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ABSTRACT 

Background: Biologic medications are recommended for treatment of 
moderately-to-severely active Crohn disease (CD) or ulcerative colitis 
(UC) in children. However, many patients require sequential biologic 
treatment because of nonresponse or loss of response to the initial bio-
logic.
Methods: We analyzed pediatric inflammatory bowel disease (IBD) 
data from the ImproveCareNow Network registry between May 2006 
and September 2016, including time to biologic initiation, choice of 
first subsequent biologics, biologic durability, and reasons for discon-
tinuation.
Results: Of 17,649 patients with IBD [CD: 12,410 (70%); UC: 5239 
(30%)], 7585 (43%) were treated with a biologic agent before age 18 
(CD: 50%; UC: 25%). Biologic treatment was more likely for CD than 
UC (odds ratio, 3.0; 95% CI: 2.8–3.2; P < 0.0001). First biologic agents 
for all patients were anti-tumor necrosis factor agents (88% infliximab, 
12% adalimumab). Probability of remaining on the first biologic was 
significantly higher in CD than UC (P < 0.0001). First biologics were 
discontinued because of loss of response (39%), intolerance (23%), and 
nonresponse (19%). In univariate analysis, factors associated with dis-
continuation of first and/or second biologics in CD include colonic-only 
disease, corticosteroid use, upper gastrointestinal tract involvement, and 
clinical and biochemical markers of severe disease. Biologic durability 
improved with later induction date.
Conclusions: Treatment with biologic medications is common in pediatric 
IBD. Patients with CD are more likely to receive biologics, receive biolog-
ics earlier in disease course, and remain on the first biologic longer than 
patients with UC. Multiple factors may predict biologic durability in chil-
dren with IBD.

Key Words: Crohn disease, persistence, real-world evidence, ulcerative 
colitis

(JPGN 2023;76: 567–575)

Biologic treatment is recommended for pediatric patients with 
moderately-to-severely active Crohn disease (CD) or ulcer-

ative colitis (UC) (1,2). Several biologic agents are indicated for 
treatment of children with CD or UC (1,3–9) and biologic therapies 
indicated for adults are also used off-label to treat pediatric patients 
(1,3,10), including children aged <6 years (11).

While biologic therapies are effective in inducing and 
maintaining remission in children with inflammatory bowel 
disease (IBD) (12,13), some children do not respond or lose 
response (10) and require sequential biologic treatment. In pedi-
atric CD trials, 12%–18% of children did not respond to anti-
tumor necrosis factor (anti-TNF) agents following induction 
(12,13); of those who did, 19%–49% lost response in the first 
year of therapy (12). However, in small retrospective single-cen-
ter studies, the durability of an anti-TNF agent in pediatric IBD 
was >50% after 3 years (14). Patterns of initial and subsequent 
biologic use and durability in real-world pediatric IBD cohorts 
are not well known.

ImproveCareNow (ICN) is an international pediatric IBD 
quality improvement and research network with >100 participat-
ing centers and approximately 30,000 patients (15,16). ICN centers 
range from the largest children’s hospitals to small office-based clin-
ics. ICN center patients and their guardians have the option to con-
sent to use their ICN registry data for research. We examined data 
from this large pediatric IBD cohort to determine frequency and 
patterns of biologic medication use, durability, and risk factors for 
discontinuation.

METHODS

Study Design
In this retrospective, multicenter, observational cohort 

study, we analyzed ICN pediatric IBD registry data from clinical 
care visits between May 2006 and September 2016 (study period). 
Diagnoses were based on clinical, radiographic, endoscopic, and 
pathologic abnormalities. Disease severity was determined by 
Physician Global Assessment and short Pediatric Crohn’s Disease 
Activity Index (sPCDAI) or Pediatric Ulcerative Colitis Activity 
Index (17,18).

We examined 3 patient cohorts: the Full Cohort, the 
Biologic Inception Cohort, and the Discontinuation Cohort. 
The Full Cohort included patients diagnosed with CD or UC 
(not IBD-unclassified) before age 18 who enrolled in ICN and 
consented to their data being used for research purposes. Data 
for this cohort were obtained from the ICN registry database. 
The follow-up period for the Full Cohort was from enroll-
ment to last visit, or September 9, 2016, whichever was ear-
lier. The Biologic Inception Cohort was a subgroup of the Full 
Cohort who received their first biologic dose after enrollment 
into ICN and before age 18. The Discontinuation Cohort was 
a subgroup of the Biologic Inception Cohort whose biologic 
discontinuation status was known and who had a clinic visit 
≤60 days before biologic initiation. For the Biologic Incep-
tion and Discontinuation Cohorts, follow-up was from first 
biologic initiation to last visit, or September 9, 2016, which-
ever was earlier. Additional data for the Biologic Inception 
and Discontinuation Cohorts were obtained by patient medical 
record review at ICN sites. To assess potential differences in 
biologic discontinuation over the duration of the study, patients 
were divided into 2 groups by first biologic initiation date 
(Group 1: on or before June 2013; Group 2: July 2013–Febru-
ary 2015) for some analyses, allowing at least 18 months of  
follow-up.

Statistical Analysis
Demographics, basic disease characteristics, and exposure 

to biologics (≥1 dose of infliximab, adalimumab, certolizumab 
pegol, golimumab, natalizumab, ustekinumab, or vedolizumab) 
were summarized for all 3 cohorts using descriptive statistics. For 

What Is Known

 • Biologic agents are safe and effective treatments for 
pediatric patients with inflammatory bowel disease.

 • Some patients do not respond or lose response to 
the initial biologic and require sequential biologic 
treatment.

What Is New

 • Pediatric patients with Crohn disease (CD) are 
treated with biologic therapies more frequently and 
earlier in the disease course than those with ulcer-
ative colitis (UC).

 • Primary nonresponse to the first biologic agent is 
more common in UC than in CD.

 • Risk factors for biologic discontinuation in CD may 
include colonic-only disease location, corticosteroid 
use, and markers of more severe disease.
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the Biologic Inception Cohort, we analyzed time from IBD diag-
nosis to first biologic dose, treatment duration (durability) of first 
biologic agent, choice of first and subsequent biologics, and discon-
tinuation reasons.

Associations between categorical variables and disease 
diagnosis were evaluated using an exact Chi-square test. Bio-
logic agent continuation was estimated using Kaplan-Meier 
analysis. Log-rank testing was used to compare time to bio-
logic discontinuation between disease groups. Factors associ-
ated with discontinuation of initial and subsequent biologics 
and time-to-discontinuation were assessed by Cox regression 
analysis (univariate and multivariable models). Sample sizes 
for each analysis varied because of missing data. We limited 
the analysis in the Discontinuation Cohort to patients treated 
with adalimumab or infliximab because only 0.2% were treated 
with other biologics. Proportional hazards assumptions were 
checked using the supremum test. When a significant interac-
tion between a predictor and biologic agent was identified, haz-
ard ratios (HRs) and P values for the predictor for each biologic 
were reported.

The ICN registry does not collect data on medications dis-
continued before enrollment. Therefore, some patients in the Full 
Cohort categorized as never exposed to biologics may have initiated 
and discontinued biologics prior to ICN registration. The rate of 
false-negative biologic exposures was estimated using the Clopper-
Pearson exact method (19) by chart review of a random sample of 
Full Cohort patients.

Ethics
The study was approved by the institutional review boards of 

all participating sites and the ICN Research Committee.

RESULTS

Model Assumptions
No violations in the proportional hazards assumptions of the 

model were found using the supremum test.

Patient Demographics and Disease 
Characteristics

The Full Cohort included 17,649 patients (Figure, Supple-
mental Digital Content 1, http://links.lww.com/MPG/D78), 12,410 
(70%) with CD and 5239 (30%) with UC. Over half the patients 
(53%) were diagnosed with IBD between ages 12 and 18; 9% were 
diagnosed before age 6 (Table, Supplemental Digital Content 2, 
http://links.lww.com/MPG/D79). Median follow-up for the Full 
Cohort was 1.68 years (IQR 0.67–3.15).

Of 1029 patients in the Biologic Inception Cohort, 
809 (79%) had CD and 220 (21%) had UC. Of 846 patients 
in the Discontinuation Cohort, 678 (80%) had CD and 168 
(20%) had UC. Median follow-up after f irst biologic initiation 
was 1.65 years (IQR 0.99–2.66) and 1.69 years (IQR 1.02–
2.72) for Biologic Inception and Discontinuation Cohorts,  
respectively.

Biologic Use
In the Full Cohort, 43% of all IBD patients were treated with 

a biologic before age 18 (Table, Supplemental Digital Content 2, 
http://links.lww.com/MPG/D79) including 50% of CD and 25% 
of UC patients. CD patients were more likely to receive biologic 
treatment than UC patients (odds ratio  3.0; 95% CI: 2.8–3.2; P < 
0.0001).

Use and Durability of Biologic Treatment
In the Biologic Inception Cohort (n = 1029), the first bio-

logic used was an anti-TNF in all cases (88% infliximab, 12% 
adalimumab). Median time from diagnosis to biologic initiation 
was shorter in CD than in UC (325 vs 423 days, P = 0.004) 
(Table, Supplemental Digital Content 3, http://links.lww.com/
MPG/D80). The probability of remaining on the first biologic 
was significantly higher in CD patients than in UC patients: 0.93 
versus 0.84 at 6 months, 0.85 versus 0.75 at 12 months, 0.79 
versus 0.66 at 24 months, and 0.74 versus 0.55 at 36 months; P 
< 0.0001 (Fig. 1). IBD and CD patients who started their first 
biologic during or after July 2013 had significantly lower rates 
of biologic discontinuation at 18 months than those who started 
biologics before July 2013 (IBD: 19.6% vs 27.4%, P = 0.03; 
CD: 15.8% vs 25.2%, P = 0.016) (Figure 2 and Table, Supple-
mental Digital Content 4, http://links.lww.com/MPG/D81). This 
discontinuation difference between early versus later induction 
date was not seen in the UC cohort. For the IBD cohort, the 
most common reasons for discontinuation of the first biologic 
were secondary loss of response (39%), intolerance (23%), and 
primary nonresponse (19%). Primary nonresponse was a more 
common reason for discontinuation in UC patients than CD 
patients (29% vs 15%) In the Biologic Inception Cohort, 17%, 
2%, and 0.6% of patients were treated with at least 2, 3, or 4 
biologics, respectively (Table, Supplemental Digital Content 3, 
http://links.lww.com/MPG/D80), over median follow-up of 1.65 
years (IQR 0.99–2.66). The second biologic was often a second 
anti-TNF (95%); vedolizumab was the second or third biologic 
in 5% and 38% of patients, respectively (Table, Supplemental 
Digital Content 3, http://links.lww.com/MPG/D80). When used 
as the second or third biologic, anti-TNFs were discontinued 
by 26% (44/167) or 40% (6/15) of patients, respectively, versus 
13% (1/8; P = 0.54) or 11% (1/9; P = 0.17) of vedolizumab 
patients.

Primary nonresponse to the first anti-TNF occurred in 
4.3% (44/1029) of all IBD patients (3.0% of CD patients; 9.1% 
of UC patients). Primary nonresponse to the second anti-TNF 
was 5.1% in IBD patients (5.3% of CD patients; 4.6% of UC 
patients), regardless of reason for discontinuation of the first 
biologic.

Risks for First Biologic Discontinuation
Among the Discontinuation Cohort (CD and UC; n = 846), 

the first biologic was infliximab in 757 (89%) patients and adalim-
umab in 89 patients (11%). Patients not receiving systemic corti-
costeroids when the first biologic was initiated were less likely to 
discontinue the first biologic versus those receiving corticosteroids 
[HR 0.73 (95% CI: 0.55–0.96; P = 0.025)] (Table 1). The durabil-
ity of the first biologic was not affected by time from diagnosis to 
biologic initiation, C-reactive protein (CRP), body mass index, or 
concomitant immunomodulator use within 6 months after biologic 
initiation (Table 1).

Of 678 Discontinuation Cohort patients with CD, the 
first biologic was infliximab for 600 (88%) patients and adali-
mumab for 78 (12%) patients; 85%, 79%, and 74% remained 
on their first biologic for 12, 24, and 36 months, respectively. 
In univariate analysis, risk of first biologic discontinuation was 
significantly higher with colonic-only disease at diagnosis than 
ileocolonic disease [HR 1.94 (95% CI: 1.28–2.94, P = 0.004)] 
(Table  2). Similar to the entire IBD Discontinuation Cohort, 
CD patients receiving corticosteroids upon first biologic initia-
tion were more likely to discontinue than patients not receiving 
corticosteroids (P = 0.017) (Table 2). Higher sPCDAI scores at 

http://links.lww.com/MPG/D78
http://links.lww.com/MPG/D79
http://links.lww.com/MPG/D79
http://links.lww.com/MPG/D80
http://links.lww.com/MPG/D80
http://links.lww.com/MPG/D81
http://links.lww.com/MPG/D80
http://links.lww.com/MPG/D80
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biologic initiation were also a risk factor for discontinuation [HR 
1.011 for each additional sPCDAI unit (95% CI: 1.001–1.022, 
P = 0.032)]. None of these variables remained statistically sig-
nificant in multivariable analysis. Durability of the first biologic 
in CD was not influenced by the presence of perianal disease or 
disease phenotype (inflammatory vs penetrating and/or strictur-
ing disease).

Among the 168 Discontinuation Cohort patients with UC, 
the first biologic was infliximab for 157 (93%) and adalimumab for 
11 (7%) patients; 75%, 66%, and 55% remained on the first bio-
logic for 12, 24, and 36 months, respectively. Corticosteroid treat-
ment, disease duration, and extent of disease (pancolitis vs other) 
at biologic initiation did not affect first biologic discontinuation in 
patients with UC (Table, Supplemental Digital Content 3, http://
links.lww.com/MPG/D80).

Risks for Second Biologic Discontinuation
In the Discontinuation Cohort (CD and UC), 119 

patients received a second biologic [18 (15%) infliximab; 101 
(85%) adalimumab]. In univariate analysis, elevated CRP con-
centrations at second biologic initiation were associated with 
an almost 4 times higher risk of discontinuation than CRP 
concentrations in the normal range [HR 3.97 (95% CI: 1.30–
12.14, P = 0.016)] (Table  1). Each additional unit above the 

CRP upper limit of normal was associated with a significant 
increased risk of second biologic discontinuation [HR 1.10 
(95% CI: 1.01−1.20, P = 0.029)]. Higher albumin and hema-
tocrit at second biologic initiation were both associated with 
reduced risk of biologic discontinuation [HR 0.42 per addi-
tional unit of albumin (95% CI: 0.22–0.790, P = 0.007) and 
0.87 per additional unit of hematocrit (95% CI: 0.77–0.99, P = 
0.035), respectively] (Table 1).

Ninety-two (14%) Discontinuation Cohort CD patients 
received a second biologic; of these 13 (14%) received inflix-
imab and 79 (86%) received adalimumab. Risk of second biologic 
discontinuation was greater for CD patients with elevated CRP 
concentrations at biologic initiation than with normal concentra-
tions [HR 3.33 (95% CI: 1.05–10.55, P = 0.041)] (Table 2). CD 
patients without macroscopic proximal upper gastrointestinal (GI) 
tract involvement at biologic initiation were less likely to discon-
tinue second biologic treatment [HR 0.31 (95% CI: 0.11–0.89, 
P = 0.029)], although proximal upper GI tract disease was not 
shown to be a risk factor for first biologic discontinuation. As with 
the full IBD Discontinuation Cohort, higher albumin and hemato-
crit at biologic initiation were both associated with reduced risk of a 
second biologic discontinuation in CD patients [HR 0.37 (95% CI: 
0.18–0.75, P = 0.006) and 0.86 (95% CI: 0.74–0.99, P = 0.032)] 
(Table 2). None of these variables remained statistically significant 
in multivariable analysis.

Of 27 Discontinuation Cohort UC patients who received 
a second biologic, 5 (19%) received infliximab and 22 (81%) 
received adalimumab. For these patients, none of the examined fac-
tors were associated with an increased risk of second biologic dis-
continuation (Table, Supplemental Digital Content 5, http://links.
lww.com/MPG/D82).

DISCUSSION
In this large real-world cohort study of more than 17,000 

pediatric patients with IBD, 50% of children with CD and 25% 
with UC were treated with biologic therapy before age 18. Bio-
logic therapy was used significantly earlier in the disease course 
and was more durable in CD patients than UC patients. Sequen-
tial use of biologics during a median follow-up of 1.65 years 
occurred in 17% of children with IBD who initiated biologic 
treatment.

Sequential anti-TNF therapy (infliximab followed by adali-
mumab or vice-versa) was the most common use pattern. Biologic 
therapies other than anti-TNFs were rarely used. However, dur-
ing the study period, neither ustekinumab nor tofacitinib had been 
approved for use in adult or pediatric IBD, and vedolizumab was 
approved for use in adults with IBD toward the end of the study 
period.

In univariate analysis, we found several risk factors for 
biologic discontinuation. For CD, patients receiving corticoste-
roids at first biologic initiation were more likely to discontinue 
than those not treated with corticosteroids, possibly because 
corticosteroid use is a marker for more severe and/or refractory 
disease. Other markers of severe disease, such as higher sPCDAI 
scores, higher CRP, and low albumin and hematocrit, were also 
risk factors for discontinuation. However, none of these factors 
remained statistically significant in multivariable analysis. The 
first biologic was less durable in CD patients with colonic-only 
disease than patients with ileocolonic disease, contrary to find-
ings in adults (20). In the Biologic Inception Cohort, the proba-
bilities of remaining on the first biologic for CD (0.79 and 0.74 at 
24 and 36 months, respectively) are consistent with results from 
a systematic review of real-world studies on pediatric luminal 

FIGURE 1. Kaplan-Meier analysis of continuation of first biologic 
agent over time in the Biologic Inception Cohort by IBD diagnosis 
(CD, n = 772; UC, n = 206); 51 patients were excluded because of 
missing time or discontinuation status. CD = Crohn disease; IBD = 
inflammatory bowel disease; UC = ulcerative colitis.

http://links.lww.com/MPG/D80
http://links.lww.com/MPG/D80
http://links.lww.com/MPG/D82
http://links.lww.com/MPG/D82
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CD that reported 67%–91% and 61%–85% of patients remained 
on infliximab at 2 and 3 years, respectively, while 50%–79% and 
79% remained on adalimumab at 2 and 3 years (14), respectively. 
Another review of pediatric CD reported that the likelihood of 
remaining on infliximab at 2 and 3 years was 78% and 67%, 
respectively (21).

In clinical practice, pediatric IBD patients discontinued 
biologics because of loss of response, poor initial response, 
immunogenicity, and personal choice (21–25). Pediatric UC 
treatment guidelines indicate that immunogenicity and lack of 
response are key reasons for switching biologic treatments (3). 
Similar reasons for discontinuation were observed in our analy-
ses. Biologic response is associated with serum drug concen-
tration (14). Lack of response to therapy among children with 
IBD often results from low serum drug concentrations or drug 
immunogenicity (26,27). Although we did not capture therapeu-
tic drug monitoring (TDM) data, we did find that IBD and CD 
patients who started on first biologic therapy before July 2013 
were more likely to discontinue 18 months after initiation than 
patients who started initial biologic therapy after July 2013. This 
observation may be due to changes in clinical practice over the 
course of the study, likely including increased clinician com-
fort with higher biologic dosing strategies and increasing use 
of TDM.

Concomitant immunomodulator use decreases immuno-
genicity of anti-TNFs in adults with IBD and it is recommended 
to allow patients who experience mild immunogenicity to con-
tinue their course of anti-TNF treatment (3). In 2 observational 
studies of anti-TNF use among pediatric patients with IBD and 
CD, 79% and 90%, respectively, of participants also received 
immunomodulator treatment (21,25). Immunomodulator use has 
been associated with increased durability of anti-TNFs in chil-
dren (14). We did not find that concomitant immunomodulator 
use prolonged biologic durability, although we defined immu-
nomodulator use broadly as documentation of ≥1 dose in the 6 
months following biologic initiation; thus, we may have overes-
timated persistent use.

Limitations
Data collection occurred only at US sites, which limits 

generalizability of these findings to countries or regions where 
access to biologic therapy is limited or thresholds for biologic 
initiation are significantly different. This study evaluated bio-
logic durability, not biologic efficacy. In real-world practice, 
patients may be continued on ineffective medications if no 

superior alternative exists. Thus, although there is correlation 
between durability and efficacy, we cannot draw full conclu-
sions about biologic effectiveness from these data. Although 
patient data prior to ICN enrollment were not available for the 
Full Cohort, a random sample analysis estimated that approxi-
mately 9% of patients had previous biologic treatment not listed 
in the registry. Thus, biologic exposure in the Full Cohort was 
likely even higher than what we report. In addition, information 
on indications for biologic initiation and reasons for selection 
of specific first and subsequent agents was limited. Biologic 
dosing higher than FDA-approved doses is frequently used in 
clinical practice and can affect response and durability, but dos-
ing was not known in most cases so it was not evaluated in this 
study. Serum concentrations of biologic drugs and anti-drug 
antibodies were not analyzed in this study, as TDM was not 
commonly performed during the study period. Drug concentra-
tions and anti-drug antibodies play a role in biologic discon-
tinuation and choice for subsequent treatment in the clinical 
setting, and evaluating their role would have provided impor-
tant information. Finally, the treatment landscape has changed 
since conclusion of the data collection period. No new treat-
ments have been approved for pediatric CD and UC apart from 
adalimumab (UC) and infliximab and adalimumab biosimi-
lars, but ustekinumab, tofacitinib, and upadacitinib have been 
approved for adults with IBD. Vedolizumab was not available 
until later in the study period. More experience has now been 
gained with off-label use of biologic therapies in children, and 
use of advanced therapies beyond anti-TNFs for children has 
increased. Therefore, the frequency, duration, and patterns of 
biologic use reported here may not completely reflect current 
trends of biologic use.

CONCLUSIONS
Pediatric patients with CD are treated more frequently 

with biologics, are treated with biologics earlier in the disease 
course, and remain on their first biologic therapy longer than 
those with UC. While loss of response was the most common 
reason for discontinuation in both CD and UC, primary nonre-
sponse was more common in UC. As of 2016, more than half 
of children with CD and more than one-quarter of children with 
UC in the ICN registry had been treated with 1 or more biologics 
before age 18. Likely, even more children with IBD are receiving 
treatment with biologics now, including both anti-TNF and non-
anti-TNF therapies.

FIGURE 2. Kaplan-Meier curves of discontinuation of first biologic by 18 months in 2 induction periods by diagnosis. Left: IBD cohort (log-
rank test P = 0.03); middle: CD cohort (log-rank test P = 0.016); right: UC cohort (log-rank test P = 0.25). CD = Crohn disease; IBD = inflam-
matory bowel disease; UC = ulcerative colitis.
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Factors associated with discontinuation of first and/or sec-
ond biologics in CD included surrogate markers of more severe 
disease at biologic treatment initiation including corticosteroid 
use, higher sPCDAI score, elevated CRP, lower albumin levels, 
and anemia. Colonic-only CD was associated with first biologic 
discontinuation, and proximal upper GI tract involvement was 
associated with second biologic discontinuation in CD. While pro-
spective studies are needed to confirm these findings, these clini-
cal factors should be considered when starting biologic therapy in 
children with IBD.
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