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Abstract
Purpose  There is currently no curative treatment for childhood Crohn’s disease (CD). This meta-analysis aimed to validate 
the efficacy and safety of adalimumab (ADA) in pediatric patients with CD.
Materials and methods  We searched all relevant studies in the PubMed, Web of Science, Embase, and Cochrane Library 
databases. The primary outcomes were induction (≤ 12 weeks) and maintenance (up to 48 weeks) of remission and response. 
Secondary outcomes were severe adverse events and opportunistic infections to ADA. The Cochrane bias assessment tool 
was used to assess the risk of bias in randomized controlled trials. The methodological quality of the single-arm studies was 
assessed using the methodological index for non-randomized studies tool.
Results  Ten clinical trials involving a total of 885 patients were included. Results indicated that 59% (95% confidence 
interval [CI] 39–80%) of the subjects treated with ADA achieved induction of remission, and 60% (95% CI 35–86%) of the 
subjects treated with ADA achieved induction of response, 57% (95% CI 44–70%) achieved maintenance of remission, and 
63% (95% CI 26–69%) achieved maintenance of response.
Conclusion  Current evidence indicates that ADA is effective in children and adolescents with CD and that adverse events 
vary but are usually not severe.
Systematic review registration  https://​www.​crd.​york.​ac.​uk/​prosp​ero/, identifier CRD42023402199.

Keywords  Adalimumab · Crohn’s disease · Child · Meta-analysis · Efficacy and safety

Introduction

Crohn’s disease (CD) is a chronic, relapsing disease of the 
gastrointestinal tract that results in significant morbidity and 
affects the quality of life. Nearly a quarter of people with 
CD develop it before the age of 20 [1, 2], and the most com-
mon age is school age and early adolescence [3]. Pediatric 
patients account for less than 1.5% of all prevalent inflam-
matory bowel disease cases [4]. Pediatric-onset CD is more 
extensive and severe at presentation, with a more aggres-
sive disease course and worse prognosis when compared to 
adult-onset [5]. In addition to the clinical manifestations of 

recurrent abdominal pain, diarrhea, and anal lesions com-
mon to adult CD, pediatric-onset CD also has the character-
istics of growth retardation, delayed puberty, and decreased 
body mass index. Additionally, it affects mental health and 
is associated with malnutrition and the need for surgery [6].

Treating CD is a significant challenge for clinicians 
because there is currently no curative treatment. Traditional 
therapy includes corticosteroids, immunomodulators, and 
exclusive enteral nutrition. However, when a patient does 
not respond to these first-line treatments, biologic therapies, 
such as anti-tumor necrosis factor (TNF)-α antibodies, are 
considered. Whether conventional or biological therapy, the 
end goal is to achieve endoscopic remission.

TNF molecules are homotrimers that exist either as mem-
brane TNF (mTNF) on cell surfaces or as free molecules in 
solution (soluble TNF) following the cleavage of mTNF by 
TNF-α-converting enzyme (TACE). The possibility of the 
binding of mTNF or soluble TNF to TNF-R being inhib-
ited has also been reported [2, 7]. TNF-α antibodies are a 
valid therapeutic option for pediatric patients with CD. The 
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first TNF-α inhibitor that was approved for the treatment of 
CD in adults and children was infliximab (IFX), which is a 
monoclonal IgG1 antibody with a partially murine anti-TNF 
Fab region [8]. However, recent data indicate that approxi-
mately 30% of patients lose response within 3 years after 
starting the treatment, while half withdraw from the treat-
ment due to a lack of the drug [9, 10]. In randomized clini-
cal trials, adalimumab (ADA), an IgG1 antibody containing 
a humanized Fab region [11], has shown effectiveness in 
the treatment of pediatric patients with CD [12, 13], and 
has been approved by the United States Food and Drug 
Administration for treating moderate and severe CD in chil-
dren. It is also recommended by the European consensus 
guidelines for the treatment of long-term active intestinal 
diseases in children [14]. Furthermore, several systematic 
reviews and meta-analyses have demonstrated that ADA is 
also safe and effective in the treatment of adult patients with 
CD [15–17]. A systematic review on this topic has already 
been reported. Particularly, a systematic review and meta-
analysis conducted by Li et al. [18] revealed no significant 
differences between IFX and standard of care with respect 
to the maintenance of clinical remission at 6 months and 
1 year. However, such a study on ADA has not yet been 
reported. Therefore, in this systematic review and meta-
analysis, we aimed to examine the efficacy and safety of 
ADA in inducing and maintaining remission in pediatric 
patients with CD.

Methods

The literature review was conducted according to the 
EQUATOR Network website, including the PRISMA 2020 
statement [19].

Search strategy and inclusion criteria

PubMed, Web of Science, Embase, and Cochrane Library 
were searched for clinical trials examining the effective-
ness and safety of ADA in children with CD on January 6, 
2023. The most recent search was conducted on November 
3, 2023. Cited references of the retrieved articles and previ-
ous reviews were manually checked to identify additional 
eligible trials. The retrieved studies were imported into 
the EndNoteX9 software (Clarivate Analytics, London, 
UK). Thereafter, two researchers (C.B. and Z.C.) inde-
pendently searched and screened the candidate articles, 
checking eligibility for inclusion. The keywords used as 
search terms were as follows: “Crohn disease,” “Crohn’s 
Disease,” “CD,” “Crohns disease,” “adalimumab,” “child,” 
“pediatric,” and “adolescent.” An example search strategy 
is presented in Fig. S1.

We developed a patient, intervention, comparison, 
outcome, and study design (PICOS) approach as the eli-
gibility criteria. (1) Population: children and adolescents 
(2–18 years of age) with CD; children with ulcerative coli-
tis or unclassified IBD were excluded. (2) Intervention: 
ADA was administered subcutaneously. (3) Comparison: 
no placebo-controlled trials have been conducted on CD 
treatment in children as this is considered unethical. (4) 
Outcome: the eligible clinical trials had to present data on 
induction of remission (defined as clinical remission pedi-
atric CD activity index [PCDAI] score ≤ 10 after ≤ 12 weeks 
of treatment), induction of clinical response (defined as a 
PCDAI score < 30, and a decrease in PCDAI score ≥ 12.5 
points from the baseline score, after at least 12 weeks of 
treatment), maintenance of remission (defined as clinical 
remission after at least 48 weeks of treatment), maintenance 
of response (defined as clinical response after ≤ 1 year of 
therapy), as the primary outcome. The secondary outcome 
was the incidence of adverse effects, such as infections, 
injection-related reactions, and serious adverse events; this 
was individually examined. (5) Study design: randomized 
controlled trials (RCTs) and retrospective or prospective 
cohort studies assessing predefined outcomes; case–control 
studies and conference abstract data were excluded. Dis-
crepancies regarding study inclusion were resolved through 
discussions with the corresponding author (L.X.H.). Only 
published data were included in these studies. For duplicate 
publications of the same clinical trial, we selected the article 
with latest data.

Date extraction and quality assessment

Two authors (Z.X.Y. and X.D.Q.) independently extracted 
relevant data from each included trials using a unified 
data form. The quality of the RCTs was assessed using the 
Cochrane Collaboration risk of bias assessment tool. Fur-
thermore, the researchers evaluated the RCT studies item 
by item, and the evaluation results were expressed as low 
risk, high risk, or unclear [20]. The methodological quality 
of single-arm studies was assessed using the methodological 
index for non-randomized studies (MINORS) tool, which 
consists of eight items for noncomparative studies. An item 
was scored “0” when not reported, “1” when inadequately 
reported, and “2” when adequately reported. The maximum 
score was 16 [21].

Statistical analysis

The proportions of outcomes were calculated for each 
treatment arm. Pooled weighted proportions were cal-
culated after treatment with ADA using STATA soft-
ware (Stata-Corp LLC, College Station, TX, USA). 
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Heterogeneity across studies was tested by I2 statistic, 
and studies with an I2 value of > 50% were considered to 
have significant heterogeneity. Pooled estimates of the 
effect size and relevant 95% confidence interval (CI) for 
each treatment arm were obtained using the random or 
fixed effects model. Sensitivity analyses were conducted 
by excluding any single arm and its combinations to 
investigate their influence on pooled proportions. Pub-
lication bias was evaluated using the Egger test. A value 
of P < 0.05 was considered statistically significant. Fur-
thermore, subgroup analyses were conducted to analyze 
the heterogeneity between studies.

Results

Summary of study characteristics

A flow diagram showing the study selection process is pro-
vided in Fig. 1. Ten articles were considered eligible for 
inclusion in the systematic review. These included eight 
single-arm cohort studies and two RCTs [2, 13, 22–29]. 
The basic characteristics of the included studies are sum-
marized in Table 1. Furthermore, most of these studies were 
conducted in Europe [2, 22, 23, 25, 27], North America [13, 
28, 29], or both [24]; only one was conducted in Asia [26].

Fig. 1   Flow chart of the literature search
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The mean or median baseline PCDAI was above 30 in 
four treatment arms of three studies, signifying moderate 
to severe disease [22–24]. The mean or median baseline 
PCDAI was between 10 and 30 in five studies, indicated 
mild disease on average [2, 13, 26, 28, 29]. Two studies did 
not report baseline disease severity [25, 27].

The two RCTs comprised four treatment arms, with all 
patients the randomly assigned at week 4 after induction 
treatment [24, 26]. In one of these RCTs, the efficacy of 
different maintenance treatment doses (high doses, 40 mg 
or 20 mg for body weight ≥ 40 kg or < 40 kg, respectively, 
and low doses, 20 mg or 10 mg for body weight ≥ 40 kg 
or < 40 kg, respectively) were investigated [24], whereas the 
efficacies of proactive (trough concentrations measured at 
weeks 4 and 8 and then every 8 weeks until week 72) and 
reactive monitoring (physicians were informed of trough 
concentrations after loss of response) were compared in the 
other [26].

The therapeutic dose of ADA varied widely among the 
included studies. Most subjects received standard adult 
ADA induction (160/80 mg) via subcutaneous injection, 
every other week (eow). A maintenance dose of 40 mg was 
used in 8 of the 12 treatment arms. Furthermore, in one 
treatment arm, a higher maintenance dose (80 or 40 mg for 
body weights ≥ 40 kg or < 40 kg eow, respectively) was used, 
while a lower maintenance dose was used in one of the ther-
apeutic arms in the RCT study described above (20 or 10 mg 
for body weights ≥ 40 kg or < 40 kg eow, respectively).

The subjects in three studies were IFX-naïve [26–28]. 
Additionally, participants in two studies had previously 
received IFX treatment, which was discontinued due to loss 
of efficacy or related adverse events [2, 25]. In the remaining 
five studies, some subjects experienced IFX failure prior to 
ADA therapy [13, 22–24, 29].

Quality assessment

The methodological quality of the two RCTs is summarized 
in Figs. 2 and 3. One of the RCTs was a phase 3, multicenter, 

randomized, open-label induction followed by a double-
blind maintenance trial, in which subjects were randomly 
assigned (1:1) high-dose or low-dose ADA. Furthermore, in 
this study, subjects were stratified according to their week-4 
responder status and prior exposure to IFX [24]. The other 
study was a multicenter RCT, with equal randomization (1:1 
ratio), and aims to determine whether proactive therapeutic 
drug monitoring (TDM) is superior to reactive TDM in chil-
dren with CD under scheduled monitoring of clinical and 
biologic measures. Therefore, based on the study design, it 
was not possible to fully blind the method [26].

Fig. 2   Risk of bias graph 
(RCTs)

Fig. 3   Risk of bias summary (RCTs)
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Obtaining an objective evaluation of the endpoint was 
impossible due to the absence of activity comparison in the 
single-arm studies. In two of the included studies [22, 29], 
follow-up was less than 1 year, and in another [29], it was 
only 24 weeks. Furthermore, 12 out of 115 (10.4%) subjects 
were lost to follow-up in one study [13], and 3 out of 53 
(5.6%) were lost to follow-up in another study [25]. The 
sample size was less than 100 in 6 studies [2, 22, 23, 25, 27, 
28]. Regardless, it is acceptable to evaluate items that clearly 
state the purpose of the research, consistency of the results, 
methods for the collection of expected data, appropriateness 
of endpoint indicators to reflect the purpose of the study, and 
objectivity of the endpoint evaluation. As shown in Table 2, 
the quality of clinical trials ranged from moderate to high.

Funnel plots were used to assess the potential publication 
bias in the reporting of remission maintenance (Fig. S2). 
The pooled results showed no evidence of a significant pub-
lication bias. Additionally, the Egger test was performed 
to evaluate the publication bias in the reporting remission 
maintenance. We obtained P = 0.633, which corroborated no 
significant publication bias (Fig. S3).

Outcomes of interest

The detailed outcomes of each study are presented in 
Table 3. The calculation of the pooled weighted propor-
tions indicated that 59% (95% CI 25–61%) of the partici-
pants achieved induction of remission, 60% (95% CI 6–35%) 
achieved induction of response, 57% (95% CI 55–79%) 
achieved maintenance of remission, and 63% (95% CI 
30–87%) achieved maintenance of response (Figs. 4, 5, 6, 7).

The most frequently reported adverse event was infec-
tion. A total of 134 (15.1%) patients developed infections. 
Furthermore, injection-related reactions were reported in 39 
patients (4.4%) and 45 (5%) SAEs occurred in 885 patients. 
The most frequently reported SAEs were serious infections 
(30 patients); other SAEs included a meningitis secondary 
to a sinusitis (1 patients), pancreatitis (1 patients), severe 
neurological symptoms (3 patients), severe psoriasis (5 
patients), and severe vasculitis (3 patients). Furthermore, 
two deaths were reported in one study. Other common 
adverse effects included neurological symptoms, neutrope-
nia, vasculitis, and allergic and psoriasiform skin lesions.

Sensitivity and subgroup analysis

The calculation of the pooled weighted proportions indi-
cated high heterogeneity among studies. Thus, further sen-
sitivity and subgroup analyses were conducted to investi-
gate important confounding factors (sensitivity analysis, see 
Fig. S4). The results of the subgroup analysis according to 
the baseline PCDAI score, study design, prior IFX exposure, 
and maintenance dose are presented in Fig. S5.

Induction of remission

In the sensitivity analysis of remission induction, exclud-
ing any single arm did not significantly alter the hetero-
geneity among the studies. The subgroup analysis results 
also suggested that the proportion of patients with remis-
sion induction was significantly higher in children with 
PCDAI < 30 at baseline than in those with ≥ 30 (0.76 [0. 
57–0.95] vs. 0.34 [0.20–0.49]). Furthermore, subgroup 

Table 2   Assessment of study quality (single-arm studies)

Study The purpose 
of the research 
is clearly 
stated

Consistency 
of enrolled 
patients

Collection 
of expected 
data

Endpoints that 
appropriately 
reflect the purpose 
of the study

The  
objectivity 
of endpoint 
evaluation

Adequate 
follow-up 
time

Loss to 
follow-up 
rate is less 
than 5%

Whether 
the sample 
size was 
estimated

total

Rosh et al. 
[13]

2 2 2 2 0 2 0 2 12

Viola et al. 
[22]

2 2 2 2 0 1 2 1 12

Russel et al.  
[23]

2 2 2 2 0 2 2 1 13

Cozijnsen 
et al. [25]

2 2 2 2 0 2 1 1 12

Alvisi et al. 
[2]

2 2 2 2 0 2 2 1 13

Romeo et al. 
[27]

2 2 2 2 0 2 2 1 13

 Rinawi et al. 
[28]

2 2 2 2 0 0 2 1 11

Rinawi et al. 
[28]

2 2 2 2 0 2 2 2 14
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analysis in terms of whether the patients had previously 
received IFX treatment revealed no significant differ-
ence between the subgroup of IFX-exposed patients 
and the subgroup of some subjects without prior IFX 

treatment (0.38 [0. 24–0.52] vs. 0.45 [0.17–0.74]). How-
ever, ADA was significantly effective in the subgroup 
of IFX-naïve patients (0.94 [0.90–0.98]), suggesting a 
possible risk of bias.

Fig. 4   Forest plot of induction 
of remission

Fig. 5   Forest plot of induction of response
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Maintenance of remission

In the sensitivity analysis of remission maintenance, we 
noted that excluding any single study did not significantly 
change the heterogeneity among the studies. Subgroup anal-
ysis further revealed that children with PCDAI < 30 at base-
line showed a significantly higher proportion of maintenance 

of remission than those with score ≥ 30 (0.69 [0. 59–0.80] 
vs. 0.39 [0.24–0.54]). Additionally, whether the patients 
were from non-RCTs or RCTs resulted in no significant dif-
ference in the subgroup analysis results (0.61 [0.53–0.70] vs. 
0.52 [0.24–0.80]). Moreover, there was no significant differ-
ence in the proportion of patients in the 40 mg doses cohort 
and ≥ 40 mg arm (0.58 [0.42–0.74] vs. 0.65 [0.46–0.85]); 

Fig. 6   Forest plot of mainte-
nance of remission

Fig. 7   Forest plot of mainte-
nance of response
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however, the < 40 mg arm achieved a lower proportion of 
maintenance remission 0.34 (0.25–0.44). Our results also 
indicated no significant difference between the subgroup in 
which all patients experienced IFX failure and the subgroup 
in which some patients experienced IFX failure (0.66 [0. 
42–0.91] vs. 0.46 [0.29–0.63]). However, ADA was sig-
nificantly more effective in the subgroup with IFX-naïve 
patients (0.75 [0.65–0.86]).

Maintenance of response

In the sensitivity analysis, excluding any single study did not 
significantly alter the heterogeneity among the studies. Addi-
tionally subgroup analysis revealed no significant difference 
between the two cohorts with PCDAI scores > 30 and < 30 
at baseline (0.61 [0. 31–0.91] vs. 0.68 [0. 0.57–0.78]). 
We also noted that the rate of maintenance response was 
greater in non-RCTs than RCTs (0.72 [0.56–0.88] vs. 0.35 
[0.22–0.48]). In the ADA dose subgroup analysis, we noted 
that the response rate increased in a dose-dependent manner 
(0.42 [0.32–0.52] vs. 0.57 [0.35–0.78] vs. 0.91 [0.80–1.03]) 
for < 40, 40, and ≥ 40 mg, respectively). There was no sig-
nificant difference between the subgroup in which some 
patients experienced IFX failure and the subgroup in which 
all patients prior to IFX treatment (0.63 [0.37–0.88] vs. 0.52 
[0.24–0.79]). However, ADA was significantly more effec-
tive in the IFX-naïve subgroup (0.84 [0.72–0.97]).

Discussion

Biological therapies, e.g., anti-TNF-α agents, have been 
extensively used in pediatric CD because they have been 
demonstrated to positively modify the natural history of 
IBD and facilitate mucosal healing. The efficacy of ADA 
in achieving clinical remission in children with CD has also 
been demonstrated in various studies [13, 23, 24]. However, 
different studies with different therapeutic doses, follow-
up periods, and sample sizes have used different criteria 
to assess disease severity, limiting the generalization of 
results in clinical practice and the possibility of comparisons 
among them. In summary, we identified 10 clinical trials, 
with 885 subjects enrolled, that met the inclusion criteria. 
The major finding of our study was that the pooled remis-
sion and response rates of ADA induction and maintenance 
were > 50%, suggesting that ADA is effective as a treatment 
for children with CD. Adverse events varied between the 
included studies, but were usually not severe.

In clinical practice, one of the therapeutic goals of a new 
agent is the rapid induction of response or remission. Data 
over the years corresponding to adults shows that ADA 
exerts long-term clinical benefits [30]. However, a signifi-
cant number of children and adults lose response to ADA 

over time, and thus, require either a dose increase or reduc-
tion in the dosing interval [13, 31]. Only a few published 
studies have reported an optimal ADA dose for pediatric 
patients with CD [24], either for the induction or mainte-
nance of remission. Therefore, the doses used in pediatric 
practice are extrapolated from relevant adult studies [9, 32] 
and pediatric rheumatology studies [33]. Therefore, it is 
difficult to conclude on an optimal dose CD treatment in 
children. In the current study, we noted that most of the sub-
jects in the included studies received a standard adult ADA 
induction dose of 160/80 mg, while the 40-mg dose was 
frequently used in maintenance therapy. Subgroup analysis 
showed no significant difference in the overall response rates 
between the 80 mg and 40 mg maintenance groups. How-
ever, the remission rate in the 20 mg group was significantly 
lower than that in the 40 mg group. Subgroup analysis fur-
ther suggested that a dose of 40 mg may be the most effec-
tive in maintaining clinical remission and clinical response.

ADA effectively maintains a long-term response and 
remission in children with CD. In the current study, the 
follow-up period varied between 48 and 208 weeks, with 
one study reporting a maximum follow-up period of only 
24 weeks [28]. We also observed maintenance remission rates 
of 60%, 57%, and 62% at weeks 26, 52, and 104, respectively.

Patients with CD previously exposed to TNF-α were 
more likely to exhibit a refractory phenotype [34, 35]. 
Subgroup analysis in this study demonstrated that the 
efficacy of ADA was higher in TNF-α-naïve patients than 
in their TNF-α-exposed counterparts. This is consistent 
with the results of Song et al. [16]. However, Yin et al. 
[17] assessed the efficacy and safety of ADA in inducing 
and maintaining remission of participants with CD; their 
study included four RCTs, and based on their observations, 
they concluded that efficacy rates were similar between 
the TNF-α-naïve and TNF-α-exposed subgroups. The most 
important reason to alter the efficacy of a second anti-
TNF in CD patients will depend on the cause for switch-
ing. The remission rate will be higher when the reason 
for discontinuing the first anti-TNF is intolerance rather 
than secondary or primary failure. Probably, this explains 
why Yin et al. concluded that efficacy rates were similar 
between the TNF-α-naïve and TNF-α-exposed subgroups 
[11]. However, these findings need to be interpreted cau-
tiously owing to several limitations, including differences 
between the included studies in terms of study design, 
differences in treatment periods, and the use of different 
doses of ADA administered at various intervals through-
out the studies periods, irrespective of concomitant ther-
apy. Therefore, large-scale prospective clinical trials are 
required to validate these findings.

Regarding side effects, only two deaths were reported 
in one study [23], and they were due to central venous 
catheter sepsis, which resulted in septic shock. Although 
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there are recognized morbidity and mortality rates in adult 
clinical studies, the reported combined mortality rate in 
clinical trials of ADA is not higher than the overall value 
expected for patients with CD [36]. However, these data 
need to be interpreted cautiously, as patients in clinical 
trials might not represent those seen in clinical practice. 
Moreover, follow-up might not be sufficiently long for 
some serious events, such as malignancy, to occur.

To the best of our knowledge, this is the first meta-analysis  
to evaluate the efficacy and safety of ADA in children  
with CD. However, this study had some limitations. First, 
differences in study design, baseline disease severity, and 
treatment dose may have contributed to heterogeneity in the 
meta-analysis outcomes. Second, the RCTs are considered 
the most scientifically rigorous study design for evaluating  
the effectiveness of interventions [37]. Considering the 
higher severity of the disease in pediatric patients and the 
fact that CD influences the growth and development of  
children as a special group, parents are often reluctant to 
provide consent for their children to be included in such 
trials. One of the RCTs included in this study involved the 
comparison of different ADA dose, while the other involved 
the comparison of proactive and reactive monitoring, no  
placebo used. Third, in most of the clinical trials, the length 
and adequacy of follow-up were unclear. Furthermore, most 
of the included studies had the limitation of a small sample 
size: only three studies had sample sizes above 100. Fourth, 
data on endoscopic outcomes were unavailable. Finally, cost 
analysis was not performed in this systematic review and 
meta-analysis owing to insufficient data.

Conclusion

Our meta-analysis showed that ADA provides significant 
benefits to children with CD. However, the available lit-
erature is limited by the risk of bias and small sample 
size. Therefore, further prospective studies are required 
to confirm the efficacy and safety of ADA in pediatric 
patients with CD.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00228-​023-​03613-1.

Acknowledgements  We thank the authors of the studies included 
in the meta-analysis and the participants in these studies for their 
contributions.

Author contribution  All authors contributed to the study conception 
and design. Study search and review were performed by Bin Chen and 
Zhuan Zou. Data extraction and analysis were performed by Dongqiong 
Xiao and Xiaoyan Zhang. All the authors drafted the work and revised 
it critically for important intellectual content. All authors agreed to 
be accountable for all aspects of the study design and its content and 
approved the final manuscript.

Funding  This work was supported by a grant from the National Sci-
ence Foundation of China (Grant Number 82071353).

Data availability   The datasets generated during and/or analyzed during 
the current study are available from the corresponding authors upon 
reasonable request.

Declarations 

Ethical approval  No ethical approval was required for this study as it 
was a systematic review.

Consent to participate  No informed consent was required.

Conflict of interest  The authors declare no competing interests.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Wu J, Lubman D, Kugathasan S, Denson L, Hyams J, Dubinsky 
M, Griffiths A, Baldassano R, Noe J, Rabizadeh S, Gulati A, 
Rosh J, Crandall W, Higgins P, Stidham R (2019) Serum Protein 
biomarkers of fibrosis aid in risk stratification of future stricturing 
complications in pediatric Crohn’s disease. Am J Gastroenterol 
114(5):777–785. https://​doi.​org/​10.​14309/​ajg.​00000​00000​000237

	 2.	 Alvisi P, Arrigo S, Cucchiara S, Lionetti P, Miele E, Romano 
C, Ravelli A, Knafelz D, Martelossi S, Guariso G, Accomando 
S, Zuin G, De Giacomo C, Balzani L, Gennari M, Aloi M 
(2019)  Efficacy of adalimumab as second-line therapy in a 
pediatric cohort of Crohn’s disease patients who failed inflixi-
mab therapy: the Italian Society of Pediatric Gastroenterology, 
Hepatology, and Nutrition experience. Biologics: Targets and 
Therapy 13:13–21. https://​doi.​org/​10.​2147/​btt.​S1830​88

	 3.	 Däbritz J, Gerner P, Enninger A, Claßen M, Radke M (2017) 
Inflammatory bowel disease in childhood and adolescence. Dtsch 
Arztebl Int 114(19):331–338. https://​doi.​org/​10.​3238/​arzte​bl.​
2017.​0331

	 4.	 Burgess CJ, Henderson P, Jones GR, Lees CW, Wilson DC (2020) 
Paediatric patients (less than age of 17 years) account for less than 
1.5% of all prevalent inflammatory bowel disease cases. J Pediatr 
Gastroenterol Nutr 71(4):521–523. https://​doi.​org/​10.​1097/​mpg.​
00000​00000​002842

	 5.	 Fumery M, Pariente B, Sarter H, Savoye G, Spyckerelle C, Djeddi 
D, Mouterde O, Bouguen G, Ley D, Peneau A, Dupas J, Turck D, 
Gower-Rousseau C (2019) Long-term outcome of pediatric-onset 
Crohn’s disease: a population-based cohort study. Dig Liver Dis 
51(4):496–502. https://​doi.​org/​10.​1016/j.​dld.​2018.​11.​033

	 6.	 Amaro F, Chiarelli F (2020) Growth and puberty in children with 
inflammatory bowel diseases. Biomedicines 8(11). https://​doi.​org/​
10.​3390/​biome​dicin​es811​0458

https://doi.org/10.1007/s00228-023-03613-1
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.14309/ajg.0000000000000237
https://doi.org/10.2147/btt.S183088
https://doi.org/10.3238/arztebl.2017.0331
https://doi.org/10.3238/arztebl.2017.0331
https://doi.org/10.1097/mpg.0000000000002842
https://doi.org/10.1097/mpg.0000000000002842
https://doi.org/10.1016/j.dld.2018.11.033
https://doi.org/10.3390/biomedicines8110458
https://doi.org/10.3390/biomedicines8110458


406	 European Journal of Clinical Pharmacology (2024) 80:395–407

1 3

	 7.	 Van den Brande J, Braat H, van den Brink G, Versteeg H, Bauer 
C, Hoedemaeker I, van Montfrans C, Hommes D, Peppelenbosch  
M, van Deventer S (2003) Infliximab but not etanercept induces 
apoptosis in lamina propria T-lymphocytes from patients with 
Crohn’s disease. Gastroenterology 124(7):1774–1785. https://​
doi.​org/​10.​1016/​s0016-​5085(03)​00382-2

	 8.	 Tarnok A, Kiss Z, Kadenczki O, Veres G (2019) Character-
istics of biological therapy in pediatric patients with Crohn’s 
disease. Expert Opin Biol Ther 19(3):181–196. https://​doi.​org/​
10.​1080/​14712​598.​2019.​15640​34

	 9.	 Colombel J, Sandborn W, Rutgeerts P, Enns R, Hanauer S, 
Panaccione R, Schreiber S, Byczkowski D, Li J, Kent J, Pollack  
P (2007) Adalimumab for maintenance of clinical response 
and remission in patients with Crohn’s disease: the CHARM 
trial. Gastroenterology 132(1):52–65. https://​doi.​org/​10.​1053/j.​
gastro.​2006.​11.​041

	10.	 Hyams J, Lerer T, Griffiths A, Pfefferkorn M, Kugathasan S, 
Evans J, Otley A, Carvalho R, Mack D, Bousvaros A, Rosh 
J, Mamula P, Kay M, Crandall W, Oliva-Hemker M, Keljo 
D, LeLeiko N, Markowitz J (2009) Long-term outcome of 
maintenance infliximab therapy in children with Crohn’s dis-
ease. Inflamm Bowel Dis 15(6):816–822. https://​doi.​org/​10.​1002/​
ibd.​20845

	11.	 Gisbert J, Marín A, McNicholl A, Chaparro MJAp, therapeutics 
(2015) Systematic review with meta-analysis: the efficacy of a 
second anti-TNF in patients with inflammatory bowel disease 
whose previous anti-TNF treatment has failed. Aliment Pharma-
col Ther 4(7):613–623. https://​doi.​org/​10.​1111/​apt.​13083

	12.	 Martín-de-Carpi J, Pociello N, Varea VJ (2010) Long-term effi-
cacy of adalimumab in paediatric Crohn’s disease patients naïve to 
other anti-TNF therapies. J Crohns Colitis 4(5):594–598. https://​
doi.​org/​10.​1016/j.​crohns.​2010.​04.​002

	13.	 Rosh J, Lerer T, Markowitz J, Goli S, Mamula P, Noe J,  
Pfefferkorn M, Kelleher K, Griffiths A, Kugathasan S, Keljo D 
et al (2009) Retrospective Evaluation of the Safety and Effect 
of Adalimumab Therapy (RESEAT) in pediatric Crohn’s  
disease. Am J Gastroenterol 104(12):3042–3049. https://​doi.​org/​
10.​1038/​ajg.​2009.​493

	14.	 Ruemmele F, Veres G, Kolho K, Griffiths A, Levine A, Escher 
J, Amil Dias J, Barabino A, Braegger C, Bronsky J, Buderus S, 
Martín-de-Carpi J, De Ridder L, Fagerberg U, Hugot J, Kierkus 
J, Kolacek S, Koletzko S, Lionetti P, Miele E, Navas López V, 
Paerregaard A, Russell R, Serban D, Shaoul R, Van Rheenen 
P, Veereman G, Weiss B, Wilson D, Dignass A, Eliakim A, 
Winter H, Turner D (2014) Consensus guidelines of ECCO/
ESPGHAN on the medical management of pediatric Crohn’s 
disease. J Crohns Colitis 8(10):1179–1207. https://​doi.​org/​10.​
1016/j.​crohns.​2014.​04.​005

	15.	 Huang M, Ran Z, Shen J, Li X, Xu X, Xiao SD (2011) Efficacy 
and safety of adalimumab in Crohn’s disease: meta-analysis of 
placebo-controlled trials. J Dig Dis 12(3):165–172. https://​doi.​
org/​10.​1111/j.​1751-​2980.​2011.​00493.x

	16.	 Song Y, Zheng P, Xiao J, Lu ZJ (2014) Efficacy and safety of 
adalimumab for the Crohn’s disease: a systematic review and 
meta-analysis of published randomized placebo-controlled tri-
als. Eur J Clin Pharmacol 70(8):907–914. https://​doi.​org/​10.​1007/​
s00228-​014-​1702-1

	17.	 Yin J, Li Y, Chen Y, Wang C, Song X (2022) Adalimumab for 
induction of remission in patients with Crohn’s disease: a system-
atic review and meta-analysis. Eur J Med Res 27(1):190. https://​
doi.​org/​10.​1186/​s40001-​022-​00817-6

	18.	 Li S, Reynaert C, Su A, Sawh S (2019) Efficacy and safety of 
infliximab in pediatric Crohn disease: a systematic review and 
meta-analysis. Can J Hosp Pharm 72(3):227–238

	19.	 Page M, McKenzie J, Bossuyt P, Boutron I, Hoffmann T, Mulrow 
C, Shamseer L, Tetzlaff J, Akl E, Brennan S, Chou R et al (2021) 

The PRISMA 2020 statement: an updated guideline for reporting 
systematic reviews. Int Surg J 372:n71. https://​doi.​org/​10.​1136/​
bmj.​n71

	20.	 Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman 
AD, Savovic J, Schulz KF, Weeks L, Sterne JA (2011) The 
Cochrane Collaboration’s tool for assessing risk of bias in ran-
domised trials. BMJ 343:d5928. https://​doi.​org/​10.​1136/​bmj.​d5928

	21.	 Slim K, Nini E, Forestier D, Kwiatkowski F, Panis Y, Chipponi J 
(2003) Methodological index for non-randomized studies (minors): 
development and validation of a new instrument. ANZ J Surg 
73(9):712–716. https://​doi.​org/​10.​1046/j.​1445-​2197.​2003.​02748.x

	22.	 Viola F, Civitelli F, Di Nardo G, Barbato M, Borrelli O, Oliva 
S, Conte F, Cucchiara S (2009) Efficacy of adalimumab in mod-
erate-to-severe pediatric Crohn’s disease. Am J Gastroenterol 
104(10):2566–2571. https://​doi.​org/​10.​1038/​ajg.​2009.​372

	23.	 Russell R, Wilson M, Loganathan S, Bourke B, Kiparissi F, Mahdi 
G, Torrente F, Rodrigues A, Davies I, Thomas A, Akobeng A 
et al (2011) A British Society of Paediatric Gastroenterology. 
Hepatology and Nutrition survey of the effectiveness and safety 
of adalimumab in children with inflammatory bowel disease. Ali-
ment Pharmacol Ther 33(8):946–953. https://​doi.​org/​10.​1111/j.​
1365-​2036.​2011.​04603.x

	24.	 Hyams J, Griffiths A, Markowitz J, Baldassano R, Faubion W, 
Colletti R, Dubinsky M, Kierkus J, Rosh J, Wang Y, Huang B et al 
(2012) Safety and efficacy of adalimumab for moderate to severe 
Crohn’s disease in children. Gastroenterology 143(2):365–374.
e362. https://​doi.​org/​10.​1053/j.​gastro.​2012.​04.​046

	25.	 Cozijnsen M, Duif V, Kokke F, Kindermann A, van Rheenen P, de 
Meij T, Schaart M, Damen G, Norbruis O, Pelleboer R, Van den 
Neucker A, van Wering H, Hummel T, Oudshoorn J, Escher J, de 
Ridder L (2015) Adalimumab therapy in children with Crohn dis-
ease previously treated with infliximab. J Pediatr Gastroenterol Nutr 
60(2):205–210. https://​doi.​org/​10.​1097/​mpg.​00000​00000​000589

	26.	 Assa A, Matar M, Turner D, Broide E, Weiss B, Ledder O,  
Guz-Mark A, Rinawi F, Cohen S, Topf-Olivestone C, Shaoul  
R et  al (2019) Proactive monitoring of adalimumab trough  
concentration associated with increased clinical remission  
in children with Crohn’s disease compared with reactive  
monitoring. Gastroenterology 157(4):985-996.e982. https://​doi.​ 
org/​10.​1053/j.​gastro.​2019.​06.​003

	27.	 Romeo A, Ventimiglia M, Dipasquale V, Orlando A, Citrano M, 
Pellegrino S, Accomando S, Cottone M, Romano CJC (2020) 
Effectiveness and safety of biologics in pediatric inflammatory 
boweldisease: real-life data from the Sicilian Network. Clin Res 
Hepatol Gastroenterol 44(2):223–229. https://​doi.​org/​10.​1016/j.​
clinre.​2019.​05.​008

	28.	 Rinawi F, Ricciuto A, Church P, Frost K, Crowley E, Walters  
T, Griffiths AJ (2021) Association of early postinduction  
adalimumab exposure with subsequent clinical and biomarker 
remission in children with Crohn’s disease. Inflamm Bowel Dis 
27(7):1079–1087. https://​doi.​org/​10.​1093/​ibd/​izaa2​47

	29.	 Rinawi F, Popalis C, Tersigni C, Frost K, Muise A, Church P, 
Walters T, Ricciuto A, Griffiths AJ (2022) Long-term outcomes 
with adalimumab therapy in pediatric Crohn disease: associa-
tions with adalimumab exposure. J Pediatr Gastroenterol Nutr 
74(3):389–395. https://​doi.​org/​10.​1097/​mpg.​00000​00000​003366

	30.	 Panaccione R, Colombel J, Sandborn W, Rutgeerts P, D’Haens 
G, Robinson A, Chao J, Mulani P, Pollack P (2010) Adalimumab 
sustains clinical remission and overall clinical benefit after 2 
years of therapy for Crohn’s disease. Aliment Pharmacol Ther 
31(12):1296–1309. https://​doi.​org/​10.​1111/j.​1365-​2036.​2010.​
04304.x

	31.	 Oussalah A, Danese S, Peyrin-Biroulet L (2010) Efficacy of 
TNF antagonists beyond one year in adult and pediatric inflam-
matory bowel diseases: a systematic review. Curr Drug Targets 
11(2):156–175. https://​doi.​org/​10.​2174/​13894​50107​90309​939

https://doi.org/10.1016/s0016-5085(03)00382-2
https://doi.org/10.1016/s0016-5085(03)00382-2
https://doi.org/10.1080/14712598.2019.1564034
https://doi.org/10.1080/14712598.2019.1564034
https://doi.org/10.1053/j.gastro.2006.11.041
https://doi.org/10.1053/j.gastro.2006.11.041
https://doi.org/10.1002/ibd.20845
https://doi.org/10.1002/ibd.20845
https://doi.org/10.1111/apt.13083
https://doi.org/10.1016/j.crohns.2010.04.002
https://doi.org/10.1016/j.crohns.2010.04.002
https://doi.org/10.1038/ajg.2009.493
https://doi.org/10.1038/ajg.2009.493
https://doi.org/10.1016/j.crohns.2014.04.005
https://doi.org/10.1016/j.crohns.2014.04.005
https://doi.org/10.1111/j.1751-2980.2011.00493.x
https://doi.org/10.1111/j.1751-2980.2011.00493.x
https://doi.org/10.1007/s00228-014-1702-1
https://doi.org/10.1007/s00228-014-1702-1
https://doi.org/10.1186/s40001-022-00817-6
https://doi.org/10.1186/s40001-022-00817-6
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1046/j.1445-2197.2003.02748.x
https://doi.org/10.1038/ajg.2009.372
https://doi.org/10.1111/j.1365-2036.2011.04603.x
https://doi.org/10.1111/j.1365-2036.2011.04603.x
https://doi.org/10.1053/j.gastro.2012.04.046
https://doi.org/10.1097/mpg.0000000000000589
https://doi.org/10.1053/j.gastro.2019.06.003
https://doi.org/10.1053/j.gastro.2019.06.003
https://doi.org/10.1016/j.clinre.2019.05.008
https://doi.org/10.1016/j.clinre.2019.05.008
https://doi.org/10.1093/ibd/izaa247
https://doi.org/10.1097/mpg.0000000000003366
https://doi.org/10.1111/j.1365-2036.2010.04304.x
https://doi.org/10.1111/j.1365-2036.2010.04304.x
https://doi.org/10.2174/138945010790309939


407European Journal of Clinical Pharmacology (2024) 80:395–407	

1 3

	32.	 Lichtiger S, Binion D, Wolf D, Present D, Bensimon A, Wu E, Yu 
A, Cardoso A, Chao J, Mulani P et al (2010) The CHOICE trial: 
adalimumab demonstrates safety, fistula healing, improved quality 
of life and increased work productivity in patients with Crohn’s 
disease who failed prior infliximab therapy. Aliment Pharmacol 
Ther 32(10):1228–1239. https://​doi.​org/​10.​1111/j.​1365-​2036.​
2010.​04466.x

	33.	 Lovell D, Ruperto N, Goodman S, Reiff A, Jung L, Jarosova  
K, Nemcova D, Mouy R, Sandborg C, Bohnsack J, Elewaut D, 
Foeldvari I, Gerloni V, Rovensky J, Minden K, Vehe R, Weiner 
L, Horneff G, Huppertz H, Olson N, Medich J, Carcereri-De-Prati 
R, McIlraith M, Giannini E, Martini A (2008) Adalimumab with 
or without methotrexate in juvenile rheumatoid arthritis. N Engl 
J Med 359(8):810–820. https://​doi.​org/​10.​1056/​NEJMo​a0706​290

	34.	 Benmassaoud A, Al-Taweel T, Sasson M, Moza D, Strohl M, 
Kopylov U, Paradis-Surprenant L, Almaimani M, Bitton A, Afif 
W, Lakatos P, Bessissow T (2018) Comparative effectiveness of 
infliximab versus adalimumab in patients with biologic-naïve 
Crohn’s disease. Dig Dis Sci 63(5):1302–1310. https://​doi.​org/​
10.​1007/​s10620-​017-​4874-6

	35.	 Plevris N, Jenkinson P, Arnott I, Jones G, Lees C (2020) Higher 
anti-tumor necrosis factor levels are associated with perianal 
fistula healing and fistula closure in Crohn’s disease. Eur J Gas-
troenterol Hepatol 32(1):32–37. https://​doi.​org/​10.​1097/​meg.​
00000​00000​001561

	36.	 Colombel J, Sandborn W, Panaccione R, Robinson A, Lau W, Li 
J, Cardoso A (2009) Adalimumab safety in global clinical trials 
of patients with Crohn’s disease. Inflamm Bowel Dis 15(9):1308–
1319. https://​doi.​org/​10.​1002/​ibd.​20956

	37.	 Evans D (2003) Hierarchy of evidence: a framework for rank-
ing evidence evaluating healthcare interventions. J Clin Nurs 
12(1):77–84. https://​doi.​org/​10.​1046/j.​1365-​2702.​2003.​00662.x

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1111/j.1365-2036.2010.04466.x
https://doi.org/10.1111/j.1365-2036.2010.04466.x
https://doi.org/10.1056/NEJMoa0706290
https://doi.org/10.1007/s10620-017-4874-6
https://doi.org/10.1007/s10620-017-4874-6
https://doi.org/10.1097/meg.0000000000001561
https://doi.org/10.1097/meg.0000000000001561
https://doi.org/10.1002/ibd.20956
https://doi.org/10.1046/j.1365-2702.2003.00662.x

	Efficacy and safety of adalimumab in pediatric patients with Crohn’s disease: A systematic review and meta-analysis
	Abstract
	Purpose 
	Materials and methods 
	Results 
	Conclusion 
	Systematic review registration 

	Introduction
	Methods
	Search strategy and inclusion criteria
	Date extraction and quality assessment
	Statistical analysis

	Results
	Summary of study characteristics
	Quality assessment
	Outcomes of interest
	Sensitivity and subgroup analysis
	Induction of remission
	Maintenance of remission
	Maintenance of response

	Discussion
	Conclusion
	Acknowledgements 
	References


