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Biologics in Pediatric-onset IBD

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)

iologic 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.

WWWw.jpgn.org

What Is Known

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

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

What Is New

e 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).

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

e Risk factors for biologic discontinuation in CD may
include colonic-only disease location, corticosteroid
use, and markers of more severe disease.

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
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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 first 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).

568

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/D&80). 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/DS81). 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 sPCDALI scores at

WWWw.jpgn.org
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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.

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/D&80).

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

WWWw.jpgn.org

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.
Iww.com/MPG/DS2).

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 sSPCDAI
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
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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.

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
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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.

WWWw.jpgn.org



Biologics in Pediatric-onset IBD

JPGN < Volume 76, Number 5, May 2023

‘reurtou Jo iy Jaddn = N 01l UONRIUSWIPIS JA00IYIAID = YSH ‘U1)0id 9ANIRAI-D) = JYD XOpul ssewl Apoq = [INF 'Son[eA 4 JueoyrusSs A[[eonsne)s sajesrpul )x9) pjog

15€0°0  (066°0-S9L°0) 0L8°0 €L 62€€0 (610 T-L6°0) 7860 629 U JLID0JLWAY [EUONIPPE [OrH uonenIur d130701q J& JLIO0JEWAH
J1un 9)el UoNBIUIWIPIS
w80 (9€0°1-986°0) 110'1 19 16110 (€10 T-666°0) 900'1 LS a1Ko01iA10 TRUONIPPE YORH uonenIur 9130[01q 1€ YSH
6900°0  (98L°0-02T°0) 910 L L€88°0  (TOET-9€L°0) 6L6°0 209 JTun urwnqye [eUonIppe Yoeg uonenIuI 9150[01q Je UILNq[y
995€'0  (9VTH+65°0) 88S°1 201 vLE6'0  (0¥9'T—€£9°0) 6101 19L Jor[g-uou SA yor[g ey
uonenIur o130[01q
70650 (£¥8°T-155°0) 1ST1 €11 8r20'0  (096'0—L¥S°0) STLO b8 524 SA ON 1e a3esn suojostupard-[Ayiow 10 SUOSIUPAI]
(62L°0-090°0) 0120 (898'7-819°0) 1€€'1 9I9A3S SA JUAISAM()
(PES T-€9T1°0) 1050 (¢6%'1-8L9°0) 900'1 Q)EIOPOW SA JUIISIIN)
(8%€THLT0) 2080 (F6TT-L10'T) LTS'T PIIW SA JuUS2SAINQ)
(L8TT-9€1°0) 61%°0 (€¥L'T-8€9°0) €Te'l 9I9AS SA 2JRIOPOIN
(0LL'0-680°0) 7920 (618'1-81+70) 7L8°0 210438 SA PIIA
80500 (985'1-9+T°0) ¥29°0 901 89500  (£16°0-SL¥0) 659°0 128 )EIOPOW SA P[IJN  UOHEIIUT OIS0[0Iq JE JUSWISSASSY [BQO[D) URIOTSAY
LI6¥0  (8SL'T-60€°0) LELO €8 L0€T0  (816'1-558°0) 08T'1 LT9 S04 A ON UONEHIUT O150[01q JE ASEISIP [EUBLIO]
o130101q durjeseq 3sod
01120  (TI€'1-26T°0) 6190 LOT zes1o  (149°'1-526°0) €T 8T8 SOASAON  SYUOW 9 JSIY oY} UIYIM SSN JOJR[NpOLLOUnUI]
€090°0  (6£0°T-€91°0) (4840 L 87S9'0  (S8L'1-969°0) PITT 209 5K sA ON uonenur 9130[01q Je erwduIngeodAy
86610 (6LLT1-L6S°0) 59T 69 ¥8I1°0  (00%'€-1L8°0) 1Ll 8¢ oruedsIH-uou sA dtuedsry Aprugg
uonenut
SLETO0 (299 1-621°0) €910 19 L9€€0  (861'1-685°0) 0780 TLS PRJLAJ[ SA [RULION 9150[01q J& )21 UONEIUIWIPAS d}K00IYIAIH
NN
€620°0  (S61°1-600'1) 860°1 S €660 (190 1-786°0) 1201 615  d¥D 01 9ADE[AI JIUN [RUONIPPE Yok AFUBI N'T() O SAIE[AI UOHENIUL J150[01q & J YD
85100  (TLL'0-780°0) 5T0 29 S655°0  (£9S°1-68L0) 80T°T 619 PoJLAR[9 SA [EULION uonenIur 9130[01q Je JYD
§969°0 (187" 1-69L°0) L90'T 801 26170 (€0T1-856°0) vL0'1 r€8 1Iun 91098 Z [N [BUOLIPPE YoB uoneniur o150[01q Je 01098 Z [N
(686'7-885°0) STe'l (16%°'1-66L°0) 0601 OW Z[< SAOW 7] 0} ¢
(196'7-582°0) 6160 (00t 1-L+9°0) 156°0 ow Z[< SA OW ¢ 0} )
Ss1L0  (STI'T92T0) ¥69°0 001 689L°0  (SOET-7850) TL8°0 8 Ouw [ 0} ¢ SA OW ¢ 0} () 0150[01q 181y JO }Ie)S O} SISOUTLIP WOy S,
09600  (EPT'T-+61°0) 0LY'0 €L 68LE0  (881°1-5£9°0) 698°0 679 SOA SA ON uonenIul 9150[01q JE BIWoUY
sisougerp
1L5€°0  (950'1-658°0) £56°0 €1l 02950 (0€0'T-L¥6°0) 886°0 18 1e 03k Jo 180k [EUOLIPPE YOBY sisougerp je 98y
uonenur o150[01q
S08€0  (S90 1-L¥8°0) 056°0 €1l v668°0  (TSO'T-LS6°0) €001 vh8 1e 03k Jo 1eak [EUOBIPPE YoBY uoneniur o150[01q Je 98y
anfeA 4 1D %S6 onelr prezey N anfeA 4 1D %S6 orjelr prezey N JUSWIAINSBIA 10)08] Sy

juage 0130]01q PuOdAS

juage o130101q ISIL]

(sisA|eue d3elIRAIUN) 3OYOD UO[RRNUIIUODSIP ||BJIAO 3Y} Ul syuabe d160[01q JO UOI}eNUIIUODSIP 104 S10308) 3SIiy

‘L 31avl

Downloaded from http://journals.lww.com/jpgn by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMiOhCywCX1AW

nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1yOabggQZXdgGj2MwlIZLel= on 04/28/2023

571

WWWw.jpgn.org



JPGN « Volume 76, Number 5, May 2023

Kaplan et al

(ponuyuo))
87850 (016'T-91€°0) LLLO 8 L1TT0  (LT6'T-658°0) 98T'1 €79 S04 SA ON uonenIuI 9150[01q J& ASEISIP [EUBLID]
(08€°LT-+LT0) 181°C (829°6—181°1) 8LST OIUO[0J09[I SA QUON
(189+€-€82°0) SETE (Y0T+-08L°0) 1181 AJuo [ea[t sA oUON
(911°¥1-002°0) 789'1 (€10°¢-L8S"0) 0€€’l A[u0-01U0[0d SA QUON

(9€T°€-051°0) 969°0 (SLTT-168°0) €Tl OIU0[0209]T SA A[UO €3]]

(€£9°7-801°0) 9€5°0 (9T 1-€€7°0) YEL'O AJuo-o1u0[00 $A AJU0 [EI]] a -
L69L0  (S¥9E-19+°0) L6T'T LL 07000  (6£6'T6LTT) 6€6'1 8€9 OIUO[0202]T SA A[UO-OIUO[O))  10MO[ O1d00SOIOBU — SISOUSEIP JE OSLASIP JO JUAIXY

o_woﬁos auIaseq
01050 (8L T—€TE0) 6¥L0 €8 1520 (0TL'1-088°0) 0€T'T €99 SOA SA ON  3s0d syyuour 9 ISI AU} UTPIM dSN JO)R[APOOUNTIU]
€€L00  ($60'1-LEL0) L8E0 s 92260 (199'1-€L5°0) 9L6°0 €Ly 34 sA ON uonenIul 9150[01q 1 erwourwmgeodAH
ap — rewrxoid 1addn
76200 (888°0-L01°0) 80€°0 L L89%'0  (€S8'T-€5L0) 181°1 ¥0S soA sA 0N 91d09soIoBU — UONENIUT O1F0[0Iq JE ASEISIP JO JUBIXE
o — resip 1oddn
L10€0  (SSO'L—9tS0) 796'1 89 ¥9250  (6£F'1-16¥°0) 178°0 8SY soA sA 0N 91d09soIoBU — UONENIUT O1F0[0Iq 18 ASEISIP JO JUBIXE
- - (00£'8-0L0°T) 086'C IUOJ0I0I]T SA SUON
- - (Z8%'8-9160) 88LC AJuo [eafr sa duoN
- - (1%$'$-L19°0) 6¥8'1 AJu0-0TU0[00 SA QUON

(92F'+—€L0°0) 695°0 (876 1-L8S"0) 690'1 OIUOJO200]I SA AJUO [E3[]

(L8TT-1£0°0) S92°0 (65€' T-+2€0) £€99°0 AJuo-01u0[0d SA AJuo [ed[] A - 1omo]
€65t'0  (681°9—+bL0) SPIT 1L 85600  (TS8T116°0) [4CH! €8 OIUOJ0200] SA A[U0-01U0[0)  01dOJSOIdRL — UOHENIUL JIF0[OIq JE OSBASIP JO JUAIXH
SPSTO0  ($88°01-TES0) So'T s 97970  (8ST+-8L9°0) 6L9'1 69t oruedsTH-uou sA oruedsIH Ayorugyg
1cer0  (STTT—8y10) vLS0 9% vsveo  (ISTT1-LTS0) TI8°0 454 PAJBAS[ SA [EULION uonenur 9150[01q & YSH

- - - - P0T0  (859°CT-118°0) 8911 ¥+9 cd/ed sa 1d ao — stsouserp je adKjouayd sseasiq
11700 (€560-560°0) 10€°0 4 1evs0  (60L1-SSL°0) 9¢1'l (434 PAJBAD[ SA [BULION uoneniur o150[01q & 4 YD
99680 (YLE1-T89°0) 896°0 8 6sv10  (69T1-596°0) LOT'T 0.9 2109s-Z JIN/{ JO JTUN [EUONIPPE YoB uonEnIuI 9150[01q JE 01038 Z [ING

(SEL'199°0) €LL'T 8%+ 1-169°0) 000'T SUIUOW T [< SA SYIUOW 7] 0} ¢

(LOY¥—€rE0) 6T (€18 T-#+9°0) L86°0 SUIUOW 7 ]< SA SYIUOUI € 0} ()
svev'0  (¥91°CCTT0) £69°0 18 8L66'0  (TSS1-LT9°0) 986°0 L9 SUIUOW ] 0} € SA SYIUOUI € 0} () 0150[01q JSIY JO JIE)S 0} SISOUTRIP WOy S,
0¥900 (950" T-9%1°0) €6€°0 9 0SLL0  (ELET-+59°0) L¥6°0 1404 S04 SA ON uonenIur 9150[01q Je erweuy

sisougerp
6€0L°0  (POT'T-+98°0) LL60 88 661€0  (920'1-576°0) vL6°0 L9 1e o3k Jo 1eak [EUONIPPE YoBY stsougerp je 98y
uonenIul
LET90 (860 T—€S8°0) 896°0 88 L6500 (£40'T-676°0) S86°0 8L9  2130701q Je 25e Jo 1eak [eUONIPPE YorH uonenIur 9150[01q e A5y
anfeA 4 1D %S6 onelr plezey N anyeA 4 1D %S6 onelr pIezey N JUSWIAINSBIIN 10108] Sy
o130101q Pu0dag o130101q 38114
(s1sA|eue a1elRAIUN) 110YOD UOIIENUNRUODSIP DY} Ul 3seasip uyodd) yum sjuaned up syusbe 2160]01q Jo UORBNUIIUODSIP 10} S101dey Sy "7 119VL

Downloaded from http://journals.lww.com/jpgn by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMiOhCywCX1AW
nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1yOabggQZXdgGj2MwlIZLel= on 04/28/2023

WWWw.jpgn.org

572



Biologics in Pediatric-onset IBD

JPGN < Volume 76, Number 5, May 2023

‘reurtou jo yurp 12ddn = NI TvADd HOUS = [VADJS JUAWSSISSY [8qO[D) URIIISAYJ = YD Xopu] ANANdY
9SBASIJ UY0ID) OMNBIPdJ = [VADd 9Bl UOIBIUIUWIPIS JA20IYAIS = YSH U10101d 9A10RII-D) = JYD) OSBISIP UYOID) = (D) ‘XOPUI SSBW APoq = [JN] "SONBA 4 JUBOYIUSIS A[[BO1ISI)BIS SAJBIIPUI 1X9) P[og

- - L6SE0  (861°T-1SL°0) S8T1 6¥9 cd/cd sa 1d o — uoneniur o13o0701q Je adKjoustyyg
91€0°0  (986°0-CTrL'0) §S8°0 9 P90 (0€0'T-LE6°0) 7860 1404 JUN JLI00JBWoY [UONIPPE (OB uonenIul 9150[01q & JLID0JeWSH
L2970 (L0 1-L86°0) L10'1 9% €920  ($10°1-966°0) S00°1 434 J1UN JLID0JRWOY [EUOHIPPE Yoey uonenIur 9150[01q 1€ YSH
85000 (8%, 0-181°0) 89¢€°0 S 8,680  (€L£1-€89°0) 6960 €LY urnq[e Jo jrun [EuonIppe yoey uonenIul 9150[01q J urunq[y
#6800 (£40'1-L66°0) 0201 L 0z€0'0  (2TO'T-100'T) 1101 iy Jun 21098 [V(ADdS [eUONIPPE Yoey IVADd Hoys
29€9°0  (1L9+—06£°0) 6vE'T 08 v0Ts0  (Th0'T-L69°0) €611 119 SOB[E-UOU SA Or[E aory

uonenut

LSLLO  (PST E+TH0) LST'T 88 0,100  (1€6°0-T8+°0) 0L9°0 8L9 SOASAON  2130[01q Je aFesn duojostupard]Aour 10 SUOSIUPAL

(¥20'1-820°0) 0L1°0 (€L1°5-9€9°0) P18l I0AdS SA JUAISAM()

(290 1—L0°0) 1870 (1L9'1-2L9°0) 0901 JEIOPOU SA JULISAINY)

(9VS T-€11°0) 8170 (98€°7-956°0) RIS PIIW SA JUSOSAM()

(658°7-821°0) £09°0 (LTLY619°0) T1L'1 210A3S SA 0JRIOPOIN

(868°1-L80°0) 90%°0 (61€ <X 0) 1021 219438 SA PIIA
81810  (0SL'1-85T°0) TL9°0 8 S0s10 (020 1-€8%°0) T0L°0 659 9)e1opOU SA PIIN uonenIur 9150[01q 18 YDJ
anfeA 4 1D %S6 orjeI pIezey N anjeA 4 1D %S6 orjel pIeze| N JUSWIAINSBIA] 10)00] YSry

o130]01q PUOSIS o130101q 1811,

(panunuod) "zaavl

Downloaded from http://journals.lww.com/jpgn by BhDMf5ePHKav1zEoum1tQfN4a+kJLhEZgbsIHo4XMiOhCywCX1AW
nYQp/IIQrHD3i3D00dRYi7TvSFI4Cf3VC1yOabggQZXdgGj2MwlIZLel= on 04/28/2023

573

WWWw.jpgn.org



187ZIMNZIDBPXZOBBAROATOAEIOYIASALLIAYIPOOAEIEAHIOINI/AD AU

MY TXIMADYOINXOHISGBZIY 10+ NIOITWNOTZTARYHA3SHAAUg Aq ubdlywoa mm| sfeusnoly/:dny wouy papeojumoq

€¢0¢/8¢/t70 uo

Kaplan et al

JPGN « Volume 76, Number 5, May 2023

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 sPCDALI 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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