.99) 0.030

CRP (mg/L) 1.08 (1.02–1.14) 0.014 1.05 (1.00–1.10) 0.055

Alb (g/L) 0.81 (0.72–0.90) 0.001 0.88 (0.80–0.97) 0.010

Age (years) 1.00 (0.96–1.04) 0.906 1.02 (0.98–1.06) 0.282

BMI 1.02 (0.90–1.15) 0.733 1.04 (0.91–1.18) 0.561

Duration (months) 1.00 (0.99–1.01) 0.911 1.01 (1.00–1.02) 0.247

Concomitant immunosuppressant therapy 0.95 (0.39–2.35) 0.920 1.17 (0.40–3.43) 0.774

ADA, adalimumab; Alb, Albumin; BMI, body mass index; CI, confidence interval; CRP, C-reactive protein; IFX, infliximab; 
OR, odds ratio.

95% CI 0.80–0.97, p = 0.010) were observed to 
be associated with endoscopic non-response to 
ADA treatment (Table 4).

Development and validation of nomogram 
prediction models
We subsequently developed a final prediction 
model based on the results of the multivariate 
logistic regression analysis, which consisted of 
CRP, Alb, and anti-TNF levels at week 14 in the 
development cohort. A prognostic nomogram 
that integrated these three important variables 
was created to calculate the risk probability of 
endoscopic non-response to anti-TNF treatment 
in patients with active CD (Figure 4). The nom-
ogram was calculated using one scale corre-
sponding to each clinical variable: a score scale, 
total score scale of each variable, and probability 
scale. The final probability of endoscopic 
response was calculated by adding the scores for 
all variables. ROC curves were established to 
evaluate the predictive ability of the nomogram 
in the development and external validation 
groups, respectively. ROC analysis indicated that 
an AUC of IFX and ADA was 0.874 (95% CI, 
0.812–0.921) and 0.828 (95% CI, 0.748–0.890), 
respectively, in the development model 
[Supplementary Figure 2(A) and (B)], while an 
AUC of IFX and ADA was 0.816 (95% CI, 
0.812–0.921) and 0.817 (95% CI, 0.748–0.890), 
respectively, in the external validation cohort 
[Figure 5(a) and (b)]. The calibration plots dem-
onstrated that the development model had 

average errors of 0.048 and 0.040 for IFX and 
ADA, respectively [Supplementary Figure 2(C) 
and (D)], while the external validation cohort 
showed errors of 0.037 and 0.031, respectively 
[Figure 5(c) and (d)]. These results indicate no 
significant difference (p > 0.05) between the 
model’s calculated probability and endoscopic 
non-response based on the data. Comparisons 
between the nomogram and three independent 
factors indicated that the nomogram had excel-
lent predictive value and discrimination in both 
the development (Supplementary Table 2) and 
external validation cohorts (Table 5).

Discussion
In the present study, we described a robust asso-
ciation of the trough levels of IFX and ADA, Alb, 
and CRP with endoscopic response in active CD 
patients receiving treatment with anti-TNF 
mAbs. Accordingly, we constructed a novel nom-
ogram based on anti-TNF serum trough levels, 
Alb, and CRP to predict the LOR when initiating 
anti-TNF therapy. The performance of the nom-
ogram prediction model was demonstrated by 
ROC analysis and calibration curve in both devel-
opment and validation cohorts. Clinical and 
endoscopic responses were more likely to occur in 
patients with CD with high trough levels of IFX 
and ADA, high concentrations of Alb levels, and 
low levels of CRP. Overall, our findings revealed 
an association between the concentrations of IFX 
and ADA and early endoscopic response in active 
CD. More importantly, this novel nomogram 
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Figure 4. Nomogram based on anti-TNF trough levels, CRP and Alb predicts the risk of endoscopic non-
response at week 14. (a) Nomogram for CD patients treated with IFX. (b) Nomogram for CD patients treated 
with ADA. For example, a 25-year-old male CD patient treated with IFX for 14 weeks; the laboratory findings 
were as follows: IFX trough levels 1.4 μg/mL, CRP 44.82 mg/L, and Alb 35 g/L. By adopting IFX nomogram to 
this case, a total of 178.8 points (IFX trough level 71.3 points, CRP 45 points, and Alb 62.5 points) was calculated, 
indicating that the probability of endoscopic non-response was above 90%.
ADA, adalimumab; Alb, albumin; CD, Crohn’s disease; CRP, C-reactive protein; IFX, infliximab; TNF, tumor necrosis factor.

enables us to optimize individual treatment strat-
egies and promote clinical response in patients 
with active CD.

Recent years, several lines of evidence have evalu-
ated an association of early induction of IFX with 
clinical outcome, while most studies included a 
limited number of patients and focused on main-
tenance therapy. The cut-offs for IFX levels over 
an early induction period and observation end-
points for clinical response to IFX induction have 
not been well defined.9,18,24,25,27,33,34 Therefore, 
the primary aim of this study was to evaluate the 
short-term effects of anti-TNF therapy on the 
induction of endoscopic response in active CD. 
In our study, we found that both IFX and ADA 
levels were higher in primary responders than 
those in non-responders at week 14 post-therapy. 
Furthermore, the serum levels of IFX or ADA 
differed according to the disease activity status, 

which was consistent with previous reports.35,36 
Previously, Ward et al.35 identified target thresh-
olds for IFX of 1.5, 3.4, and 5.7 μg/mL that were 
in accordance with clinical and biochemical 
remission and calprotectin normalization, respec-
tively. However, they found no relationship 
between ADA levels and any of the indices of dis-
ease activity.35 Nevertheless, other reports have 
shown that ADA target thresholds of 7.1 μg/mL 
have the optimal value to predict mucosal heal-
ing.36 It should be pointed out that both studies 
mentioned above focused on anti-TNF mainte-
nance therapy for IBD patients. In our study, we 
identified target thresholds for IFX (4.80 μg/mL) 
and ADA (8.80 μg/mL), which were significantly 
associated with the endoscopic response over an 
induction period. Concerning the variant concen-
trations of IFX or ADA in predicting the clinical 
outcome during therapy, different bioavailability, 
pharmacokinetics, and administration methods 
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Figure 5. External validation of nomogram prediction models. (a) ROC curves of the IFX nomogram. (b) ROC 
curves of the ADA nomogram. Calibration plots of the nomogram of IFX (c) and ADA (d).
ADA, adalimumab; AUC, area under the curve; IFX, infliximab; ROC, receiver operating characteristic.

Table 5. The predictive ability of validation cohorts of 
IFX and ADA.

Variable IFX ADA

AUC 0.816 0.817

p Value <0.001 <0.001

95% CI 0.713–0.894 0.694–0.906

SE 0.769 0.760

SP 0.825 0.788

PPV 0.811 0.731

NPV 0.786 0.812

ADA, adalimumab; AUC, area under the curve; CI, 
confidence interval; IFX, infliximab; NPV, negative predict 
value; PPV, positive predict value; SE, sensitivity; SP, 
specificity.

may be all associated with a change in the levels of 
IFX and ADA. The timing of drug level measure-
ment is also not consistent in ADA and IFX. 
Patients receiving IFX always have trough levels 
measured, while the drug levels of ADA appear to 
be relatively stable across fortnightly treatment 
cycles. Thus, the above factors may cause a differ-
ent biological threshold for IFX and ADA.

Currently, predictions of the primary outcome of 
anti-TNF therapy are mostly based on endos-
copy, radiography, and laboratory examination 
monitoring, and few studies have focused on the 
scoring system to determine patients’ risk of 
LOR. In this study, we constructed a nomogram 
based on a combination of parameters (serum 
concentrations of IFX, ADA, Alb, and CRP) to 
predict an early endoscopic response to anti-TNF 
therapy. The nomogram showed an excellent 
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prediction with good calibration and was also 
well-performed using a ROC analysis. The nom-
ogram analysis indicated that lower concentra-
tions of IFX, ADA, and Alb as well as higher 
levels of CRP were linked to a greater risk of pri-
mary endoscopic non-response to anti-TNF ther-
apy. For the training and external validation 
groups of this nomogram, 10-fold cross-valida-
tion was employed, which showed good stability. 
Both CRP and Alb levels showed significant sta-
tistical differences in the univariate and multivari-
ate analyses. Previous studies have indicated that 
Alb level is associated with serum IFX levels, pos-
sibly contributing to its predictive power for good 
response to IFX.37 There were also studies dem-
onstrating that CRP, nutritional status, and a 
combination of parameters (Alb, CRP, and 
endoscopy) could serve as predictive indicators 
for clinical outcomes in patients with IBD.33,38,39 
Therefore, the aforementioned studies demon-
strated the importance of CRP and Alb levels in 
assessing the disease severity of IBD. Few studies 
have investigated the significance of serum levels 
of IFX and anti-IFX antibody (ATI) in predicting 
the clinical outcomes for patients with IBD. Bar-
Yoseph et al. took advantage of the serum levels 
of IFX and ATI to predict the primary non-
response in patients with active CD. The AUC of 
the IFX ROC curve at weeks 2 and 6 and the ATI 
ROC curve at week 6 were 0.68, 0.78, and 0.78, 
respectively.27 In our study, the AUC of the nom-
ogram prediction model for IFX treatment was 
0.87 and 0.816 in the development and external 
validation groups, respectively, which was signifi-
cantly higher than that of IFX or ATI concentra-
tions alone. Additionally, Baert et al.40 utilized 
the ADA concentration in UC patients at week 4 
to predict the clinical response at week 12 with a 
sensitivity of 80%, specificity of 56%, PPV of 
85%, and NPV of 47%. In our study, the AUC of 
the nomogram predicting the primary non-
response to ADA at week 14 was 0.83, with a sen-
sitivity of 82%, specificity of 76%, PPV of 74%, 
and NPV of 83% in the development cohort. The 
predictive value of ADA was significantly higher 
than that of ADA alone. The same results were 
also observed in the external validation cohort. 
Therefore, we suppose that our TDM-based 
nomogram may offer a more precise prediction of 
early endoscopic response in patients with active 
CD treated with anti-TNF mAbs as compared to 
other parameters such as TDM or biochemical 
biomarker alone.

The present study has several limitations. First, 
although the relationships between the serum 
concentrations of IFX and ADA, Alb, CRP, and 
the efficacy outcomes are both robust and con-
sistent, these data are retrospective and may have 
been influenced by other factors in addition to 
both clinical outcomes and drug concentrations. 
Furthermore, as a retrospective study, the grad-
ing of SES-CD was based solely on previous colo-
noscopy images in the developmental cohort. 
Third, only 416 patients were included in this 
study, including 237 for IFX and 179 for ADA, 
and more prospective cohort multicenter studies 
are needed to further explore the predictive value 
of the TDM-based nomogram.

In summary, this study has established a strong 
association between serum concentrations of IFX 
and ADA, Alb, CRP, and primary clinical out-
comes in CD patients. Importantly, we estab-
lished a TDM-based nomogram showing an 
excellent predictive value with remarkable accu-
racy and discrimination. The nomogram algo-
rithm may enable clinicians to better understand 
the underlying mechanisms by which an individ-
ual patient fails to achieve the expected efficacy, 
which is important for optimizing therapy options 
and switching biologics in refractory CD.
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