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The emergence of mucosal healing as a treatment goal that could modify the natural course of Crohn’s disease 

and the accumulating evidence showing that biologics are most effective in achieving mucosal healing, along with 

the success of early treatment regimens for rheumatoid arthritis, have led to the identification of early Crohn’s disease 

and development of the concept of catching the therapeutic window during the early disease course. Thus, an increas-

ing number of pediatric gastroenterologists are adopting an early biologic treatment strategy with or without an 

immunomodulator. Although early biologic treatment is effective, cost and overtreatment are issues that limit its early 

use. Currently, there are insufficient data on who will benefit most from early biologics, as well as on who will not 

need early or even any biologics. For now, top-down biologics should be considered for patients with currently known 

high-risk factors of poor outcomes. For other patients, close, objective monitoring and accelerating the step-up proc-

ess by means of a treat-to-target approach seems the best way to catch the therapeutic window in early pediatric 

Crohn’s disease. The individual benefits of immunomodulator addition during early biologic treatment should be 

weighed against its risks and decision on early combination treatment should be made after comprehensive dis-

cussion with each patient and guardian.
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INTRODUCTION

Crohn’s disease (CD) is a chronic inflammatory 
bowel disease (IBD) that can affect the entire gastro-
intestinal tract, and it is characterized by periods of 
clinical remission and relapse [1]. The disease course 

is usually progressive, and half of affected patients 
are known to experience complications such as stric-
tures and fistulas, leading to persisting and re-
fractory symptoms, impaired quality of life, and sur-
gery [2,3]. It is known that approximately 25% of CD 
cases develop during childhood or adolescence, and 
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pediatric CD is more progressive and extensive than 
CD that occurs in adults [4,5]. Another unique fea-
ture of pediatric CD compared with adult-onset CD is 
linear growth impairment, which is more profound 
in patients who have undergone a prolonged period 
of active disease [6]. Therefore, restoring linear 
growth impairment is an additional goal for pedia-
tric IBD gastroenterologists, which is a much more 
time-sensitive problem than the challenges pre-
sented by adult IBD [7]. In other words, when to 
start therapy with biologics is a common issue of in-
terest that should be clarified in the treatment of pe-
diatric CD.

The introduction of anti-tumor necrosis factor 
(anti-TNF) agents such as infliximab (IFX) and adali-
mumab (ADL), monoclonal antibodies that bind with 
high specificity and affinity to TNF-alpha (TNF-α), 
has benefited a large majority of CD patients of all age 
groups who are refractory to conventional treatments 
[8-12]. Recent studies in adults have suggested that 
the early introduction of biologics combined with an 
immunosuppressant during the disease course may 
possibly modify the natural history of the disease 
[13,14]. In accordance, an increasing number of IBD 
specialists worldwide are adopting an early biologic 
regimen into real-life clinical practice. Despite the evi-
dence on the efficacy and safety of early biologic treat-
ment in adult patients with moderate-to-severe CD, 
relevant data are relatively scarce in children and 
adolescents. This review will focus on the available lit-
erature on the efficacy and safety of early biologic 
treatment in pediatric CD, and how early biologic 
treatment strategies could be implemented into clin-
ical practice. We will start with looking at why early 
biologic treatment is important in CD.

SIGNIFICANCE OF EARLY BIOLOGIC 
TREATMENT IN CD

The traditional goals of treatment in CD were fo-
cused on controlling symptoms, enhancing quality 
of life, minimizing complications to prevent surgery, 
and additionally restoring growth in pediatric pa-
tients [1,4]. However, with accumulating evidence 

showing that mucosal healing is associated with sus-
tained corticosteroid-free clinical remission, reduced 
hospitalization, and lower surgery rates, mucosal 
healing has emerged as a major treatment goal in CD 
[15-18]. Among the currently available drugs, bio-
logics are most effective in inducing and maintain-
ing mucosal healing [19]. Thus, their introduction 
has led to expectations that they may be capable of 
modifying the natural history of CD [20].

Meanwhile, the treatment of rheumatoid arthritis 
has significantly progressed during the past two 
decades as a result of earlier introduction of dis-
ease-modifying anti-rheumatic drugs during the 
disease course, development of composite measures 
to better assess disease activity, introduction of bio-
logics, and structured patient management aiming 
for a treatment target [21]. Likewise, the concept of 
identifying CD in its early course has been adopted in 
the management of this disease in order to ag-
gressively halt inflammation and prevent further 
bowel damage and disability [22]. An international 
consensus recently defined early CD as a disease 
with a duration ≤18 months after the diagnosis, and 
occurring in patients without previous exposure to 
immunomodulators or biologics [23]. It is now ac-
knowledged that there is a “therapeutic window of 
opportunity” in early CD, which is when treatment is 
more effective before bowel damage and disability 
progress during the natural disease course [24]. 
Consequently, catching this therapeutic window of 
opportunity in early CD and achieving deep re-
mission may be the best ways to modify the natural 
history of CD [25].

EFFICACY OF EARLY BIOLOGIC 
TREATMENT IN ADULT CD

Early biologic treatment has been shown to be 
more effective than the conventional step-up ap-
proach in several randomized controlled studies in 
adult CD patients [26-28]. In the “top-down vs. 
step-up” study by D'Haens et al. [26], patients allo-
cated to the early combined immunosuppression 
group receiving IFX and an immunomodulator showed 
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significantly higher rates of corticosteroid-free clin-
ical remission at both weeks 26 and 52 compared 
with the conventional step-up group (week 26: 60.0% 
vs. 35.9%, p=0.006; week 52: 61.5% vs. 42.2%, p=0.03). 
Furthermore, patients in the early combined im-
munosuppression group were more likely to reveal 
no ulcers on endoscopy at 2 years (73.1% vs. 30.4%, 
p=0.003). Further prospective investigation of a sub-
set of patients from this study revealed that achieve-
ment of complete mucosal healing at 2 years was as-
sociated with higher rates of corticosteroid-free clin-
ical remission and lower rates of hospitalization and 
surgery during 3 and 4 years after treatment ini-
tiation [18].

In the SONIC trial, combination therapy with IFX 
and azathioprine was superior to IFX monotherapy 
(56.8% vs. 44.4%, p=0.02) and azathioprine mono-
therapy (56.8% vs. 30.0%, p＜0.001) in inducing cor-
ticosteroid-free remission at week 26 [27]. This su-
periority was also observed in terms of mucosal heal-
ing at week 26 (43.9% vs. 30.1%, p=0.06; 43.9% vs. 
16.5%, p＜0.001, respectively). Notably, IFX mono-
therapy was also superior to azathioprine mono-
therapy in inducing these two outcomes at week 26 
(44.4% vs. 30.0%, p=0.006; 30.1% vs. 16.5%, p=0.02, 
respectively), indicating the superiority of early bio-
logics over conventional treatment. Recently, the 
REACT study reported that major adverse outcomes, 
defined as the occurrence of surgery, hospital admis-
sion, or serious disease-related complications over a 
2-year period, were significantly lower in patients 
who had received early combined immunosuppression 
with ADL and an immunomodulator than in those 
who had received conventional treatment (27.7% vs. 
35.1%; hazard ratio, 0.73; 95% confidence interval 
[CI], 0.62-0.86; p=0.0003) [28].

Furthermore, studies in adult CD patients have al-
so demonstrated that the efficacy was higher when 
anti-TNF treatment was introduced earlier in the 
disease course [29,30]. A recent post-hoc analysis of 
the SONIC trial revealed higher mucosal healing 
rates in early CD patients compared with their coun-
terparts, among a subgroup of patients receiving 
combination therapy with IFX and azathioprine 

[29]. Another recent post-hoc analysis of the EXTEND 
study reported higher 1-year deep remission rates in 
patients whose disease duration were shorter (33%, 
20%, and 16% in disease durations of ≤2, ＞2-5, and 
＞5 years, respectively) in CD patients who had re-
ceived scheduled ADL treatment [30].

EFFICACY OF EARLY BIOLOGIC 
TREATMENT IN PEDIATRIC CD

Despite the currently limited relevant evidence in 
pediatric CD patients, the available literature sug-
gests that early IFX treatment is also more effective 
when administered earlier in the disease course 
[31,32]. According to a recent retrospective study 
with propensity score analysis, early anti-TNF-α 

monotherapy initiated within 3 months of diagnosis 
was associated with significantly improved clinical 
outcomes, with an estimated 25% absolute improve-
ment compared with early immunomodulator mon-
otherapy [31]. This superiority was also demon-
strated in terms of mucosal healing in our recently 
published study in moderate-to-severe luminal pe-
diatric CD patients, which revealed that mucosal 
healing rates at week 54 from baseline IFX were sig-
nificantly higher in patients who were treated with 
an early combined immunosuppression strategy ini-
tiated within 1 month from diagnosis than in those 
who were stepped up to receive combined immuno-
suppression (74% vs. 42%, p=0.007) [32]. Concerning 
mucosal healing, studies on pediatric CD patients re-
ceiving treatment with anti-TNF agents have shown 
variable mucosal healing rates of 22-42% at 3 months 
to 1 year after treatment initiation [33-35]. Factors 
such as disease duration, previous bowel surgery, 
proportion of patients with inflammatory disease be-
havior, and proportion of patients receiving combi-
nation treatment with an immunomodulator may 
have affected this difference in achieving mucosal 
healing (Table 1) [32-35]. Although it is yet unclear 
what mechanism is responsible for this discrepancy 
in efficacy according to the difference in the timing 
of anti-TNF initiation, factors such as differences in 
inflammatory burden and cytokine profiles between 
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the two stages of disease may play a role [3,36,37].
Restoration of linear growth impairment is an ad-

ditional goal in the treatment of CD among children 
and adolescents [7]. The effectiveness of anti-TNF 
agents in improving linear growth in pediatric CD 
has been reported in several studies [38-40]. Although 
there are limited data about the effect of early an-
ti-TNF treatment on long-term growth restoration, 
the aforementioned study by Walters et al demon-
strated a significant improvement in height in the 
early anti-TNF group, whereas height was not re-
stored in the early immunomodulator group and in 
those who had received neither drug (mean Δ-height 
+0.14 vs. −0.02 vs. −0.06, p=0.039) [31]. Recently, 
we have found that early combined immunosuppres-
sion was superior to step-up therapy in improving 
long-term height z-scores at 3 years after adjusting 
for sex, age at diagnosis, and Tanner stage at diag-
nosis [41]. This difference was also significant in a 
subgroup of patients with Tanner stage 1-2, suggest-
ing that biologics should be considered upfront at di-
agnosis in pediatric CD patients, especially in those 
with remaining growth potential.

Although there are limited data on the effect of 
early biologics on long-term outcomes, we have pre-
viously demonstrated that the relapse-free rates at 3 
years from IFX initiation was significantly higher in 
the top-down combination group than in the step-up 
combination group, although the proportion of pa-
tients who had stopped IFX at 1 year was sig-
nificantly higher in the top-down group [42]. A re-
cent prospective cohort study from Belgium con-
cluded that anti-TNF therapy and accelerated 
step-up therapy in older patients with more severe 
disease leads to beneficial long-term outcomes [43]. 
Another recent large-scale multicenter study that 
derived and validated a risk-stratification model 
based on clinical and serological factors at diagnosis 
concluded that early biologic usage was associated 
with the reduction of intestinal penetrating compli-
cations, and that a novel ileal extracellular matrix 
gene signature was associated with future strictur-
ing complications [44].
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SAFETY OF EARLY BIOLOGIC 
TREATMENT IN PEDIATRIC CD

The occurrence of fatal hepatosplenic T-cell lym-
phomas (HSTCLs) during combination therapy with 
thiopurines has posed a major fear among pediatric 
gastroenterologists. It has been reported that HSTCLs 
tend to occur predominantly in male patients, in 50% 
of patients aged ＜20 years, and in patients who had 
been treated with long-term thiopurines either alone 
or combination with anti-TNF agents [45,46]. Previous 
studies have shown that the risk of developing any 
lymphoma is increased in IBD patients, both those 
receiving thiopurine monotherapy and those receiv-
ing combination therapy with an anti-TNF agent 
[47-49]. Furthermore, a recent systematic analysis 
reported that among pediatric IBD patients, the risk 
for developing lymphoma was not higher in patients 
who received only anti-TNF therapy than in those 
treated with other drugs [50]. However, there are 
currently limited long-term data on the safety of ear-
ly biologic treatment compared with conventional 
step-up biologic treatment in children.

According to a recent large long-term prospective 
cohort study that utilized data from the DEVELOP 
registry in 5,766 pediatric IBD patients with 24,543.0 
patient-years of follow-up, IFX monotherapy was 
not associated with an increased risk of malignancy, 
whereas a trend toward an increased risk of malig-
nancy was observed in thiopurine-exposed patients, 
irrespective of biologic exposure [51]. In this study, 
standardized incidence ratios (SIRs) did not demon-
strate an increased risk of malignancy among pa-
tients exposed to IFX (SIR, 1.69; 95% CI, 0.46-4.32) 
compared with patients not exposed to a biologic 
agent (SIR, 2.17; 95% CI, 0.59-5.56), even when pa-
tients were stratified according to thiopurine exposure. 
Moreover, compared with the SIR for patients with 
ongoing thiopurine exposure or discontinuation of 
therapy within 1 year of a malignancy diagnosis 
(SIR, 4.45; 95% CI, 1.92-8.77), the SIR for those who 
discontinued thiopurine therapy for ≥1 years before 
a malignancy diagnosis (SIR, 1.48; 95% CI, 0.30-4.32) 
was similar to the SIR for the thiopurine non-ex-

posed group (SIR, 1.30; 95% CI, 0.16-4.71), suggest-
ing that discontinuation of thiopurines for ≥1 year 
may reduce the malignancy risk (excluding non-mela-
noma skin cancer). Moreover, they demonstrated 
that thiopurine exposure was also an important 
precedent event for the development of malignancy 
or hemophagocytic lymphohistiocytosis in pediatric 
patients with IBD, based on the observation of five 
cases of hemophagocytic lymphohistiocytosis devel-
opment among patients who had received only 
thiopurines.

Concerning combination therapy in pediatric CD 
patients, the current consensus guideline of the 
European Crohn’s and Colitis Organization (ECCO) 
and the European Society for Pediatric Gastroentero-
logy, Hepatology, and Nutrition (ESPGHAN) on the 
medical management of pediatric CD states that 
concomitant azathioprine may be used during the 
first 6 months of treatment with IFX, mostly extra-
polating data from adult studies [46]. After 6 months, 
stopping azathioprine should be considered espe-
cially in boys, whereas the decision should be indivi-
dualized by weighing the benefits and risks. In this 
manner, the use of low-dose methotrexate may be 
an alternative to azathioprine in combination ther-
apy [52]. Although no significance was observed in 
clinical outcomes between adult CD patients who re-
ceived IFX and methotrexate for combination treat-
ment and those who received IFX only in the COMMIT 
trial, combination treatment resulted in significantly 
higher IFX trough levels and lower anti-drug anti-
bodies to IFX [53]. Further studies are required on 
whether methotrexate could act as an effective and 
safe concomitant medication during treatment with 
biologics. Concerning the risk for developing oppor-
tunistic infections, several studies have demon-
strated that anti-TNF agents, immunomodulators, 
and corticosteroids each pose a risk, and the risk is 
increased when these agents are combined [54-56]. 
Until more evidence is available, a personalized 
strategy weighing the benefits and risks based on 
each patient’s disease phenotype and activity seems 
the best answer for combined immunosuppression.
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WHO SHOULD RECEIVE EARLY 
BIOLOGIC TREATMENT IN PEDIATRIC 
CD?

Risk stratification at diagnosis is crucial in CD in 
order to avoid undertreatment of patients with a 
poor prognosis and overtreatment of patients with a 
favorable prognosis [57]. According to the consensus 
guideline of ECCO/ESPGHAN on the medical man-
agement of pediatric CD, high-risk factors for poor 
outcomes are defined as deep colonic ulcerations on 
endoscopy, persistent severe disease despite ad-
equate induction therapy, extensive disease, marked 
growth retardation, severe osteoporosis, stricturing 
and penetrating disease at onset, and severe perianal 
disease [46]. Adult studies have previously demon-
strated that age at diagnosis ＜40 years, complicat-
ing disease with intestinal strictures or fistulas, ex-
tensive intestinal involvement, perianal disease, and 
smoking are risk factors for a complicated or dis-
abling disease course [58-63]. Serologic markers, 
such as antibodies to Saccharomyces cerevisiae, CD-re-
lated bacterial sequence I2, Escherichia coli outer 
membrane porin C, and CBir1 flagellin and genetic 
factors, such as NOD2, IL23R, JAK2, TNFS15, and 
PRDM1, have been shown to be associated with a 
complicated disease course [64-66].

In an attempt to facilitate individualized risk strat-
ification, a recent study developed a predictive model 
using system dynamic analysis of prospective clinical 
and serologic data of 796 patients [67]. In this study, 
among patients possessing the highest risk for devel-
oping complications, corticosteroid use hastened the 
time to complication, whereas anti-TNF-α use within 
3 months reduced the absolute risk of complications 
by 75%, and immunomodulators reduced the risk by 
approximately 25%. However, a significant risk re-
duction advantage of biologics over immunomo-
dulators was not observed in patients with a low risk 
for complications. It is noteworthy that not all pa-
tients may require a biologic to alter their natural 
history of CD [68]. Future randomized clinical trials 
investigating the benefit and risk of current thera-
pies including biologics by stratifying patients ac-

cording to the presence or absence of individual risk 
factors for a complicated or disabling disease course 
may answer the question of who will most benefit 
from early biologic treatment, as well as the question 
of who will not need early or even any biologics.

Until these questions are answered, it seems that 
early top-down biologics should be considered for 
those with currently known high-risk factors for 
poor outcomes in accordance with the ECCO/ES-
PGHAN guideline on the medical management of 
pediatric CD [46]. For those without high-risk fac-
tors, exclusive enteral nutrition should be the pri-
mary choice of treatment if tolerable, also in accord-
ance with the ECCO/ESPGHAN guideline. 

The treatment protocol for pediatric CD in the cur-
rent ECCO/ESPGHAN guideline is primarily based 
on a step-up strategy in which treatment is escalated 
when symptoms persist. Although the treatment 
protocol is swift in stepping-up treatment in patients 
with persisting symptoms, patients in clinical re-
mission induced by a certain therapeutic agent are 
likely to maintain their current treatment until 
symptoms relapse in the future. For example, some 
patients may stay clinically well for a certain period 
with no symptoms after induction of exclusive enteral 
nutrition and maintenance with immunomodulators. 
Despite the absence of symptoms, mucosal inflam-
mation and ulcers may persist in some patients and, 
consequently, bowel damage may gradually progress. 
Therefore, a conventional step-up strategy based on 
clinical symptoms is not enough to catch the ther-
apeutic window of opportunity, and a treat-to-target 
strategy is definitely required, especially in patients 
who do not possess high-risk factors for a disabling 
course at diagnosis and are in clinical remission. The 
main principles of the treat-to-target strategy are 
based on regularly assessing disease activity by using 
validated outcome measures and subsequently ad-
justing treatment when inflammatory disease activ-
ity persists, which is based on a protocol in which 
treatment consequences and targets are specified in 
advance [57]. Thus, making the initial treatment de-
cision according to risk stratification and close ob-
jective monitoring, and hastening the step-up proc-
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Fig. 1. Application of early biologic treatment strategies into current guidelines based on a treat-to-target methodology. FC: fecal 
calprotectin, CRP: C-reactive protein.

ess by using a treat-to-target strategy seem the best 
ways to catch the therapeutic window in early pedia-
tric CD. 

Meanwhile, objective monitoring may be rather 
difficult to perform in the pediatric population when 
mucosal healing is the target and when endoscopic 
evaluation is recommended at 6-9 months from di-
agnosis [69]. Although biomarker remission, such as 
normalization of C-reactive protein (CRP) and fecal 
calprotectin (FC), is recommended as an adjunctive 
target in adults [69], it should be considered an alter-
native target of endoscopic remission in children, on 
account of the infeasibility of frequent and repetitive 
ileocolonoscopy in this age group (Fig. 1) [46]. This is 
supported by a recent study proposing a composite of 
normalized Pediatric Crohn’s Disease Activity Index, 
CRP, and FC ＜500 μg/g as the noninvasive end point 
for treatment response in pediatric CD [70]. Future 
studies on novel biomarkers or composite scores to 
better predict mucosal healing could possibly sub-
stitute short-term endoscopic evaluation between 
regular annual or biennial examinations.

CONCLUSION

Early biologic treatment is effective for pediatric 
CD patients. However, this does not mean that all pe-
diatric CD patients should start biologics upfront 
from diagnosis, as not all patients will require bio-
logics during their disease course. Early biologics 
should be considered in patients possessing poten-
tial risks for developing a progressive and disabling 
disease course. For the rest, a treat-to-target ap-
proach by means of close objective monitoring and 
accelerating the step-up process seems to be the best 
way to catch the therapeutic window in early pedia-
tric CD. Considering the infeasibility of repetitive 
and frequent endoscopic examinations in children, 
biomarker remission, including normalization of FC 
and CRP, should be considered an alternative target 
of endoscopic remission. Studies stratifying patients 
into those who will benefit most and those who will 
benefit least from early treatment with biologics are 
required in the future. Concerning early combina-
tion therapy, individualized treatment based on the 
benefits and risks in each patient is more crucial, 
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considering the increased risk of malignancy and se-
rious infections associated with thiopurine use. Most 
importantly, a thorough explanation of the pros and 
cons of each treatment and treatment strategy 
should be provided to each patient and guardian, 
and the final decision should be based on full 
consensus.
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