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CLINICAL REVIEW

First or Second Biologic in Inflammatory Bowel Disease
Combination Therapy or Monotherapy?

Roni Aoun, MD,* Suha Jabak, MD,* Fadi H. Mourad MD,*
Fadi F. Francis, MD,* Miguel Regueiro, MD,f
and Jana G. Hashash, MD, MSc¢ FACG*

Abstract: The therapeutic armamentarium for patients with
inflammatory bowel disease has been expanding. Current guidelines
make recommendations about whether patients who are biologic
naive should be receiving biologic monotherapy or combination
therapy, depending on the class of biologics. However, due to the
limited available data, guidance to inform clinical practice for
patients receiving their second or more biologic are lacking. We
hereby review the available data about the use of biologic mono-
therapy or combination therapy with concomitant immunomodu-
lator therapies in patients receiving their first as well as those
receiving their second biologic.

Key Words: combination therapy, monotherapy, biologic, IBD,
immunogenicity

(J Clin Gastroenterol 2021;55:740-746)

To date, several biologic agents are approved for the
induction and maintenance therapy of Crohn’s disease
(CD) and ulcerative colitis (UC). The choice of using bio-
logic agents as monotherapy or in combination with an
immunomodulator takes into account (i) the class of bio-
logic, (i) whether it is the first or second biologics utilized,
(iii) the presence of antidrug antibodies to a previously
administered biologic of the same class or different class, (iv)
patient preference, and (v) the presence of comorbid
conditions.

Anti-tumor necrosis factor-a (TNF) agents are often-
times given as combination therapy with an immunomo-
dulator, be it a thiopurine or methotrexate. However, other
biologics such as ustekinumab (anti-interleukin-12/23) and
vedolizumab (anti-a4p7 integrin) are given as monotherapy
due to their low immunogenicity rates and little to no added
therapeutic benefit when given in combination with
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immunomodulators. There are certain situations, however,
when anti-TNF agents are given as monotherapy, especially
when patients are unable to use an immunomodulator or
when excessive immunosuppression should be avoided. In
these situations, proactive therapeutic drug monitoring is
favored as it may decrease the risk of immunogenicity. -2

It is not uncommon for patients to switch to a second
or third biologics, either because of primary nonresponse
(mechanistic failure), development of antidrug antibodies
(immune-mediated failure), or due to adverse reactions/
complications related to the biologic. The questions that
arise are whether patients receiving their second or more
biologics should be on combination therapy with an
immunomodulator drug or not; whether this decision
depends on prior immunogenicity, or if this addition is
needed to increase the efficacy of the biologic agent. What if
immunogenicity developed to a different class of biologics;
is combination therapy still required? We hereby review the
available literature on the use of immunomodulators in
combination with the different classes of biologics admin-
istered as first or second biologics and the situations that
may tilt the balance towards the use of combination therapy
rather than monotherapy.

IMMUNOGENICITY OF DIFFERENT BIOLOGIC
AGENTS AND EFFECT OF
IMMUNOMODULATORS

Anti-TNFs

The available anti-TNF agents include infliximab,
adalimumab, certolizumab pegol, and golimumab. Loss of
response is not uncommon with the use of anti-TNF agents.
In 1 meta-analysis by Qiu et al,? the pooled incidence of loss
of response to certolizumab was found to be 41% compared
with 33% to infliximab and 30% to adalimumab. Up to 20%
of the loss of response to infliximab occurs because of
immunogenicity when trough levels become low or unde-
tectable in the presence of high antidrug antibodies.*>
Immunogenicity rates as high as 65.3% for infliximab and
38% for adalimumab have been reported.® Recently, data
has shown that the presence of HLA DQAT1*5 entails 90%
immunogenicity with anti-TNF monotherapy use.” The
addition of an immunomodulator agent (thiopurine or
methotrexate) has been shown to decrease immunogenicity.
In the Personalised Anti-TNF Therapy in CD (PANTS)
Study, immunomodulator use was a major protective factor
against immunogenicity in both adalimumab and
infliximab.? In a different meta-analysis by Qiu and col-
leagues which included 35 studies, patients receiving
immunomodulators combined with infliximab had a 49%
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decreased overall pooled risk of antidrug antibody for-
mation compared with patients receiving anti-TNF alone
(P<0.001).7% There was no difference in the protective
effect achieved among the various anti-TNF agents after
the addition of immunomodulators, and no difference with
the type of immunomodulator used, whether it was a
thiopurine or methotrexate.

Several studies have shown that the development of
antibodies to a first anti-TNF predicts the development of
antibodies to a second anti-TNF. In a recently published
study by Casteele and colleagues, concentrations of anti-
infliximab antibodies were shown to affect the subsequent
immunogenicity of adalimumab. Antiadalimumab anti-
bodies were detected in 31%, 21.5%, and 12.4% of patients
who had prior anti-infliximab antibodies concentration
>10U/mL, concentrations <10 U/mL and undetectable
antibodies, respectively.g In contrast, the concentration of
antiadalimumab antibodies did not affect the subsequent
immunogenicity of infliximab. In that same study, low levels
of infliximab (<5ug/mL) or adalimumab (<7.5pug/mL)
were significantly associated with a higher risk for sub-
sequent antibodies development to adalimumab or inflix-
imab, respectively. Interestingly, that effect was also seen in
patients who had low prior anti-TNF drug levels with no
associated antidrug antibodies.’

Vedolizumab

In the GEMINI 1 and GEMINI 2 trials, anti-
vedolizumab antibodies were detected in 18% of patients
who received induction therapy with vedolizumab and then
switched to placebo during the maintenance phase without
concomitant immunomodulator use at baseline.!%!! Tn
comparison, antivedolizumab antibodies were detected in
only 3% of patients who received a concomitant immuno-
modulator. The results were less striking when vedolizumab
was used as a continuous therapy with the rates of anti-
vedolizumab antibodies decreasing from 4% to 3% at 54
weeks when vedolizumab was used with and without a
combined immunomodulator, respectively.!2

Ustekinumab

Ustekinumab has been shown to have low immuno-
genicity. Few pharmacokinetic studies addressed the
frequency of antustekinumb antibiody development and
questioned the potential benefit of adding an immunomo-
dulator to ustekinumab. Adedokun et all® collected data
from 2 phase 3 induction studies and 1 maintenance study
on the pharmacokinetics of ustekinumab in patients with
moderate to severe CD. Serum concentrations of ustekinu-
mab were similar between patients who were on combina-
tion ustekinumab and immunomodulators compared with
those on ustekinumab monotherapy. Antiustekinumab
antibodies were detected in 1.9% (7/375) of patients who
received concomitant immunomodulators compared with
2.6% (20/779) of patients who did not.!3 Similarly, in a
different study analyzing pharmacokinetic data from 1
induction and 1 maintenance phase 3 trials in patients with
moderate to severe UC, serum concentrations of ustekinu-
mab were found to be unaffected by concomitant immu-
nomodulator use.!* However, antiustekinumab antibodies
were detected in 3.1% of patients receiving concomitant
immunomodulators compared with 6.8% of patients who
did not.™

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

EFFECT OF MONOTHERAPY VERSUS
COMBINATION THERAPY ON CLINICAL
OUTCOMES

Anti-TNFs

Biologic-naive Patients (First Biologic)

In the SONIC trial, combination therapy with inflix-
imab and azathioprine was superior at inducing steroid-free
clinical remission and a significant trend at achieving higher
rates of mucosal healing in patients with moderate to severe
CD compared with either therapy alone.!’ Similarly, com-
bination therapy of infliximab and azathioprine was found
to be superior to monotherapy with either agent in terms of
inducing corticosteroid free remission at week 16 in patients
with moderate to severe UC.1® In the DIAMOND Study,
the rate of endoscopic improvement at week 26 in CD
patients receiving combination therapy with adalimumab
and immunomodulators was higher (84.2%) when compared
to the monotherapy group (63.8%) (P=0.019). The phar-
macokinetic analyses of adalimumab at 26 weeks showed
higher trough levels of the drug as well as a lower rate of
antibody formation in the combination group as compared
with the monotherapy group, however, these differences
were not significant.!” Yet, the COMMIT Study showed
that the use of combination therapy of infliximab and
methotrexate for maintenance of remission in CD after
induction with steroids had similar failure rates in both
achieving prednisone free remission at week 14 and in
maintaining remission through week 50 as compared with
infliximab monotherapy.!® In a meta-analysis by Kopylov
et al,’® monotherapy with adalimumab was inferior to
combination therapy in induction of remission in CD [odds
ratio (OR)=0.78; 0.64-0.96, P=0.02] but these results were
not reproduced for maintenance of remission (OR =1.08;
0.79-1.48, P=0.48). In a retrospective real-life study from
Canada involving 11,244 patients with inflammatory bowel
disease (IBD) receiving treatment with anti-TNF, patients
treated with combination therapy had a significant decrease
in treatment failure defined as the need for IBD-related
hospitalizations, IBD-related surgery, new/recurrent
corticosteroid use, or anti-TNF switch compared with
patients receiving anti-TNF monotherapy. This was true for
both UC and CD and with the use of infliximab and ada-
limumab. In CD patients, although there was a greater
hazard of treatment failure in patients using methotrexate
over azathioprine, both used in combination therapy, this
difference was not statistically significant.2 Among UC
patients, however, the use of methotrexate was associated
with an increased hazard for the composite outcome (ie,
hospitalization, surgery, corticosteroid use, or switch of
anti-TNF) over the use of thiopurines, also when used in
combination therapy.?’ Table 1 includes a summary of all
the above studies.

Second Biologic

Frederiksen and colleagues, in 2014, showed that
immunogenicity of infliximab influenced immunogenicity
and clinical outcomes of later adalimumab therapy. In this
retrospective study, patients with previous anti-infliximab
antibodies development were significantly more prone to
develop antiadalimumab antibodies (33%) than those with-
out anti-infliximab antibodies (0%) (OR estimated=11,
P=0.04).27 In 2018, Roblin et al?® reiterated these results
showing that patients who failed first anti-TNF with high
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TABLE 1. Effects of Monotherapy Versus Combination Therapy on Different Outcomes Among CD and UC Patients

First or Second No. Statistical Benefit From
Biologic Agents Biologics Disease References Study Type IMM Patients Outcome Estimate Adding IMM
Anti-TNFs CD Tagrownik Retrospective AZA or MTX 8129 Treatment failure aHR =0.77 Yes
et al?® (0.66-0.90)
ucC Tagrownik Retrospective AZA or MTX 3115 aHR =0.72 Yes
et al?0 (0.62-0.84)
Infliximab First biologic CD Colombel et al'’ RCT AZA 2.5 mg/kg/d 338 Clinical P=0.02 Yes
remission—24 wk
200 Endoscopic P=0.06 No
remission—24 wk
Feagan et all$ RCT MTX 10-25 mg/wk 126 Clinical remission—14 wk P=0.83 No
Clinical remission—50 wk P=0.63 No
ucC Panacc}gne RCT AZA 2.5 mg/kg/d 155 Clinial remission—16 wk P=0.017 Yes
et al
Endoscopic P=0.29 No
remission—16 wk
Second biologic  CD and Roblin et al?! Prospective AZA 2-2.5mg/kg/ 50 Clinical failure—24 wk HR =0.22; Yes
UC d P <0.001
Pharmacokinetic HR =0.16; Yes
failure—24 wk P<0.001
Adalimumab First biologic CD Matsumoto RCT AZA 25-100 mg/d 176 Clinical remission—26 wk OR =0.84; No
et all’ P=0.63
Endoscopic P=0019 Yes
improvement—26 wk
Kopylov et al’? SR and meta- NS 1984 Induction of OR =0.79; Yes
analysis remission—12 wk P=0.02
Maintenance of OR =1.08;
remission—12 mo P=0.61
ucC
Second biologic  CD and Roblin et al?! Prospective AZA 2-2.5mg/kg/ 40 Clinical failure—24 wk HR =0.11; Yes
UC d P=0.003
Pharmacokinetic HR =0.12; Yes
failure—24 wk P <0.001
Vedolizumab First biologic CD and Hu et al?? Prospective AZA, 6-MP, or 549 Clinical response—54 wk P=0.33 No
ucC MTX
CD Colombel et al**  RCT (post hoc) AZA or 6-MP 115 Clinical remission—6 wk NS No
72 Clinical remission—52 wk NS No
ucC Colombel et al'!  RCT (post hoc) AZA or 6-MP 99 Clinical remission—S8 wk NS No
52 Clinical remission—52 wk NS No
Second biologic CD No data
available
UC No data
available
Ustekinumab First biologic CD Hanauer et al?* RCT AZA, 6-MP, or 567 Antibody NS No
MTX formation—44 wk
Clinical remission—152 wk NS No
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No

0.52

P=

Prospective AZA, 6-MP, or Clinical response—>54 wk
MTX

Hu et al®?

CD*

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.
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No data
available

Wils et al?’

ucC

Yes

5.43;
0.03
1.00

P
P

122 Clinical benefit—3 mo OR
MTX

AZA, 6-MP, or
AZA, 6-MP, or

Retrospective

CD

Second biologic

No

Clinical remission—26 wk

62

Prospective

Battat et al?®

MTX

No

0.14

P=

Endoscopic remission—
26 wk
USTE concentrations—

No

P=02

26 wk

No data
available

ucC

*Included also 4 patients with UC.

aHR indicates adjusted hazard ratio; AZA, azathioprine; CD, Crohn’s disease; HR, hazard ratio; IMM, immunomodulatory; 6-MP, 6-mercaptopurine; MTX, methotrexate; NS, nonsignificant; OR, odds ratio; RCT,

randomized controlled trial; SR, systematic review; UC, ulcerative colitis; USTE, ustekinumab; TNF, tumor necrosis factor.

anti-TNF antibodies, had high failure rates with their sec-
ond anti-TNF; 15% at week 30 and 69% at week 102. The
short-term remission was not sustained over time, and the
pharmacokinetic profile of the second anti-TNF was similar
to that of the first anti-TNF with 85% of the cases devel-
oping high antibodies to the second anti-TNF when pre-
scribed as monotherapy. In this study, patients receiving
combination therapy with an immunomodulator were
excluded.

In a prospective study including 52 patients who failed
adalimumab monotherapy even after optimization of the
dose, of the patients who failed due to immunogenicity
(n=15), switch to infliximab lead to 80% clinical remission in
these patients.?’ Roblin and colleagues, however, showed that
more favorable outcomes were achieved after a switch to a
second anti-TNF (adalimumab or infliximab) in combination
with azathioprine as compared with a switch to anti-TNF
monotherapy in patients who had immunogenic failure to the
first anti-TNF. There were high survival rates without clinical
failure (77%) at 24-month follow-up in the combination group
as compared with 22% in the monotherapy group
(P<0.001).2! Table 1 summarizes these studies.

Vedolizumab

Biologic-naive Patients (First Biologic)

Data regarding the clinical efficacy for the use of
vedolizumab as monotherapy compared with combination
with an immunomodulator are scarce. There are no pro-
spective clinical trials specifically designed to compare the 2
treatment strategies in CD or in UC. Most relevant data
come from post hoc analyses of the randomized clinical
trials of GEMINI 1 and GEMINI 2. These studies showed
no difference in clinical efficacy at weeks 6 and 53 for CD
and UC patients who received vedolizumab monotherapy in
comparison to those who received it in combination with an
immunomodulator.!’-?3 In addition, several observational
studies showed no clinical benefit for adding an immuno-
modulator to vedolizumab in patients with CD or UC, but
rather an increase in safety risk with the addition of
immunomodulators.’® In a study by Allegretti et al3!
however, the addition of an immunomodulator to vedoli-
zumab in CD patients was a significant predictor of clinical
response or remission at week 54 when it is added later on
(after the induction phase), with an OR of 8.33. This effect
was not statistically significant when the immunomodulator
was started in the induction phase, after adjusting for con-
founders. This finding suggests a potential benefit of adding
an immunomodulator to vedolizumab as a concomitant
therapy for synergistic effect when patients have a less than
adequate response to induction therapy, rather than an
effect on immunogenicity. The beneficial effect of combi-
nation therapy was not shown in patients with UC.3! In a
recent prospective study, Hu and colleagues followed 381
patients (203 with CD and 178 with UC) treated with
vedolizumab. After 1 year of follow-up, there was no dif-
ference in clinical response or remission or in endoscopic
remission when treatment was combined with an immuno-
modulator compared with when administered as
monotherapy.?? Table 1 summarizes these studies.

Second Biologic

To date, there are no data investigating the use of
combination therapy with immunomodulators in patients
starting vedolizumab as a second or more biologics.
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Ustekinumab

Biologic-naive Patients (First Biologic)

A long-term extension of the IM-UNITI clinical trial
revealed similar antidrug antibodies at week 44 in the usteki-
numab monotherapy group as compared with ustekinumab
combined with immunomodulatory group.2* In addition, there
was no association in the remission rate at week 152 between the
combination versus ustekinumab monotherapy groups.?* In the
prospective study mentioned earlier, Hu and colleagues followed
219 patients with CD treated with ustekinumab. After 1 year of
follow-up, there was no difference in clinical response, clinical
remission, or endoscopic remission when treatment was com-
bined with an immunomodulator compared with when admin-
istered as monotherapy.?? Table 1 summarizes these studies.

Second Biologic

In a retrospective study that included data from 122
CD patients who received ustekinumab after the failure of
anti-TNF, concomitant immunomodulator use at baseline
was the only predictive factor of a clinical benefit at
3 months with an OR of 5.43.25 However, it is worth
mentioning that the follow-up period was short, and only
15% of patients were on combination therapy. In another
prospective study, 62 CD patients who were either refrac-
tory or intolerant to anti-TNF received ustekinumab. The
ustekinumab concentration levels, rates of steroid-free
remission as well as endoscopic response and remission were
similar for patients who received a concomitant immuno-
modulator and those who did not.2° In summary, adding an
immunomodulator to ustekinumab after an anti-TNF

failure showed mixed results in terms of clinical efficacy.
Benefits from adding an immunomodulator might depend
on the reason behind prior biologic failure. Further pro-
spective trials with larger sample sizes are needed to address
these specific questions. Table 1 summarizes these studies.

GUIDELINES AND RECOMMENDATIONS

The 2013 American Gastroenterological Association
(AGA) guidelines recommend using combination therapy
with immunomodulators over anti-TNF alone for the
induction of patients with moderate to severe CD.32 How-
ever, for maintaining remission in patients with CD, the
AGA makes no recommendations for or against the use of
combination therapy compared with anti-TNF alone.’? As
for the use of the newer biologics for induction of CD, the
AGA makes no recommendations regarding combination
therapy when using vedolizumab or ustekinumab.3>34

Similarly for UC, the 2020 AGA makes a conditional
recommendation to use combination biologic therapy with
immunomodulators over biologic therapy alone for induction of
remission in outpatients with moderate to severe UC.3* The
AGA mentions that patients with less severe disease and who are
concerned about the side effect profile of the medications/safety
may reasonably choose biologic monotherapy.3* The AGA
guidelines make no recommendations regarding use of combi-
nation therapy when using biologics, especially vedolizumab or
ustekinumab, during maintenance of remission. For infliximab,
the quality of evidence is very low, supporting the use of com-
bination therapy with immunomodulators for the maintenance
of remission.

First Biologic

/\

Anti-TNF

l

Combination therapy with
MM

|

Loss of Response

T e

No immunogenicity
(mechanistic failure)

Immunogenicity

I l

Second anti-TNF in
combination with IMM

Second biologic: USTE or VEDO

USTE or VEDO

|

Monotherapy

!

Loss of Response

I

Immunogenicity or
No Immunogenicity

|

Anti-TNF in combination with IMM

Py tilll—“ id

combination therapy with IMM)

If second biologic is USTE or VEDO:
monotherapy (individualize need for
combination therapy with IMM)

need for
If second biologic is USTE or VEDO:
monotherapy (individualize need for
combination therapy with IMM)

FIGURE 1. Author’s approach to the use of first and second biologic therapy. IMM indicates immunomodulatory including thiopurines
and methotrexate; USTE, ustekinumab; VEDO, vedolizumab; TNF, tumor necrosis factor.
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As for the American College of Gastroenterology
(ACG), guidelines on the management of CD recommend
combination therapy of anti-TNF and immunomodulators
for the induction and maintenance of moderate to severe
CD. Regarding the newer biologics, the ACG recommends
the use of vedolizumab with or without an immunomodu-
lator for induction of remission in patients with moderate to
severe CD.!0 The guidelines do not comment on adding
immunomodulators to ustekinumab when used as an
induction or maintenance treatment for CD.

The ACG UC guidelines mention that robust data for
use of combination therapy exist only for infliximab and
thiopurines. The ACG recommends using combination
therapy with immunomodulators over infliximab mono-
therapy for the induction of remission in patients with
moderate to severe UC. The ACG makes no recom-
mendations for or against the use of combination therapy
for the maintenance of remission.?> The guidelines do not
comment on the use of immunomodulators in patients
receiving vedolizumab or ustekinumab during induction or
maintenance of therapy.®

To date, the guidelines do not make recommendations
about the use of monotherapy or combination therapy when
patients are receiving their second, third, or more biologics.
In addition, there is no distinction whether combination or
monotherapy in these patients should be based on prior
antidrug antibodies and if these antibodies where towards a
same class of drug or not.

CONCLUSIONS

In summary, when using an anti-TNF for induction
and maintenance of UC or CD, it is recommended to use it
in combination with an immunomodulator, as displayed in
Figure 1. As for the use of vedolizumab or ustekinumab in
biologic-naive patients, it is reasonable to use them as
monotherapy without an immunomodulator agent, given
their low immunogenicity, the lack of added clinical benefit,
as to not compromise their safety profile. The immunoge-
nicity of vedolizumab might be reduced by combining it
with an immunomodulator, however, the baseline immu-
nogenicity is already very low (4%), and it is unlikely that a
significant improvement would be gained by adding an
immunomodulator. Similar to vedolizumab, in biologic-
naive patients, combining an immunomodulator to usteki-
numab seems to provide little, if any, impact on clinical
efficacy and no significant effect on serum drug level or on
the development of antiustekinumab antibodies. Ustekinu-
mab appears to have low baseline immunogenicity, and it
seems appropriate to use ustekinumab as monotherapy
when used as a first biologic. Further prospective trials with
a larger sample size addressing these questions are needed.

Data is missing to inform clinical practice for the use of
combination or monotherapy for second, third or more bio-
logic agents in patients with IBD. In patients who developed
antibodies to their first anti-TNF, there are data to suggest an
increased risk for antibody formation with the second anti-
TNF agent, and in this situation, combination anti-TNF and
immunomodulator therapy would lead to improved outcomes.’
It is the authors’ practice to use combination therapy for
patients being initiated on an anti-TNF therapy, specifically
infliximab (Fig. 1). However, emerging data and practice pat-
terns suggest that monotherapy anti-TNFs with proactive
therapeutic drug monitoring is a reasonable strategy. Given the
low immunogenicity of vedolizumab and ustekinumab, we use

Copyright © 2021 Wolters Kluwer Health, Inc. All rights reserved.

these agents as monotherapy and do not add an immunomo-
dulator. In severe IBD, when 2 mechanism of action agents are
desired, or in patients who have formed antibodies to multiple
biologics, we weigh the risks and benefits of a combination with
immunomodulators and individualize the management of these
patients.
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