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Abstract
Background: The treatment effect of ustekinumab for Crohn disease (CD) that is refractory to tumor necrosis
factor (TNF)-α blockers has been approved in adults, but the indication for pediatric cases remains elusive. The
present study aimed to assess the applicability of ustekinumab therapy for biologic naïve pediatric patients.
Methods: Four patients who developed CD until 15 years of age and then came to receive ustekinumab as the
first-line biologic therapy were enrolled. Clinical and laboratory findings, treatment history, outcomes and
adverse events of the biologics were retrospectively studied by using the medical records and interviews to
attending doctors. To evaluate the inflammatory profiles at the time of starting ustekinumab, serum
concentrations of interleukin (IL)-12/IL-23p40, TNF-α, IL-1β, IL-6, IL-8 and IL-10 were measured by the enzymelinked immunosorbent or immunobead assays.
Results: All patients underwent ustekinumab therapy because of the refractory or relapsing disease on
conventional therapy and the individual reasons including optic neuritis. Three out of four patients obtained
complete remission followed by successful maintenance, although one failed. No adverse events occurred at all.
Pretreatment IL-12/IL-23p40 levels of all three responders, but not one non-responder or healthy controls,
exceeded 80 pg/ml. On the other hand, the other cytokine levels of all patients were indifferently negligible.
Conclusions: Ustekinumab was effectively used as one of the first-line biologics for the treatment of pediatriconset CD. The limited indication to anti-TNF therapies or the elevated levels of serum IL-12/IL-23p40 may be a
preferable choice of the treatment in childhood.

Background
Crohn disease (CD) is an incurable inflammatory bowel disease (IBD) involving the entire gastrointestinal tract
with discontinuous or segmental lesions. The main symptoms of the disease are fever, fatigue, abdominal pain,
diarrhea, weight loss and extra-intestinal manifestations. CD occurs in approximately 25% of patients until
20 years of age. Because the active disease in childhood results in impaired growth, adequate diagnosis and
treatment are inevitable [1]. Tumor necrosis factor (TNF)-α blockers have greatly reduced the risk of surgery and
complications, although the failure occurs in part of patients. Ustekinumab, human monoclonal antibody that
binds with high affinity to interleukin (IL)-12/IL-23p40 subunit induces clinical remission of refractory adult
cases via the inhibition of cytokine production and inflammation [2]. However, the effectiveness in childhood
IBD has not been established [3], and the applicability for pediatric cases remains elusive. The first-line biologics
for the early-onset IBD are challenging to determine because TNF-α blockers often occur in association with
infections and immunological disorders [4].
We present herewith the outcomes of four patients with pediatric-onset CD after ustekinumab therapy as the
first-line biologics. They had no evidence of primary immunodeficiency diseases, and individual reasons to
abstain from the TNF blockade. According to the conditions of four biologic naïve patients, ustekinumab was
safely used. Pretreatment serum levels of IL-12/IL-23p40 were increased in three responders. We discuss about
the applicability of ustekinumab therapy for pediatric-onset IBD, especially in cases at risk of infections and/or
with underlying immunological disorders.
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Methods

Study subjects
Thirteen patients age < 20 years received the diagnosis of CD [2] and underwent biologics therapy in Kyushu
University Hospital from 2010 to 2018 [5]. Four of them received ustekinumab as the first biologics for individual
reasons. Clinical findings, laboratory data, treatment history, and treatment outcomes were collected from
hospital charts. Laboratory indices included: albumin, C-reactive protein (CRP), and erythrocyte sedimentation
rate test (ESR), along with serum cytokine concentrations. Pediatric Crohn Disease Activity Index (PCDAI) was
calculated as reported [6]. Conventional therapy was introduced in accordance with clinical practice guidelines
for inflammatory bowel disease in Japan [7, 8]. The induction dose of ustekinumab was 260 mg (< 55 kg of
body weight) or 390 mg (≥ 55 kg) intravenously. Eight weeks after induction, the maintenance dose was 90 mg
subcutaneously every 8–12 weeks according to the authorized dose for adult patients. This study was certified
by the Institutional Review Board of Kyushu University (#531-01). We were given written informed consent to
publish the report by patients and/or their parents if the identities of the patients are protected.

Cytokine Assays
Serum IL-12/IL-23p40 levels of healthy controls and patients were measured in triplicate using an enzyme-linked
immunosorbent assay (Human IL-12/IL-23p40 Immunoassay Quantikine; R&D Systems, Minneapolis, MN).
TNFα, IL-1β, IL-6, IL-8 and IL-10 were measured by Human Inflammatory Cytokine Cytometric Bead Array (CBA)
Kit (BD Biosciences, San Jose, CA) following each manufacturer instruction as reported [9].

Statistical Analyses
Statistical difference of serum cytokine concentrations between responded CD patients and healthy or disease
controls was analyzed by Mann-Whitney U test. P < 0.05 was considered statistically significant.

Results
Clinical profiles of four patients are summarized in Table 1. All received the diagnosis until age 15 years. Two
males were siblings, one and the other female suffered from anal fistula and optic neuritis, respectively. No
patients showed any evidence of primary immunodeficiency diseases.
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Table 1
Patient demographics
Patient

1

2

3

4

Sex

male

male

female

male

Age, (years)

4

13

9

12

Weight loss (%)

12.5

0

9.1

18.0

ESR (mm/hr)

120

25

87

40

CRP (mg/dL)

11.0

0.4

5.5

0.4

Gastrointestinal lesions

ileum

ileum and
colon

ileum, colon and
perianal

ileum, colon and
fistula

Extraintestinal
manifestation

aphthous
stomatitis

arthritis, skin
nodule

PCDAI

62.5

22.5

57.5

32.5

First-line

5-ASA and PSL

5-ASA and BUD

5-ASA, AZT and
PSL

5-ASA and BUD

Response

relapsed*

refractory

refractory

refractory

Age at the start (years)

18

14

9

12

ESR (mm/hr)

70

31

34

12

CRP (mg/dL)

6.5

5

0.38

0.12

PCDAI

45

27.5

30

25

IL-12/IL-23p40 (pg/mL)

145

151

82.8

62.4

Body weight (kg)

60

42

25

32

Induction (mg/kg, i.v.)

6.5

6.2

10

8.1

Maintenance (mg/kg,
s.c.)

1.5

2.1

3.6

no

At diagnosis

aphthous
stomatitis

Previous therapy

UST therapy

*The disease activity recurred two years after the stop of first-line therapy at 16 years of age.
AZT: azathioprine, BUD: budesonide, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, IL:
interleukin, i.v.: intravenous administration, PCDAI: Pediatric Crohn Disease Activity Index, PSL: prednisolone,
s.c.: subcutaneous injection, UST: ustekinumab, 5-ASA: 5-aminosalicylic acid
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Patient

1

2

3

4

Interval of maintenance
(weeks)

12

10

8

no

Duration of UST
(months)

9

10

21

only initial dose

*The disease activity recurred two years after the stop of first-line therapy at 16 years of age.
AZT: azathioprine, BUD: budesonide, CRP: C-reactive protein, ESR: erythrocyte sedimentation rate, IL:
interleukin, i.v.: intravenous administration, PCDAI: Pediatric Crohn Disease Activity Index, PSL: prednisolone,
s.c.: subcutaneous injection, UST: ustekinumab, 5-ASA: 5-aminosalicylic acid

Responded cases
Patient 1 received the diagnosis of CD at age 4 years. During the first induction therapy by prednisolone (PSL)
and 5-aminosalicytic acid (5-ASA), he required an ileal resection and temporal ileostomy because of the
perforation, and then came to achieve a remission on the maintenance therapy of 5-ASA, PSL and 6mercaptopurine (6-MP). All medications were discontinued at age 16 years. Two years after the cessation of
treatment, CD relapsed and did not respond to 5-ASA and budesonide (BUD). Despite the normal results of
immunological screening, the inborn errors of immunity were not excluded for the siblings of patients 1 and 2.
TNF-α blockers were then not selected to reduce a risk of infections [4]. Initial intravenous dose of 390 mg
(6.5 mg/kg) ustekinumab successfully led to a complete remission that continued on the subcutaneous
maintenance dose of 90 mg (1.5 mg/kg) every 12 weeks (Fig. 1a).
Patient 2, a younger brother of patient 1, was admitted to our hospital because of arthritis and skin nodules at
13 years of age. The intensive study reached the diagnosis of CD. The active disease was refractory to 5-ASA
and BUD. Induction of initial dose of 260 mg (6.2 mg/kg) ustekinumab led to complete remission that continued
on the subcutaneous maintenance dose of 90 mg (2.1 mg/kg) every 10 weeks (Fig. 1a).
Patient 3 suffered from left optic neuritis with elevated levels of anti-myelin oligodendrocyte glycoprotein
antibody at age 8 years. There was no gastrointestinal symptom at that time. Intravenous high-dose
methylprednisolone and oral PSL therapies controlled optic neuritis, however, high fever, abdominal pain and
diarrhea occurred 9 months after the stop of PSL. Intensive gastrointestinal and neurological studies reached
the diagnoses of CD and non-active optic neuritis. The poor response to 5-ASA, azathioprine (AZT) and PSL
suggested a need of biologics. Because anti-TNFα antibody was not a choice for the patient at risk of
demyelinating disease, intravenous dose of 260 mg (10 mg/kg) ustekinumab was started [10]. Complete
remission has been achieved and sustained on the subcutaneous maintenance dose of 90 mg (3.6 mg/kg)
every 8 weeks as shown in Fig. 1a.

Unresponded case
Patient 4, a 12-year-old boy, presented with aphthous stomatitis, diarrhea, bleeding and abdominal and anal
pain and received the diagnosis of CD. The active disease did not respond to 5-ASA and BUD. Severe food
allergy and atopic dermatitis in this patient made us choose comparatively safe biologics [4, 11]. Induction of
ustekinumab dose 260 mg (8.1 mg/kg) intravenously was started, however, he deteriorated with elevated PCDAI
with the development of anal fistula (Fig. 1a). Because of the lacked evidence of treatment effect on anal fistula
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by ustekinumab, the biologics was changed to adalimumab [12]. It has successfully controlled the disease
activity for 5 months. No adverse effect occurred in all four patients.
When serum cytokines were measured at the time of starting ustekinumab therapy, three responders but not one
non-responder showed higher levels of IL-12/IL-23p40 than healthy controls (p < 0.05) (Fig. 1b). Serum levels of
TNFα, IL-1β, IL-6, IL-8 and IL-10 were negligible in all four patients (Table 2). TNFα levels were undetectable in
patient 4, who did not respond to ustekinumab but adalimumab. All responders showed > 30 mm/hr ESR at the
introduction of ustekinumab (Table 1, Fig. 1a).
Table 2
Serum concentration of proinflammatory and anti-inflammatory cytokines
Patient

1

2

3

4

Controls: median, range

TNFα, pg/mL

14.3

< 3.7

< 3.7

< 3.7

< 3.7, <3.7–430

IL-10, pg/mL

< 3.3

< 3.3

< 3.3

< 3.3

< 3.3, <3.3–9.1

IL-6, pg/mL

788

< 2.5

< 2.5

< 2.5

26, <2.5–2229

IL-1β, pg/mL

31.5

< 7.2

< 7.2

< 7.2

< 7.2, <7.2–1542

IL-8, pg/mL

6837

< 3.6

< 3.6

< 3.6

727, 44-133506

All samples of CD patients were obtained at the start of ustekinumab therapy. Control samples were
obtained from 5 patients (3 males and 2 females, ages from 9 to 15 years) with ulcerative colitis of
moderate severity. The detection limits were as follows: TNFα; 3.7 pg/mL, IL-10; 3.3 pg/mL, IL-6; 2.5 pg/mL,
IL-1β; 7.2 pg/mL and IL-8; 3.6 pg/mL. IL: interleukin, TNF: tumor necrosis factor.

Discussion
This case-series first reported the safety and efficacy of ustekinumab for pediatric-onset CD as a first biologics
and a possible relationship between treatment responses and cytokine profiles. Notably, all responded cases but
not one non-responder showed high levels of serum IL-12/IL-23p40 and elevated ESR before ustekinumab
therapy. These suggest the clinical utility of IL-12/IL-23p40 blockades for the treatment of IBD in childhood,
although the indication needs to be individualized.
There are a limited number of pediatric cases who received ustekinumab therapy. Chavannes et al. [13] reported
that 21 (48%) of 44 pediatric patients who had been intolerant CD to at least one biologics showed an initial
response, and 8 (39%) of them achieved prolonged clinical remission by subcutaneous ustekinumab. Clinical
remission rate of adult patients naïve to anti-TNF antibody reached about 70% after ustekinumab therapy [12,
13]. By contrast, the remission rates of anti-TNF antibody as the first biologics for adult patients with CD ranged
from 40 to 70%. It is difficult to compare the effects of ustekinumab with those of other biologics because of no
direct head-to-head trials [11]. In pediatric cases, the response rates to biologics might be lower than adult ones
if monogenic IBD was incorporated into the study population [14]. The major concern is a risk of prolonged
biologics therapy for children. Several clinical trials [11, 13] reported the long-term remission, low
immunogenicity rates and low incident of adverse events in ustekinumab therapy, suggesting a favorable choice
of ustekinumab for pediatric-onset CD. It is preferred for patients with the history of psoriasis or demyelinating
diseases including multiple sclerosis and optic neuritis because anti-TNF antibody has a risk of exacerbation in
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such underlying diseases [10]. Primary immunodeficiency diseases presenting with early-onset IBD need to be
excluded before the use biologics for pediatric-onset CD.
IL-12 and IL-23 play an important role in innate immunity. Ustekinumab fully human monoclonal antibody
specifically binds to p40, common subunit of IL-12/IL-23, and neutralizes the bioactivity of IL-12/IL-23 which is
closely associated with active IBD [15]. High concentrations of circulating ustekinumab by intravenous
induction might effectively suppress IL-12/IL-23 pathway and lead to a prompt remission of responders [3, 12].

Conclusions
The case-series first indicated a relationship between IL-12/IL-23p40 levels and the efficacy of ustekinumab.
Further studies would be targeted for the response rates of selected patients with elevated IL-12/IL-23p40 levels.
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Figures

Figure 1
1a: Changes in laboratory indices and PCDAI. Dotted lines represent the UST responders of patients 1-3, and a
solid line does the poor responder of patient 4. Dx: diagnosis, PCDAI: Pediatric Crohn Disease Activity Index, Pt:
patient, UST: ustekinumab. 1b: Concentration of serum IL-12/IL-23p40. Closed and open circles represent
responded and non-responded patients, respectively. Triangles represent serum levels of 10 healthy donors
Page 9/10

ranging from 24.7 and 74.9 pg/mL. The boxplot exhibits the median (central line within each box), the 25th and
75th percentile values (box ends), and the 10th and 90th percentile values (error bars). The detection limit of IL12/IL-23p40 was 15 pg/mL.
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