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Abstract
Background Treatment with biological agents such as anti-tumor necrosis factors (TNFs) has become standard of care in 
moderate to severe pediatric inflammatory bowel disease (IBD). However, a significant proportion of patients experience 
loss of response to anti-TNFs, need treatment escalation, or develop side effects. There is no data in the literature regarding 
combination of biological agents in pediatric IBD.
Methods At our hospital, which is a tertiary referral center, we have combined the anti-TNF infliximab with either vedoli-
zumab or ustekinumab in patients with severe pediatric IBD. The indications for dual biological therapy were insufficient 
efficacy of infliximab or vedolizumab monotherapy, or side effects such as psoriasis due to anti-TNFs.
Results Eight patients (four boys) aged 14–17.5 years received a combination of infliximab and vedolizumab due to only a 
partial response to infliximab, four with Crohn’s disease (CD) and four with ulcerative colitis (UC). Clinical remission was 
achieved in four patients (3 UC) and four had a colectomy (3 CD, 1 UC). Five CD patients (3 girls) aged 11–17 years, on 
maintenance therapy with infliximab, developed psoriasis resistant to topical treatment. A combination of infliximab and 
ustekinumab resulted in clinical remission of CD without skin symptoms. No serious adverse events occurred in any of the 
patients on combination therapy. Thirteen publications report on combining biologicals, all in adult IBD.
Conclusion In pediatric IBD, combining biological agents seems to be safe and beneficial in selected patients. The safety 
should be addressed in long-term follow-up studies.

Key Points 

In pediatric inflammatory bowel disease patients, there 
are no publications on combining biological therapies.

We have treated eight patients with a combination of inf-
liximab and vedolizumab, and five patients with inflixi-
mab in combination with ustekinumab in order to gain 
clinical remission or to treat side effects such as psoriasis 
caused by infliximab.

We experienced no serious adverse events and in nine of 
the 13 patients, clinical remission was achieved and the 
side effects managed with the combination of biologi-
cals.

These cases were presented at ESPGHAN 2019 in Glasgow as a 
poster.
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1 Introduction

Pediatric inflammatory bowel disease (PIBD) is often 
aggressive with a high inflammatory burden at diagnosis 
and a complicated disease course [1]. Treatment with bio-
logical agents such as anti-tumor necrosis factors (TNFs) has 
improved the clinical outcome and has become standard of 
care in moderate to severe PIBD. However, patients develop 
side effects and up to 40% experience loss of response to 
anti-TNFs, which necessitates treatment escalation [2]. Pso-
riasis due to TNF blocker treatment is increasingly recog-
nized in patients with IBD [3]. Considering that increased 
levels of TNFα play a key role in the pathogenesis of pso-
riasis, the occurrence under anti-TNF therapy seems to be 
paradoxical. New biological drugs for the treatment of IBD 
offer the possibility of combining agents that antagonize dif-
ferent pathways, potentially resulting in an additive effect for 
refractory disease and management of side effects. Vedoli-
zumab (VDZ) and ustekinumab (UST) are such biological 
drugs, each with a different mode of action to anti-TNFs. 
These agents have demonstrated efficacy in IBD and can 
be used in patients failing or losing response to anti-TNFs 
[4–6].

VDZ is a humanized monoclonal antibody that specifi-
cally recognizes the α4β7 integrin receptor on lymphocytes 
and blocks the migration from the bloodstream to the intes-
tinal mucosa, which reduces the white cell influx to inflamed 
tissue. This gut-selective mechanism of action differentiates 
it from the other biologics, which all have a more systemic 
influence on the immune system [7]. VDZ is not approved 
for pediatric patients, but use in PIBD has shown clinical 
efficacy with remission rates in ulcerative colitis (UC) and 
Crohn’s disease (CD) reaching 76% and 42%, respectively. 
The drug is well tolerated with a lack of serious adverse 
events [8–13].

UST is approved for the treatment of moderate-to-severe 
psoriasis in adolescents (aged 12 years and older) as well 
as for adult CD and UC [14–16]. UST is a human mono-
clonal antibody directed against the p40 subunit of inter-
leukin (IL)-12 and IL-23 and exerts its anti-inflammatory 
effects by inhibiting these cytokines and their downstream 
pro-inflammatory signals, and inhibits Th1 and Th2 lympho-
cytes. Off-label use in the PIBD population is increasing and 
is reported to be safe and efficacious [17–19].

There are no publications on combining biological agents 
in PIBD, and data on combining biological agents with dif-
ferent modes of action in adult IBD is limited. We present 
our experience with combining biological agents in pediatric 
patients with IBD and give a review of the literature regard-
ing the combination of biologicals in adult IBD patients.

2  Methods

2.1  Case Reports

We describe our experience with combining biological 
agents in PIBD between May 2014 and March 2020 in our 
hospital, a tertiary referral center and University Hospital.

PIBD patients who had insufficient response to inflix-
imab (IFX) were treated with a combination of IFX and 
VDZ. Before adding VDZ, adequate drug levels of IFX were 
ensured with trough level measurements and IFX was opti-
mized with dose or interval adjustments. Disease activity 
was assessed with fecal calprotectin, laboratory work up, 
endoscopy, and magnetic resonance imaging (MRI).

UST was added to IFX in patients who developed para-
doxical psoriasis not responding to topical treatment. All 
patients were evaluated by a dermatologist. During the com-
bination therapy we continuously screened the patients for 
adverse events.

2.2  Literature Review

A literature search of the PubMed database and Web of 
Science was performed using relevant terms and keywords 
related to combining biological drugs in the treatment of 
IBD.

3  Results

3.1  Combination Therapy in Response 
to Insufficient Effect of Infliximab (IFX) 
or Vedolizumab (VDZ) Alone

Eight patients (four boys and four girls, aged 14–17.5 years) 
received a combination of IFX and VDZ. Four of the patients 
had CD, four had UC (Table 1). They had been treated with 
IFX for a median of 2 years (range 4 months to 7 years), but 
experienced a flare that continued after optimizing IFX treat-
ment. Before escalating therapy, active inflammation was 
confirmed endoscopically and histologically in all patients. 
Infectious gastroenteritis including Clostridium difficile, 
Cytomegalovirus, and Epstein Barr virus was excluded. 
Other treatment options—exclusive enteral nutrition (EEN) 
in CD, immunomodulators (azathioprine or methotrexate), 
and corticosteroids—were tried without inducing remission. 
In the first two CD patients, we stopped IFX and switched 
to VDZ, but VDZ was not effective as monotherapy. One 
patient experienced a flare of both her CD and concomi-
tant rheumatoid arthritis without IFX, the other CD patient 
developed a perianal fistula on VDZ monotherapy. In both 
patients, IFX was reintroduced after 4 and 5 months due 
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to lack of disease control. The remaining six patients had 
active disease and some effect of IFX, and after the experi-
ence with IBD flares after IFX discontinuation in the two 
previous patients we continued IFX infusions in six patients 
every 4–6 weeks while VDZ was initiated. Other immu-
nomodulator therapy was stopped except in two patients who 
continued methotrexate. We used an induction scheme of 
VDZ 300 mg intravenously in weeks 0, 2, 6, and 10, and 
continued infusions every 6–8 weeks, following trough level 
measurements. Three of the eight patients achieved complete 
clinical and biochemical remission on combination therapy, 
all three with UC. None of these patients were using meth-
otrexate. After a mean combination treatment duration of 
6.5 months (range 4–10 months), the patients were switched 
to monotherapy with VDZ; in two patients, this was due 
to the development of antibodies to IFX. They have both 
been in remission on VDZ monotherapy since, for more than 
15 months. One UC patient developed elevated transami-
nases while on VDZ and IFX combination therapy, and IFX 
was stopped. This patient continued having slightly elevated 
transaminases, and is being evaluated for possible primary 
sclerosing cholangitis (PSC) and a liver biopsy is scheduled. 
His UC is in remission with VDZ monotherapy. One CD 
girl is in clinical remission, but has ongoing inflammation 
with an elevated erythrocyte sedimentation rate (ESR) and 
C-reactive protein (CRP). She has concomitant PSC. IFX 
was stopped after 4 months’ combination therapy due to 
severe eczema on the face, scalp, and body. The eczema 
was thought to be due to IFX as it resolved after cessation 
of IFX. Altogether, four patients (3 CD, 1 UC) had a colec-
tomy due to failure of achieving remission with combina-
tion therapy. No infections or serious adverse events of the 
combination therapy were noted.

3.2  Combining IFX and Ustekinumab (UST) 
in Response to Side Effects of IFX

Five CD patients (three girls  and two boys, 
aged  11–17 years), on maintenance therapy with IFX, 
developed severe paradoxical psoriasis resistant to topical 
treatment (Table 2). The psoriasis was mainly located in the 
periauricular region and on the scalp, with severe hair loss 
in three patients. One boy and one girl had additional pal-
moplantar psoriasis; another girl had concomitant anogenital 
psoriasis. These patients had been treated with IFX for a 
median of 2 years (range 7 months to 7 years) and were in 
clinical and biochemical remission with trough levels within 
target range (5–8 μg/mL) [20] (Table 3). In the first two 
patients with hair loss and scalp psoriasis, we switched treat-
ment from IFX to subcutaneous UST 90 mg, with an induc-
tion regimen of weekly injections for 4 weeks, and every 
8 weeks thereafter. The skin lesions and hair loss improved, 
but their CD flared with abdominal pain, diarrhea, weight Ta
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loss, and elevated fecal calprotectin levels. Reintroduction 
of IFX was initiated. With the combination of IFX every 
6–8 weeks and UST every 8–12 weeks, remission of CD 
was regained without re-occurrence of the psoriasis. One girl 
received combination treatment for 7 years and then contin-
ued with IFX monotherapy. On monotherapy she developed 
a rectovaginal fistula and abscess. She still has some pso-
riatic lesions, but no hair loss and the psoriasis is managed 
with topical treatment. The other female patient with CD on 
combination therapy went into CD remission without psoria-
sis. After 2 years on dual therapy, she received monotherapy 
with UST, but had another CD flare, and was switched to 
adalimumab and methotrexate. Both her CD and psoriasis 
flared, and she was again treated with IFX and UST. After 
1 year she developed plantar pustulosis psoriatic lesions 
and was therefore switched to VDZ monotherapy. On VDZ 
monotherapy she developed several small bowel strictures. 

The two boys were treated for 2 years with a combina-
tion of IFX and UST. Thereafter, they were managed with 
monotherapy, one with UST every 8 weeks subcutane-
ously, the other with IFX. Both are in CD remission with-
out psoriasis. The girl with anogenital psoriasis received 
combination therapy and went into clinical remission, but 
with endoscopic inflammation and elevated inflammatory 
markers. She experienced a skin infection and an external 
otitis that were successfully treated with antibiotics. After 
2.5 years she was switched to VDZ monotherapy, initially 
supported by corticosteroids, and is in remission. No other 
adverse events were noted.

3.3  Literature Search

Data on combining biological agents with a different mode 
of action is limited. We found no publications reporting the 
use of a combination of biological agents (TNF antagonists, 
VDZ or UST) in PIBD. However, we did identify 13 publi-
cations (most of them case series) (Table 3) describing the 
use of a combination of biological agents in adult patients 
with IBD [21–33]. One of the studies was a randomized con-
trolled trial (RCT) comparing IFX and IFX in combination 
with natalizumab (a humanized monoclonal IgG4 antibody 
against α4β1 integrin) in the treatment of active CD [24]. 
There was a trend toward clinical improvement with the 
combination and rates of infections and adverse events were 
comparable between the two treatment arms. The other stud-
ies are case reports including 1–15 patients, both UC and 
CD. In 2019, Ribaldone et al. published a pooled analysis 
that included seven of these reports, involving a total of 18 
patients. A clinical improvement was obtained in all patients, 
with endoscopic improvement in 93% without any serious 
adverse events [34]. In another study, three adult patients in 
remission received the combination of a TNF antagonist and 
UST for paradoxical psoriasis resistant to topical therapy Ta

bl
e 

2 
 C

ha
ra

ct
er

ist
ic

s o
f p

at
ie

nt
s t

re
at

ed
 w

ith
 c

om
bi

na
tio

n 
th

er
ap

y 
w

ith
 in

fli
xi

m
ab

 a
nd

 u
ste

ki
nu

m
ab

 d
ue

 to
 a

nt
i-T

N
F-

in
du

ce
d 

ps
or

ia
si

s

AD
A 

ad
al

im
um

ab
, A

ZA
 a

za
th

io
pr

in
e,

 B
1 

in
fla

m
m

at
or

y 
di

se
as

e,
 B

3 
pe

ne
tra

tin
g 

di
se

as
e,

 C
D

 C
ro

hn
’s

 d
is

ea
se

, c
om

bo
 c

om
bi

na
tio

n 
th

er
ap

y,
 C

RP
 C

-r
ea

ct
iv

e 
pr

ot
ei

n,
 E

SR
 e

ry
th

ro
cy

te
 s

ed
im

en
ta

-
tio

n 
ra

te
, I

FX
 in

fli
xi

m
ab

, I
FX

 T
L 

in
fli

xi
m

ab
 tr

ou
gh

 le
ve

l, 
L2

 c
ol

on
ic

 d
is

ea
se

, L
3 

ile
oc

ol
on

ic
 d

is
ea

se
, L

4 
up

pe
r g

as
tro

in
te

sti
na

l d
is

ea
se

, p
 p

er
ia

na
l, 

U
ST

 u
ste

ki
nu

m
ab

, V
D

Z 
ve

do
liz

um
ab

, w
PC

D
AI

 
w

ei
gh

te
d 

pe
di

at
ric

 C
ro

hn
’s

 d
is

ea
se

 a
ct

iv
ity

 in
de

x
a  A

t t
im

e 
of

 st
ar

tin
g 

du
al

 th
er

ap
y

G
en

de
r (

ag
e)

 d
ur

a-
tio

n 
of

 c
om

bi
na

tio
n 

th
er

ap
y

C
D

 p
he

no
ty

pe
Ps

or
ia

si
s d

ist
rib

ut
io

n
Fe

ca
l 

 ca
lp

ro
te

ct
in

a , 
m

g/
kg

C
R

Pa , 
m

g/
L

ES
R

a  
m

m
/h

w
PC

D
A

Ia  
sc

or
e

IF
X

  T
La , 

m
g/

L
A

dv
er

se
 e

ve
nt

s
O

ut
co

m
e

O
ng

oi
ng

 th
er

ap
y

G
irl

 (1
5)

6 
ye

ar
s

L4
, L

3,
 B

1
Fa

ce
, s

ca
lp

, h
ai

r l
os

s, 
pa

lm
op

la
nt

ar
 >

 30
00

32
86

80
9.

3
N

o
C

D
 fl

ar
e 

w
ith

 U
ST

 a
lo

ne
, 

re
m

is
si

on
 w

ith
 c

om
bo

A
D

A
 +

 V
D

Z

G
irl

 (1
7)

7 
ye

ar
s

L3
, B

3
Sc

al
p,

 h
ai

r l
os

s
 >

 15
00

90
92

80
8

N
o

C
D

 fl
ar

e 
w

ith
 U

ST
 a

lo
ne

, 
re

m
is

si
on

 w
ith

 c
om

bo
IF

X
 +

 A
ZA

B
oy

 (1
6)

12
 m

on
th

s
L2

, B
3p

Sc
al

p,
 h

ai
r l

os
s

56
3

17
7.

5
6

N
o

Re
m

is
si

on
U

ST

B
oy

 (1
1)

21
 m

on
th

s
L4

, L
3,

 B
1

Sc
al

p,
 p

al
m

op
la

nt
ar

29
4

1
14

7.
5

5
N

o
Re

m
is

si
on

IF
X

G
irl

 (1
5.

5)
25

 m
on

th
s

L4
, L

3,
 B

1
Sc

al
p,

 fa
ce

, a
no

-
ge

ni
ta

l
10

00
4

58
42

.5
8.

8
Sk

in
 in

fe
ct

io
n,

 
ot

iti
s e

xt
er

na
Re

m
is

si
on

V
D

Z



413Combination of Biologicals in Pediatric IBD

and methotrexate [23]. The combination therapy was well 
tolerated but was terminated after 2 months due to lack of 
effect on the psoriasis. In a case series from the Mayo Clinic 
including 15 patients (14 CD, 1 UC), combination therapy 
with biological agents was used due to disease worsening 
[22]. Eleven patients had symptomatic improvement and the 
authors conclude that combining biologics with different 
mechanisms of action may be safe and effective in the treat-
ment of IBD. Finally, there is one ongoing RCT investigating 
the potential effect of triple therapy with VDZ, adalimumab, 
and oral methotrexate on endoscopic remission in newly 
diagnosed adult CD patients at high risk for complications 
[ClinicalTrials.gov identifier NCT02764762].

4  Discussion

We have experienced improved clinical efficacy combining 
biologicals in selected moderate to severe PIBD patients 
without the occurrence of serious adverse events. The indi-
cations for this treatment strategy in our patients were partial 
effect of IFX and therefore a need for treatment escalation, 

or side effects such as paradoxical psoriasis. To our knowl-
edge, this is the first report of combining biological agents 
in PIBD.

According to a recent study, patients co‐exposed to anti‐
TNF while receiving VDZ induction therapy did not experi-
ence higher rate of adverse events compared with patients 
exposed to VDZ alone, indicating there is no need for a 
waiting interval before starting VDZ in patients who recently 
stopped anti‐TNF [35]. Combining a TNF antagonist that 
has a rapid systemic effect with a slower acting gut-specific 
agent like VDZ seems very attractive and adult experience 
in combining VDZ with IFX in IBD patients indicate that 
the combination is safe and efficacious [34]. In patients with 
only a partial improvement with anti-TNF, this combina-
tion may also act as a bridge to monotherapy with VDZ. In 
addition, corticosteroids can be avoided, which is of special 
interest in children [36].

Most IBD patients have inactive or mild disease activity 
when paradoxical psoriasis appears [37]. This was also the 
case in our patients. UST has been proven to be effective in 
treating anti-TNF-induced psoriasis and psoriasiform alope-
cia [35, 38, 39]. In most cases, topical treatment is sufficient, 

Table 3  Publications on combination of biologicals in the treatment of inflammatory bowel disease

All reports were limited to adult patients
ADA adalimumab, CD Crohn’s disease, CER certolizumab, ETA etanercept, GOL golimumab, HFMD hand, foot, and mouth disease, IFX inf-
liximab, NAT natalizumab, PS psoriasis, RCT  randomized controlled trial, SpA spondyloarthritis, TNF tumor necrosis factor inhibitor, UAI upper 
airway infections, UC ulcerative colitis, UST ustekinumab, VDZ vedolizumab

Study Year Study type Disease No. of 
sub-
jects

Medication Efficacy Adverse events

Sands et al. [24] 2007 RCT CD 52 NAT + IFX Good Headache, CD exacerba-
tion, nausea, nasophar-
yngitis

Hirten et al. [25] 2015 Case report CD 1 IFX + VDZ Benefit No
Afzali and Chiorean 

[26]
2016 Case report CD 1 ADA + VDZ Remission No

Fischer et al. [29] 2016 Case report UC 1 CER + VDZ Remission No
Yzet et al. [23] 2016 Case report CD/UC/PS 3 IFX + UST Not effective for 

psoriasis
No

Bethge et al. [32] 2017 Case report Pouchitis/SpA 1 ETA + VDZ Remission No
Liu and Loomes [28] 2017 Case report CD 1 VDZ + UST Remission No
Huff-Hardy et al. [27] 2017 Case report CD 1 UST + VDZ Remission Rotavirus
Roblin et al. [30] 2018 Case report UC 1 VDZ + GOL Remission No
Buer et al. [21] 2018 Case series CD/UC 10 9 IFX + VDZ

1 ADA + UST
Remission 3 UAI

Mao et al. [31] 2018 Case series CD 4 1 ETA + UST/VDZ
1 VDZ + UST
2 VDZ + GOL

Remission in 3/4 HFMD, influenza, 
Clostridium difficile

Elmoursi et al. [33] 2020 Case report CD 1 UST + VDZ Remission No
Kwapisz et al. [22] 2020 Case series CD/UC 15 8 VDZ + TNF

5 VDZ + UST
2 UST + TNF

11/15 clinical improve-
ment

Salmonella, Clostridium 
difficile, 4 infections, 
arthralgia
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and few patients need to end the anti-TNF therapy. In our 
patients, the psoriasis was extensive, not controlled by topi-
cal treatments, and involved hair loss. A switch to monother-
apy with UST was tried in two patients, resulting in a flare of 
CD. Maybe we would have obtained a better result if we had 
used an intravenous loading dose with UST, which is recom-
mended in IBD [5, 40], but that was not available at the time. 
Combination therapy with UST and IFX due to paradoxical 
psoriasis may not be an indefinite treatment. Two of our 
patients have discontinued combination therapy and have 
stayed in clinical remission with IFX or UST monotherapy 
for > 3 years without reoccurrence of psoriasis.

The combination treatments with biologicals were well 
tolerated in our patients. This is consistent with several 
published case series in adult patients [21–23]. Among our 
patients, one girl with CD and PSC developed severe eczema 
on the face and body, and in one boy with UC, elevated 
transaminases were detected after induction of clinical 
remission with VDZ and IFX combination therapy. In both 
patients, the treatment with IFX was stopped. The eczema 
was most probably due to IFX as it resolved after IFX dis-
continuation and the elevated transaminases were most 
likely related to PSC. Two patients developed antibodies 
to IFX but remained in remission with VDZ monotherapy. 
Apart from a skin infection and an external otitis in one 
patient, we did not notice any other adverse events.

Immunogenicity with the formation of anti-drug antibod-
ies seems to have little or no importance when using UST 
or VDZ in the treatment of IBD and, in contrast to anti-
TNFs, co-medication with immunosuppressants is usually 
not recommended [41]. We stopped the use of immunosup-
pressants in all except two of our patients, since there is an 
increased risk of severe adverse events related to extensive 
immune suppression. Development of antibodies to IFX 
in two patients in whom concomitant immunosuppression 
was stopped was probably a consequence of this; therefore, 
there might still be a need for immunosuppression in patients 
receiving anti-TNFs as part of the combination. Such triple 
regimens are probably less problematic when using VDZ 
because of the gut-selective mode of action of this agent. 
However, most importantly, in every patient the risks of 
extensive immune suppression must be weighed against the 
severity of the disease.

In two of our patients, their IBD got worse when we tried 
monotherapy with VDZ and it was evident that they needed 
the combination treatment. In the other six patients who 
received combination with IFX, VDZ monotherapy might 
have induced remission. Among those patients who experi-
enced anti-TNF-induced psoriasis, there were two patients 
who received monotherapy with subcutaneous UST with 
good effect on the skin lesions, but insufficient effect on the 
IBD. When switching to another class of biologics due to 
failure of monotherapy with IFX (and other anti-TNF drugs), 

monotherapy with the next biological is still our routine until 
RCTs have provided evidence for the opposite.

This is a small case report. The results must be inter-
preted with caution, especially with respect to the safety 
data. An obvious weakness of our study is the retrospective 
nature. Other therapeutic options had been tried, but not 
systematically in all patients. For example, as previously 
mentioned, monotherapy with UST or VDZ was not tried in 
all patients before combining biologicals. A strength of or 
study is that all patients treated with IFX and VDZ were well 
characterized by endoscopic evaluation, laboratory work-up, 
fecal calprotectin, drug levels, and measurements of anti-
drug antibodies (see Table 1) to verify inflammation and 
optimize ongoing therapy.

5  Conclusions

In patients with moderate to severe IBD who lose response 
to an anti-TNF agent or develop side effects such as para-
doxical psoriasis, combining the anti-TNF with another 
biological agent with a different mode of action may be 
beneficial. We did not experience any severe adverse events 
when combining IFX with VDZ or UST in PIBD patients. 
Our findings should, however, be addressed in larger studies 
with a long-term follow-up.
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