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Abstract

BACKGROUND

The efficacy and safety of anti-tumor necrosis factor-o (TNF-a) monoclonal
antibody therapy [adalimumab (ADA) and infliximab (IFX)] with therapeutic
drug monitoring (TDM), which has been proposed for inflammatory bowel
disease (IBD) patients, are still controversial.

AIM

To determine the efficacy and safety of anti-TNF-o monoclonal antibody therapy
with proactive TDM in patients with IBD and to determine which subtype of IBD
patients is most suitable for proactive TDM interventions.

METHODS

As of July 2023, we searched for randomized controlled trials (RCTs) and observa-
tional studies in PubMed, Embase, and the Cochrane Library to compare anti-
TNF-a monoclonal antibody therapy with proactive TDM with therapy with
reactive TDM or empiric therapy. Pairwise and network meta-analyses were used
to determine the IBD patient subtype that achieved clinical remission and to
determine the need for surgery.

RESULTS

This systematic review and meta-analysis yielded 13 studies after exclusion, and
the baseline indicators were balanced. We found a significant increase in the
number of patients who achieved clinical remission in the ADA [odds ratio (OR) =
1.416, 95% confidence interval (CI): 1.196-1.676] and RCT (OR = 1.393, 95%Cl:
1.182-1.641) subgroups and a significant decrease in the number of patients who

Buissidenge  VVIGS | https://www.wijgnet.com 571 February 27,2024 | Volume16 | Issue2 |


https://www.f6publishing.com
https://dx.doi.org/10.4240/wjgs.v16.i2.571
mailto:zhaoqingchun1967@163.com

Zheng FY et al. Anti-TNF-a drug monitoring in IBD patients

needed surgery in the proactive vs reactive (OR = 0.237, 95%ClI: 0.101-0.558) and IFX + ADA (OR = 0.137, 95%CI:
0.032-0.588) subgroups, and the overall risk of adverse events was reduced (OR = 0.579, 95%CI: 0.391-0.858)
according to the pairwise meta-analysis. Moreover, the network meta-analysis results suggested that patients with
IBD treated with ADA (OR = 1.39, 95%CI: 1.19-1.63) were more likely to undergo TDM, especially in comparison
with patients with reactive TDM (OR = 1.38, 95%CI: 1.07-1.77).

CONCLUSION
Proactive TDM is more suitable for IBD patients treated with ADA and has obvious advantages over reactive TDM.
We recommend proactive TDM in IBD patients who are treated with ADA.

Key Words: Inflammatory bowel disease; Therapeutic drug monitoring; Adalimumab; Infliximab; Network meta-analysis

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The efficacy and safety of anti-tumor necrosis factor-a monoclonal antibody therapy [adalimumab (ADA) and
infliximab] with therapeutic drug monitoring (TDM), which has been proposed for inflammatory bowel disease (IBD)
patients, are still controversial. In this study, we found that proactive TDM was more suitable for IBD patients treated with
ADA and had obvious advantages over reactive TDM.
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INTRODUCTION

The introduction of biologics has played a central role in stimulating the development of the “targeted therapy”
paradigm, which is now the basis for treating inflammatory bowel disease (IBD) patients and facilitating their clinical
remission. Anti-tumor necrosis factor-o (TNF-a) monoclonal antibodies are still the classic treatment option and are
widely used as biologic agents, and they include infliximab (IFX), adalimumab (ADA), etanercept, etc[1-3]. However,
13%-40% of patients are primarily nonresponsive to anti-TNF-o monoclonal antibody therapy, and another 23%-46% of
patients have secondary response loss over time[4]. To avoid acquired insensitivity, therapeutic drug monitoring (TDM)
of anti-TNF-o monoclonal antibody therapy has been proposed for patients, which involves measuring serum agent
concentrations (usually trough values) and anti-drug antibody concentrations as a potential strategy for optimizing anti-
TNF-a therapy.

TDM can also be applied in IBD patients with stable disease to maintain trough concentrations within a known
therapeutic window to ensure a complete response, which is called proactive TDM[5,6]. Proactive TDM may have better
therapeutic value than reactive TDM and empiric therapy; however, this topic is still controversial[7]. Two clinical
practice guidelines have recently been published on this issue, and both support the application of reactive TDM, but
their recommendations for proactive TDM differ[8,9]. Additional evidence is needed to resolve these discrepancies. While
previous studies followed rigorous guidelines[10], they did not consider endpoints such as anti-TNF-a monoclonal
antibody development and anti-TNF therapy discontinuation or the comparison of proactive vs reactive TDM.

Therefore, the purpose of this systematic review and network meta-analysis was to determine the efficacy and safety of
anti-TNF-o monoclonal antibody therapy with proactive TDM in patients with IBD and to determine which subtype of
IBD patients is most suitable for proactive TDM interventions.

MATERIALS AND METHODS

The current study was performed in accordance with the guidelines established by the Cochrane Collaboration[11] and
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement[12]. The study was
registered on the PROSPERO website under registration No. CRD42023451642[13].

Data sources and searches

The following databases were searched for relevant literature with ulcerative colitis (UC), anti-TNF therapy, and TDM as
the subject and text terms: PubMed, Embase, and The Cochrane Center Register of Controlled Trial. There were no
publication or language restrictions. Taking the PubMed database as an example, the following search terms were used:
[“Colitis, Ulcerative” (Mesh)] OR [Idiopathic Proctocolitis (Title/ Abstract)] OR [Ulcerative Colitis (Title/ Abstract)] OR
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[Colitis Gravis (Title/ Abstract)] OR [Inflammatory Bowel Disease, Ulcerative Colitis Type (Title/ Abstract)]. Obviously
irrelevant studies were excluded based on their titles and abstracts. Two authors (Zheng FY and Yang KS) independently
screened the full texts for incorporation. Disagreements and disputes were resolved by discussion with a third ex-
perienced researcher (Zhang YS or Zhao QC) as needed until a consensus was reached.

Study selection and outcomes

Studies that included adult patients with IBD who received anti-TNF-a monoclonal antibody therapy with proactive
TDM as the intervention group and patients who received both empiric therapy and reactive TDM as the maintenance
management group were included. Both randomized controlled trials (RCTs) and observational studies were included,
and whether the anti-TNF-o monoclonal antibody was IFX or ADA was recorded. Studies including only IBD patients
were excluded, as were pharmacokinetic studies. One-arm therapy studies, studies with no useful data (no quantitative
data for meta-analysis), and studies with child subjects were also excluded. The preset efficacy outcomes were clinical
remission, the need for surgery, treatment discontinuation, endoscopic remission, clinical relapse, and the presence of
anti-drug antibodies; the safety outcomes included adverse events, acute infusion reactions, and delayed hypersensitivity.

Data extraction and risk of bias assessment

Two investigators selected the studies and extracted the data independently, and any differences between the two invest-
igators was resolved by discussion with a third researcher. Baseline characteristic information of the included studies was
recorded in self-designed original data sheets. Two authors independently assessed risk of bias in RCTs using the
Cochrane risk of bias tool[14] and nonrandomized studies using the Newcastle Ottawa scale (NOS)[15]. RCTs were
considered by Cochrane risk of bias tool, and as long as there was not too much red (high risk) acquired, the study can be
included. Nonrandomized studies were considered by NOS score and those scored over 4 were acceptable. In all cases,
discrepancies were resolved with a third reviewer as needed until a consensus was reached.

Data synthesis
Although our sample size was relatively small, we hoped to conduct a relatively complete network meta-analysis, and
outcomes with one more study reported were included in our network meta-analysis. We used a random-effects model to
avoid heterogeneity. Pooled estimates were indicated as odds ratios (ORs) for dichotomous outcomes and as
standardized mean differences for continuous outcomes, with their 95% confidence intervals (Cls). Heterogeneity among
included studies was assessed using the y* test, with significance defined as P < 0.05 and the I* statistic = 50%[16]. We
planned subgroup analyses based on different types of disease [IBD, UC, or Crohn’s disease (CD)], study type (RCT or
observational), comparison (proactive vs empiric or proactive vs reactive), and anti-TNF-o monoclonal antibody type (IFX
or ADA). Furthermore, meta-regression P < 0.05 was used to determine whether a specific factor was the source of hetero-
geneity[17]. Furthermore, we performed Begg’s and Egger’s tests to assess publication bias for available comparisons, and
P < 0.05 indicated the presence of publication bias. We also used the Grading of Recommendations Assessment,
Development, and Evaluation (GRADE) scale[18] to evaluate the quality of the outcomes from pairwise meta-analysis.
For network meta-analysis, we estimated a random-effects model to prevent inconsistencies; similarly, OR with corres-
ponding 95%CI was also used to confirm the significance of the network meta-analysis results. Inconsistency between
indirect sources of evidence was statistically assessed using a global (design-by-treatment inconsistency model) and a
local method (back calculation)[19,20]. We estimated the mean rank and relative treatment rankings for each intervention
node according to surface under the cumulative ranking curve (SUCRA) values and produced rank plots for the results of
the clinical remission, need of surgery, and adverse events. SUCRA values ranges from 0%-100%; for example, a higher
SUCRA value indicates a better clinical response rate in patients receiving therapy with proactive TDM. Furthermore, we
produced comparison-adjusted funnel plots to explore publication bias for the network meta-analysis outcomes. All
analyses were performed using RevMan version 5.3 and Stata/SE version 15.1.

RESULTS

Search results and risk of bias assessment

For this work, after a literature search of the three electronic databases and the removal of duplicates, 1013 publications
were screened by checking titles and abstracts. After excluding the studies that could not be included, 852 publications
were removed, and 161 articles were assessed for eligibility. After a detailed review of the full-text literature, a total of 13
original studies[21-33] were included (Figure 1), with 2328 patients assigned to the proactive TDM group and 2213
assigned to the maintenance management group.

The summary baseline characteristics, including disease type, study type, comparison, and anti-TNF-a monoclonal
antibody type, were recorded (Table 1; Supplementary Table 1). The baseline indicators included male sex (%), CD (%),
age, baseline remission (%), active smoker status (%), duration of disease, prior surgery (%), and C-reactive protein
concentration, and they were balanced. All the studies that we included had acceptable quality results in the assessment
of risk of bias (Supplementary Table 2, Supplementary Figure 1).

Pairwise meta-analysis outcomes of anti-TNF-a monoclonal antibody therapy with proactive TDM vs conventional

management in IBD patients
We used clinical remission, the need for surgery, treatment discontinuation, endoscopic remission, clinical relapse, and
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Table 1 Summary baseline characteristics

Disease type Study type Comparison Anti-TNF-a monoclonal antibody type Ref.
IBD RCT Proactive vs empiric IFX Vande Casteele et al[21]
Observational study Proactive vs empiric IFX Sanchez-Hernandez et al[22]
Lee et al[25]
Guidi et al[29]
Kelly et al[30]
Bossuyt et al[31]
IFX + ADA Ponte et al[23]
ADA Papamichael et al[28]
Capoulas et al[27]
Proactive vs reactive ADA Papamichael et al[26]
IFX Papamichael et al[28]
UC only Observational study Proactive vs empiric IFX Fernandes et al[24]
RCT Proactive vs empiric ADA Panés et al[33]
CD only Observational study Proactive vs empiric IFX Fernandes et al[24]
RCT Proactive vs reactive ADA D'Haens et al[32]
RCT Proactive vs empiric ADA Panés et al[33]
Baseline indicator OR'/SMD* (95%CI) PP Balanced or not
Male sex, 1 (%) 1.106 (0.936, 1.307)" 0.283,16.9 Yes
CD, n (%) 1.114 (0.872, 1,422)' 0.299, 16.6 Yes
Age, yr, median (%) -0.042 (-0.432, 0.348)” 0.000, 96.2° Yes
Baseline remission, 1 (%) 1.263 (0.780, 2.046)" 0.406, 0.0 Yes
Active smoker, 11 (%) 0.974 (0.633, 1.499)I 0.141, 45.1 Yes
Duration of disease, y, median (%) -0.034 (-0.216, 0.148)” 0.003, 72.3° Yes
Prior surgery, n (%) 1.075 (0.690, 1.675)" 0.923,0.0 Yes
CRP concentration (mg/L) (%) 0.463 (-0.171, 1.097)’ 0.000, 98.2° Yes

10dds ratio.

%Standardized mean difference.

3Substantial heterogeneity.

TNF-a: Tumor necrosis factor-a; ADA: Adalimumab; CD: Crohn's disease; RCT: Randomized controlled trial; IBD: Inflammatory bowel disease; IFX:
Infliximab; UC: Ulcerative colitis.

the presence of anti-drug antibodies as indicators of efficacy outcomes. Ten studies[21,23,24,29-33] reported data about
clinical remission, and no significant difference was found (OR = 1.281, 95%CI: 0.972-1.688), with substantial hetero-
geneity (P = 0.002, I* = 65.9%). According to our subgroup analysis of clinical remission, significant differences were
detected in UC patients from the disease type group (OR = 1.563, 95%CI: 1.063-2.298; P = 0.058, I* = 64.8%), RCT group
(OR =1.393, 95%CI: 1.182-1.641; P = 0.771, I* = 0.0%), and ADA group (OR = 1.416, 95%CI: 1.196-1.676; P = 0.793, I* =
0.0%), which favored the proactive TDM group. Moreover, meta-regression revealed that differences in disease type
might be the main cause of the clinical heterogeneity (P = 0.028). Furthermore, publication bias was detected in the overall
outcome and IBD subgroups, with low to high GRADE scores among the overall outcomes (Table 2).

For the need for surgery outcome[22-26,28,30], which was summarized only for observational studies, significant
differences were found among the IBD (OR = 0.354, 95%CI: 0.155-0.804), proactive vs reactive (OR = 0.237, 95%CI: 0.101-
0.558), and IFX + ADA (OR = 0.137, 95%CI: 0.032-0.588) subgroups. For treatment discontinuation[24,25,27,28,30,31]
according to observational studies, the overall OR was 0.395 (95%CI: 0.130 to 1.205), with no significant difference found
in the subgroup analysis. Moreover, significant differences in endoscopic remission[30,32,33] (OR = 1.435, 95%CI: 1.089-
1.890) and clinical relapse[21,23] outcomes (OR = 0.513, 95%CI: 0.294-0.895) that favored proactive TDM were found,
while no significant difference in the presence of anti-drug antibodies[21,30] was found. There was low to substantial
heterogeneity, a low risk of publication bias, and low to high GRADE scores among the above outcomes (Table 2).
Overall, the efficacy of proactive TDM was better than that of conventional management.
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Table 2 Sub-analyzed outcomes of proactive therapeutic drug monitoring vs conventional management in inflammatory bowel disease

P value from .
Study OR P, P Publication bias
Outcome type Subgroup type (n) (95%Cl)  (heterogeneity) meta- (Begg's, Egger's) Grade
o .
genety. regression 995 09
Efficacy  Clinical remission Total (%) 10 1.281 0.002, 65.9> 0.194, 0.000" Moderate
outcome 0,972,
1.688)
Disease type
IBD (%) 5 0.887 0.390, 2.8 0.028° 0.050, 0.090* Moderate
(0.671,
1.174)
UC (%) 3 1.563 0.058, 64.8 0.602, 0.112 Low
(1.063,
2.298)!
CD (%) 2 2412 0.032, 78.1> 0.317, - Low
(0.889,
6.544)
Study type
RCT 4 1.393 0.771, 0.0 0.861 0.497, 0.467 High
(1.182,
1.641)"
Observational 6 1.305 0.000, 78.8 0.851, 0.376 Moderate
(%) (0.691,
2.464)
Comparison
Proactive vs 8 1.330 0.003, 68.2° 0.746 0.805, 0.755 Moderate
empiric (%) (0.959,
1.843)
Proactive vs 2 1.074 0.036, 77.2> 0.317, - Low
reactive (%) (0.461,
2.501)
Monoclonal type
IFX (%) 6 1.368 0.000, 77.7* 0.954 0.851, 0.390 Moderate
(0.724,
2.585)
ADA (%) 3 1.416 0.793, 0.0 0.602, 0.404 Low
(1.196,
1.676)"
Need of surgery (all Total (%) 9 0.525 0.001, 71.3
observational) (0.243,
1.130)
Disease type
IBD (%) 7 0.354 0.007, 66.0 0.140 0.548, 0.556 Moderate
(0.155,
0.804)"
Comparison
Proactive vs 7 0.694 0.002, 72.1% 0.353 0.293,0.993 Moderate
empiric (%) (0.282,
1.707)
Proactive vs 2 0.237 0.302, 6.2 0.317, - Low
reactive (%) (0.101,
0.558)’
Monoclonal type
IFX (%) 6 0.571 0.001, 75.3> 0.672 0.851, 0.841 Moderate
(0.233,
1.402)
IFX + ADA (%) 2 0.137 0.563, 0.0 0.317, - Low
(0.032,

aﬁs@’ WIGS | https://www.wjgnet.com 575 February 27,2024 | Volume16 | Issue2 |



Zheng FY et al. Anti-TNF-a drug monitoring in IBD patients

Treatment discon- Total (%)

tinuation (all observa-

tional)
Disease type
IBD
Comparison

Proactive vs
empiric (%)

Proactive vs
reactive (%)

Monoclonal type

IEX (%)

ADA (%)

Endoscopic remission Total (%)

Clinical relapse Total (%)

Anti-drug antibodies Total (%)

Safety Adverse events Total (%)

Disease type

IBD (%)

UC (%)

CD (%)

Study type

RCT (%)

Observational

(%)
Comparison
Proactive vs

empiric (%)

Proactive vs
reactive (%)

Monoclonal type
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0.588)"

0395
(0130,
1.205)

0377
(0.078,
1.831)

0.494
(019,
1.248)

0394
(0.018,
8.742)

0.494
(0142,
1.715)

0125
(0.015,
1.027)

1.435
(1.089,
1.890)'

0.513
(0.294,
0.895)’

0.234
(0116,
0.474)

0.579
(0.391,
0.858)"

0.301
(0.157,
0.576)"

0.987
(0817,
1.193)

0427
(0107,
1.711)

0951
(0.804,
1.124)

0.246
(0.146,
0.413)"

0577
(0.346,
0.964)'

0.464
(0175,
1.235)

0.000, 85.7*

0.000, 90.0°

0.046, 58.8”

0.000, 94.9°

0.000, 90.0°

0.808, 0.0

0.169, 40.4

0.294,9.2

0.703, 0.0

0.001, 67.2°

0.649, 0.0

0.732,0.0

0.002, 89.4°

0.839, 0.0

0.698, 0.0

0.002, 72.0

0.084, 59.7

0.812, 0.677

0.793 0.806, 0.998

0.412 0.462,0.045

0.317, -

0.938 0.624, 0.705

0.317, -

0.089, 0.093

1.000, -

0.317, -

0.586, 0.377

0.040° 0.348, 0.427

0.317, -

0.317, -

0.011° 0.174, 0.753

0.348, 0.477

0.872 0.453, 0.113

0.602, 0.253
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IFX (%) 5 0.264 0.428, 0.0 0.021° 0142, 0.108 High
(0153,
0.455)

ADA (%) 5 0923 0.323,14.3 0.050, 0.008" High
(0.760,
1.120)

Acute infusion reactions Total (%) 4 0.572 0.163,41.4 0.308, 0.168 Moderate
(0.235,
1.390)

Delayed hypersens- Total (%) 2 0.719 0.079, 67.7 1.000, - Moderate
itivity (0.017,
29.584)

ISignicicant differences.

“Substantial heterogeneity.

3Source of heterogeneity.

*Existence of publication bias.

ADA: Adalimumab; CD: Crohn's disease; RCT: Randomized controlled trial; IBD: Inflammatory bowel disease; TDM: Therapeutic drug monitoring; IFX:
Infliximab; UC: Ulcerative colitis.

‘ 1619 Publications identified through electronic database searching ‘

*{ 606 Excluded as duplicates ‘

‘ 1013 Publications screened by checking title and abstract ‘

852 Publications removed
447 Reviews
149 Biomarker research
202 Case reports
54 New medicine research

161 Full-text articles assessed for eligibility

148 Records removed
60 Reviews and outlook
19 Not only IBD
37 Pharmacokinetics research
15 One-arm therapy
17 No useful data

13 Original studies included in this meta-analysis
4 RCTs, 9 cohort studies

Figure 1 Flow chart of selecting studies for inclusion. RCT: Randomized controlled trial; IBD: Inflammatory bowel disease.

We considered total adverse events, acute infusion reactions, and delayed hypersensitivity as safety outcomes. Ten of
the 13 studies[21,22,24,26,28,32,33] reported original data on adverse events, and we noticed that proactive TDM
intervention could decrease the risk of adverse effects (OR = 0.579, 95%ClI: 0.391-0.858; P = 0.001, I* = 67.2%). Moreover,
significant differences in IBD (OR = 0.301, 95%Cl: 0.157-0.576; P = 0.649, I* = 0.0%), observational studies (OR = 0.246,
95%CI: 0.146-0.413; P = 0.698, I* = 0.0%), and proactive vs empiric (OR = 0.577, 95%CI: 0.346-0.964; P = 0.002, I> = 72.0%)
subgroups were also found. Furthermore, meta-regression revealed that different types of disease, study types, and anti-
TNF-o monoclonal agents were sources of heterogeneity, with P values equal to 0.040, 0.011, and 0.021, respectively.
There was little publication bias or low to high GRADE scores among the above safety outcomes (Table 2).

In conclusion, ADA, a anti-TNF-a monoclonal antibody, is more effective than other agents and does not increase the
risk of adverse events during proactive TDM intervention. However, it is necessary to conduct a follow-up network meta-
analysis on which type of IBD patients are most suitable for proactive TDM intervention.

Network meta-analysis outcomes of anti-TNF-a monoclonal antibody therapy with proactive TDM vs conventional

management in IBD patients
Due to the small sample size, we only used clinical remission, the need for surgery, and adverse events for follow-up
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network meta-analysis to identify the IBD subtype that is most suitable for the proactive TDM intervention. We
constructed a network plot in which there are subgroups for direct comparison, as well as the number of patients studied
(Figure 2). For the clinical remission outcome of the network meta-analysis, the CD group was ranked first (OR = 1.50,
95%ClI: 1.14-1.97) according to the SUCRA score in comparison with the control group. The rest of the groups were
ranked as follows: ADA as anti-TNF-a monoclonal antibody therapy (OR =1.39, 95%CI: 1.19-1.63); UC (OR =1.39, 95%CI:
1.17-1.64); RCT (OR = 1.38, 95%CI: 1.19-1.61); proactive vs reactive (OR = 1.38, 95%CI: 1.07-1.77); proactive vs empiric (OR
=1.35, 95%CI: 1.17-1.57); IFX (OR = 1.31, 95%CI: 1.03-1.66); observational studies (OR = 1.29, 95%CI: 1.02-1.63); IFX +
ADA(1.17, 95%CI: 0.73-1.89) and IBD(1.22, 95%CI: 0.97-1.54) (Figure 3). No significant differences were found in the other
comparisons, and no publication bias was detected from the network funnel plot (Supplementary Figure 2).

When evaluating the need for surgery, we found that ADA, an anti-TNF-a monoclonal agent, ranked first according to
the SUCRA score (OR = 0.21; 95%CI: 0.04-1.29), followed by proactive vs reactive TDM; UC, IBD, IFX; proactive vs empiric
therapy; and IFX + ADA and CD, with no significant differences (Figure 4A). When evaluating adverse effects, compared
with the control group, observational studies ranked first (OR = 0.42, 95%CI: 0.23-0.74), followed by IBD (0.43, 95%CI:
0.20-0.93) and CD (OR = 0.53; 95%CI: 0.29-0.98), proactive vs reactive(OR = 0.53; 95%CI: 0.28-1.01), ADA(OR = 0.55;
95%ClI: 0.28-1.08), IFX (OR = 0.57, 95%CI: 0.36-0.89), proactive vs empiric (OR = 0.57, 95%ClI: 0.36-0.89), RCT (OR = 0.64,
95%CI: 0.41-1.00), and UC(OR = 0.63; 95%CI: 0.38-1.04) (Figure 4B).

Overall, the results did not significantly differ among the subgroups, and to further identify the type of patients most
suitable for proactive TDM interventions, we combined pairwise and network meta-analysis data using cross-hair plots.
The combined outcomes showed that the three subgroups, namely, the CD, ADA, and proactive vs reactive groups, had
better outcomes for clinical remission (Figure 5A) and did not increase the risk of overall adverse effects (Figure 5B).
These outcomes suggest that patients with IBD treated with ADA are more likely to undergo TDM, especially in
comparison with patients treated with reactive TDM. However, in terms of which type of IBD is more suitable (UC or
CD), the outcomes are debatable.

DISCUSSION

This systematic review and network meta-analysis followed the PRISMA guidelines and was registered on the
PROSPERO website. First, we screened 13 original studies, including four RCTs and nine observational studies, involving
a total of 4541 patients with IBD with balanced baseline characteristics (Figure 1, Table 1). Second, from pairwise meta-
analysis, we found that proactive TDM was effective and did not increase the risk of adverse events in the subgroup of
patients treated with ADA (Table 2). Third, the network meta-analysis results suggested that patients with IBD treated
with ADA were more likely to undergo TDM, especially compared to patients who underwent reactive TDM. However,
in terms of which type of IBD is most appropriate (UC or CD), the outcomes are debatable (Figures 2-5). In summary, we
recommend proactive TDM in IBD patients who are treated with ADA.

In patients with IBD, the use of detectable serum trough concentrations of IFX or ADA was superior to the use of
undetectable agents, which was first identified more than a decade ago[34]. Ever since, many studies have revealed
exposure-response relationships between various outcomes and anti-TNF agent concentrations[35]. It seems logical to
infer that implementing routine TDM to maintain the drug concentration within the therapeutic window improves
treatment efficacy[4-6]. Another general consideration is that many TDM assays have long cycles, so anti-TNF dose
decisions are usually based on the trough concentrations infused in previous weeks, such as the TAILORIX trial[36]. New
point-of-care analysis may help to avoid this situation[37]. The timing of the outcome assessment is another significant
factor. Moreover, the proactive optimization of maintenance dosing might prolong the time to loss of response in some
patients[38], and induction trough concentration values were lower in IFX primary nonresponders than in responders
[39]. It remains to be determined whether this represents a causal relationship and, if so, whether the use of TDM during
induction may reduce the primary nonresponse to anti-TNF-o antibodies. The use of multiple immunomodulators in
many patients is also relevant. The SONIC trial confirmed the superiority of IFX combined with azathioprine to IFX
monotherapy[40]. A recent cutting-edge study demonstrated that proactive TDM, which targets higher exposure concen-
trations (> 5 pg/mL), can improve disease remission rates and enhance the durability of anti-TNF biologics. The effective
management of anti-TNF therapies in children with IBD requires evidence-based precision dosing strategies, including
routine TDM and proactive pharmacodynamic assessments[41]. Therefore, TDM may be the most useful measure for
patients receiving monoclonal antibody monotherapy.

There are several limitations to our research. First, only short-term outcomes, such as clinical remission, the need for
surgery, and treatment discontinuation, were used to determine the efficacy of proactive TDM as a standard of
evaluation. Second, a more systematic review of the outcomes, including some long-term results such as discontinuation
and the anti-drug antibody concentration, may be better suited to detect the therapy benefits of proactive TDM. This is
particularly prominent given the underlying limitations of using clinical remission as an outcome measure, especially
given the known incomplete correlation between symptoms and endoscopic activity, especially in patients with IBD.
Furthermore, given the effectiveness of anti-TNF therapy, the benefit of TDM may be difficult to detect by endoscopy,
especially when evaluated in the short term. Third, our study did not incorporate pediatric-specific data. Children
represent a particularly relevant population because of their variability in size, which may not be adequately addressed
by body weight-based doses. Although not the focus of this review, other unknown factors include optimal trough
concentration ranges and upper limit concentrations, beyond which further increases may be useless. Finally, these
thresholds may vary depending on various factors, such as specific outcomes, population (children vs adults, UC vs CD
patients), and treatment stage (induction vs maintenance). The optimal frequency of active TDM also remains to be
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Proactive
Vs empiric

Observational
studies

Proactive
Vs reactive

Figure 2 Network plot of included studies of proactive therapeutic drug monitoring vs conventional management with available direct
comparisons for clinical remission. IFX: Infliximab; ADA: Adalimumab; IFX: Infliximab; CD: Crohn's disease; RCT: Randomized controlled trial; UC: Ulcerative
colitis; IBD: Inflammatory bowel disease.

Control
1.22
(0.97, 1.54) e
1.17 0.96
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1.35 1.11 1.16 1.05 1.03 Proactive vs
(1.17, 1.57)°| (0.88, 1.40) | (0.72, 1.85) | (0.83, 1.33) | (0.76, 1.23) | empiric
1.38 1.13 1.17 1.07 1.05 1.02 Proactive vs
(1.07, 1.77)*| (0.83, 1.54) | (0.69, 2.00) | (0.78, 1.46) | (0.77, 1.44) | (0.78, 1.32) | reactive
1.38 1.13 1.18 1.07 1.05 1.02 1.01 RCT
(1.19, 1.61)*| (0.88, 1.46) | (0.72, 1.92) | (0.83, 1.39) | (0.82, 1.37) | (0.88, 1.19) | (0.77, 1.28)
1.39 1.14 1.18 1.08 1.06 1.02 0.99 1.00 uc
(1.17, 1.64)° | (0.87, 1.48) | (0.72, 1.92) | (0.83, 1.41) | (0.81, 1.39) | (0.87, 1.20) | (0.76, 1.30) | (0.85, 1.17)
1.39 1.14 1.19 1.08 1.06 1.03 1.01 1.00 1.00 ADA
(1.19, 1.63)*| (0.88, 1.47) | (0.72, 1.92) | (0.83, 1.40) | (0.82, 1.38) | (0.88, 1.20) | (0.78, 1.30) | (0.87, 1.17) | (0.85, 1.18)
1.50 1.23 1.28 1.16 1.07 1.11 1.09 1.09 1.08 1.07 o
(1.14, 1.97)?| (0.88, 1.72) | (0.75, 2.17) | (0.83, 1.39) | (0.83, 1.61) | (0.80, 1.47) | (0.80, 1.47) | (0.83, 1.43) | (0.81, 1.45) [ (0.83, 1.41)

Subgroup
[:] interventions [:] OR (35%C1)

Figure 3 League plot of proactive therapeutic drug monitoring vs conventional management efficacy in clinical remission outcome.
aSignificant different. IFX: Infliximab; ADA: Adalimumab; IFX: Infliximab; CD: Crohn's disease; RCT: Randomized controlled trial; UC: Ulcerative colitis; IBD:
Inflammatory bowel disease.

determined, but trough concentration measurements before each infusion are most likely unnecessary.

From our network meta-analysis, we found that proactive TDM had better therapeutic efficacy than reactive TDM,
which is an innovative finding. Additionally, the lines of reactive and proactive TDM can quickly blur in many common
clinical settings. Physicians employing a TDM-based strategy need to take into account the drug concentration with
respect to the inflammatory status of the patient, the underlying pharmacokinetics and pharmacodynamics of the agent,
the risk of immunogenicity, and the therapeutic goals for the patient. Physicians should understand the limits of TDM
and feel comfortable making therapeutic decisions with imperfect information[42-44]. Furthermore, we also found that
ADA may be more suitable for IBD patients who undergo active TDM. Assa et al[45] also performed an RCT including
pediatric patients with CD and found that proactive monitoring of ADA trough concentrations and adjustment of doses
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Figure 4 League plot of proactive therapeutic drug monitoring vs conventional management outcomes. A: Need of surgery; B: Adverse events.
aSignificant different. IFX: Infliximab; ADA: Adalimumab; IFX: Infliximab; CD: Crohn's disease; RCT: Randomized controlled trial; UC: Ulcerative colitis; IBD:
Inflammatory bowel disease.

and intervals resulted in significantly higher rates of corticosteroid-free clinical remission than reactive monitoring. The
above results indicate that ADA is more suitable for TDM. Conversely, whether IFX is more stable and more effective still
needs to be studied.

CONCLUSION

In conclusion, proactive TDM is more suitable for IBD patients treated with ADA and has obvious advantages over
reactive TDM. The available evidence supports the superiority of the proactive TDM strategy in improving clinical
remission rates and suggests that long-term outcomes of proactive TDM associated with a persistent treatment response
may be more appropriate for determining the efficacy of TDM. Overall, long-term, better RCTs are needed to determine
the efficacy of proactive TDM more definitively to optimize the clinical outcomes of IBD. Future research should include
the efficacy of TDM during induction, the regulation of the dosage of monoclonal antibodies, and the application of this
research in a pediatric setting.
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Figure 5 Cross-hair plot of pairwise and network meta-analysis outcomes of proactive therapeutic drug monitoring vs conventional
management outcomes. A: Clinical remission; B: Adverse events. ADA: Adalimumab; IFX: Infliximab; CD: Crohn's disease; RCT: Randomized controlled trial;
UC: Ulcerative calitis; IBD: Inflammatory bowel disease.

ARTICLE HIGHLIGHTS

Research background

The efficacy and safety of anti-tumor necrosis factor-a (TNF-a) monoclonal antibody therapy [adalimumab (ADA) and
infliximab] with therapeutic drug monitoring (TDM), which has been proposed for inflammatory bowel disease (IBD)
patients, are still controversial.

Research motivation
To promote rational drug use in clinical practice.

Research objectives
To determine the efficacy and safety of anti-TNF-a monoclonal therapy with proactive TDM in patients with IBD and to
determine which subtype of IBD patients is most suitable for proactive TDM interventions.

Research methods
Randomized controlled trials and observational studies in three electronic databases to compare TNF-o monoclonal
therapy with proactive TDM with therapy with reactive TDM or empiric therapy were included.

Research results

Significant differences were frequently found in the proactive TDM subgroups, and these differences did not increase the
risk of adverse events. A network meta-analysis suggested that patients with IBD treated with ADA were more likely to
undergo TDM, especially in comparison with patients treated with reactive TDM.

Research conclusions
TDM is more suitable for IBD patients treated with ADA and has obvious advantages over reactive TDM.

Research perspectives
Future research should include the efficacy of TDM during induction, the regulation of the dosage of monoclonal
antibodies, and the application of this research in a pediatric setting.
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