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Biologic monotherapy versus combination therapy with
immunomodaulators in the induction and maintenance of remission
of Crohn’s disease and ulcerative colitis

Jana G. Hashash?*, Carla G. Abou Fadel"*, Hussein H. Rimmani?, Ala I. Sharara?

American University of Beirut Medical Center, Beirut; Bellevue Medical Center, Mansourieh, Lebanon

Despite current guidelines, the optimal treatment of patients with inflammatory bowel disease
(IBD) remains challenging. The available medications are not without risk and there is not
a single correct treatment regimen for every patient. Personalizing treatment and selecting
the most appropriate therapy is crucial for optimal response, remission, quality of life, and
healthcare utilization. Biologics, especially anti-tumor necrosis factor-o. medications, are widely
used in the induction and maintenance of disease remission in patients with IBD. Similarly,
immunomodulators, including thiopurines and methotrexate, are traditionally popular for the
maintenance of remission. In this manuscript, we review the use of biologic monotherapy vs.
combination therapy with immunomodulators for the treatment of ulcerative colitis and Crohn’s
disease. We examine overall remission, immunogenicity and adverse effects, mainly serious
infections and malignancy, in an effort to help guide treatment decisions and weigh the risks and
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Abstract
benefits of biologic monotherapy vs. combination therapy.
azathioprine
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Introduction

Inflammatory bowel disease (IBD), which includes
ulcerative colitis (UC) and Crohn’s disease (CD), is a general
term describing chronic inflammatory diseases that affect the
gastrointestinal tract. The incidence of IBD has been on the
rise worldwide. IBD is estimated to affect 1.6 million USA
residents and up to 3.7 million European residents [1-3]. IBD
affects patients of all age groups, but has 2 peaks: a main peak
between ages 15 and 25 years and another peak in the fifth to
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seventh decade of life [4-7]. Patients with IBD tend to have a
diminished quality of life, especially those with active disease.
The ultimate goal of treatment is to induce disease remission
and to maintain it.

Todate,IBDhasnocureand currenttreatmentsareassociated
with a number of side-effects. Available medications for the
treatment of IBD include corticosteroids, 5-aminosalycilic
acid (5-ASA) drugs, immunomodulators, biologic agents
and small molecules. Corticosteroids are commonly used
in symptomatic patients with moderate-to-severe UC and
CD to induce remission. They are not generally used for the
maintenance of remission, because of their side-effect profile
and lack of effectiveness when used for prolonged periods of
time. Immunomodulator drugs include methotrexate and the
thiopurines, azathioprine, and 6-mercaptopurine. Thiopurines
have a slow onset of action with clinical remission observed at
12-17 weeks [8], compared to 6-8 weeks for methotrexate [9],
which explains the use of the latter as an induction agent in
CD. They are steroid-sparing drugs and are commonly used to
maintain remission after induction with corticosteroids.

Immunomodulatorsarealsocommonlyusedin combination
with biologic medications for a synergistic effect to achieve
and maintain disease remission. Additionally, combination
therapy is used to decrease the risk of immunogenicity to
the biologic agent. This results in prolongation of the drug’s
life in addition to higher serum drug levels [10,11]. Biologics
include anti-tumor necrosis factor-o. (anti-TNF-a) drugs
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such as infliximab (chimeric anti-TNF-o), adalimumab
(a fully human monoclonal anti-TNF-a), certolizumab pegol
(a human monoclonal anti-TNF-a), and golimumab. Biologics
also include anti-integrin monoclonal antibodies, such as
vedolizumab and natalizumab, as well as the anti-interleukin
(IL)-12/IL-23 antibody medication, ustekinumab. An oral
drug, tofacitinib, acts by non-selectively inhibiting the Janus
kinase enzyme and was recently approved for the treatment of
moderate-to-severe UC [12].

For the management of CD, the American
Gastroenterological Association (AGA) guidelines currently
recommend the use of anti-TNF-o drugs to induce remission
in high-risk CD patients [13]. The AGA also suggests the
use of anti-TNF-ot combined with thiopurines over anti-
TNF-0. monotherapy to induce remission [13]. The latter
recommendation is supported with moderate-quality evidence
and is a weak recommendation. As for the maintenance
of remission in patients with moderate-to-severe CD, the
AGA strongly recommends using an anti-TNF-o drug over
no anti-TNF-ot to maintain a corticosteroid-induced or an
anti-TNF-o-induced remission [13]. This recommendation
is supported by high-quality evidence. The AGA makes no
recommendations for or against the use of combination
therapy with an anti-TNF-a drug and a thiopurine vs. anti-
TNF-0, drug monotherapy to maintain remission in these
patients. This recommendation (or lack of reccommendation) is
backed up by low-quality evidence.

As for the management of UC, the AGA classifies patients
as low- or high-risk based on their risk for colectomy [14].
High-risk patients tend to be young (<40 years of age),
have extensive colitis, deep ulcers on colonoscopy, elevated
C-reactive protein (CRP) and erythrocyte sedimentation
rate, require steroids, and have a history of hospitalization,
cytomegalovirus or Clostridioides difficile infections. High-risk
patients can be treated as outpatients or inpatients, depending
on their symptoms and how ill they are. These patients can
be induced with corticosteroids and/or anti-TNF-o. agents
and then maintained on thiopurines or anti-TNF-a drugs
with or without immunomodulators [14]. Thiopurines are
either used to maintain corticosteroid-free remission, or in
combination with biologics in particular to decrease the risk of
immunogenicity [15]. There are no strong recommendations
for the use of combination therapy over biologic monotherapy
based on the AGA guidelines [14].

There are many studies investigating the pros and cons of
using biologic monotherapy compared to combination therapy
(biologic agent with immunomodulator) in the induction and
maintenance of UC and CD remission. Factors that would
favor monotherapy include safety, lower financial burden and
better compliance. Studies that show comparable remission
rates and comparable immunogenicity risk amongst patients
receiving biologic monotherapy and combination therapy
make the choice of combination therapy obsolete; however,
other studies that show lower response rates and a high risk
of immunogenicity with monotherapy make combination
therapy more appealing, even in the presence of an increased
risk of serious events. In this paper, we review the published
data comparing the use of monotherapy with combination
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therapy in remission induction and maintenance therapy for
adult UC and CD patients.

(@]

Monoclonal anti-TNF-o. drugs used in CD include
infliximab, adalimumab and certolizumab pegol. These
monoclonal antibodies are associated with remission rates of
35-80% [16], while a loss of response occurs in approximately
10-15% of patients annually [17].

The AGA guidelines are in agreement with the World Congress
of Gastroenterology and recommend that combination therapy
with infliximab and azathioprine is more effective than infliximab
monotherapy at inducing CD remission [13,18]. The European
Crohn’s and Colitis Organization (ECCO) guidelines recommend
the use of anti-TNF-a in the induction of remission for CD, and
make a distinction between adalimumab and infliximab [19].
For induction with adalimumab, the recommendation is against
the use of combination adalimumab and thiopurine compared
to adalimumab monotherapy (weak recommendation),
while combination therapy is recommended in patients
being initiated on infliximab (strong recommendation) over
infliximab monotherapy for moderate-to-severe CD [19]. For the
maintenance of remission, if anti-TNF-o was used for induction it
should be continued, with or without immunomodulators. More
recently, ustekinumab and vedolizumab have been approved as
first-line biologics in the induction and maintenance of remission
of moderate-to-severe CD [19-21].

Infliximab

The Study of Biologic and Immunomodulator Naive
Patients in CD (SONIC) trial was one of the pioneer studies
that evaluated the rates of induction of remission, comparing
different medications used, amongst moderate-to-severe CD
patients naive to both immunomodulators and anti-TNF-a
drugs [22]. In this randomized controlled trial, a total of 508 CD
patients with moderate-to-severe CD (mean disease duration
2.2-2.4 years) were randomized to receive either azathioprine
monotherapy, infliximab monotherapy, or combination
therapy with azathioprine and infliximab. This study showed
that, at week 26, combination therapy was more effective than
either infliximab monotherapy or azathioprine monotherapy
at inducing corticosteroid-free clinical remission. Similarly,
a trend for higher rates of mucosal healing were achieved in
patients receiving combination therapy compared to infliximab
monotherapy (P=0.06) and significantly higher when compared
to azathioprine monotherapy (P<0.001) [22]. These results
from the SONIC trial demonstrated that patients with early
moderate-to-severe CD, naive to both drugs, who received
combination therapy (with infliximab and azathioprine)
had a more favorable outcome compared to those receiving
infliximab monotherapy or azathioprine monotherapy. This
advantage is unclear in patients who have previously failed to
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respond to one of these medications. In support of the SONIC
trial, an early study by D’Haens et al also showed that early
combination therapy was superior to conventional therapy for
the induction of clinical remission [23].

In the SONIC study, the benefits of combination therapy were
still present at 1 year from initiation of the trial, although this
study was not designed to evaluate maintenance of remission
but was rather an induction trial with a long follow up. Post hoc
analyses of the SONIC trial showed superiority of combination
therapy in achieving composite measures of deep remission [24].
Hazlewood et al also demonstrated that initial combination
therapy was superior to infliximab monotherapy in the
maintenance of remission [25]. A small open-label randomized
trial examined the effect of combination therapy (infliximab
with immunomodulator) compared to infliximab monotherapy
on the maintenance of remission of CD patients [26]. In this
study, CD patients initially treated with combination therapy
(infliximab/immunomodulator) for at least 6 months were
then randomized to continuation of combination therapy
vs. discontinuation of the immunomodulator. The results of
this study showed that combination therapy was not superior
to infliximab monotherapy in terms of disease relapse [26].
However, the study was underpowered. Additionally, it was
noted that patients who continued on combination therapy
had lower CRP levels and higher infliximab trough levels,
which reflect remission and inactive disease, hinting that
a longer follow-up study might have shown significant
differences in outcome [26]. In a recent retrospective study,
Drobne et al evaluated the withdrawal of immunomodulators
from CD patients treated with combination therapy (infliximab/
immunomodulator) for at least 6 months [27]. This study
showed that the trough infliximab levels of CD patients on
combination therapy remained stable after discontinuation of
the immunomodulator. The study also showed that, among
patients who discontinued immunomodulator therapy, 38%
required infliximab dose escalation.

In the COMMIT randomized controlled trial of 126 CD
patients, which compared infliximab monotherapy with a
combination of infliximab and methotrexate, patients started
on prednisone within 6 weeks and tapered for 14 weeks
were included and followed up for 50 weeks [28]. There was
no significant difference between the infliximab and the
combination infliximab/methotrexate group in terms of
efficacy of therapy and corticosteroid-free remission rates
at 54 weeks. This study included patients already started on
steroids as well as long-standing CD, and this may have affected
the results [28].

Magro et al evaluated the predictive factors of CD
phenotype progression by prospectively collecting data on
736 patients and following them over 12.3 years. Phenotype
progression was defined as progression from a non-stenosing
non-penetrating behavior (Bl) to a fibro-stenosing (B2)
and/or penetrating phenotype (B3). Azathioprine use as
monotherapy or in combination with anti-TNF in patients with
phenotype B1 CD resulted in a delay in phenotype progression
compared to untreated patients, with hazard ratios (HR) for
disease progression of 0.15 (95% confidence interval [CI]
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0.113-0.199) for monotherapy and 0.33 (95%CI 0.212-0.507)
for combination therapy [29].

Adalimumab

The DIAMOND study evaluated the efficacy of adalimumab
with or without the addition of azathioprine [30]. In this
prospective, multicenter, open-label randomized clinical trial,
177 biologic- and thiopurine-naive patients with moderate-to-
severe CD were included and followed for 52 weeks. The primary
endpoint of the study was clinical remission at 26 weeks. Of
the patients in the monotherapy group, 71.8% met the primary
endpoint, compared to 68.1% in the combination group
(P=0.63). In this study, 63.8% of patients in the monotherapy
group showed endoscopic improvement at 26 weeks compared
to 84.2% in the combination group (P=0.019). In addition,
pharmacokinetic analyses of adalimumab at 26 weeks revealed
higher trough levels of adalimumab and a lower ratio of
antibody to adalimumab in the combination group compared
to the monotherapy group; however, these differences were not
significant [30].

A meta-analysis from 2014 showed that the response rates
of CD improve with combination therapy (using adalimumab)
compared with adalimumab monotherapy, but there was no
clear improvement in the 1-year remission rates or the need for
dose escalation [16]. In a different meta-analysis from 2017,
Chalboub et al showed that a combination of adalimumab
and immunomodulators was not superior to adalimumab
monotherapy for the induction and maintenance of remission
in CD, but that combination therapy was associated with lower
immunogenicity [31].

Infliximab and adalimumab

Cosnes et al retrospectively assessed the response rates of
biologic-naive CD patients who received biologic monotherapy
(adalimumab or infliximab) and those who received at least
4-6 months of initial combination therapy with anti-TNF-ocand
azathioprine or methotrexate [32]. Response rates at 6 months
and at 2 years of patients from the combination therapy
group were superior to those from anti-TNF-o. monotherapy
(whether infliximab or adalimumab). Additionally, drug
survival was longer with combination therapy compared to
biologic monotherapy [32]. There were no differences noted
between the type of biologic therapy amongst the monotherapy
or the combination therapy groups.

More recently, Ananthakrishnan et al published the results
of a multicenter prospective cohort that examined the effect
of combination therapy on disease outcome for both CD and
UC [33]. It was shown that the benefit of combination therapy
was more pronounced amongst CD patients with complicated
disease, especially when combination therapy was initiated
early after diagnosis.

The REACT study assessed whether early combined
immunosuppression (anti-TNF-o. and immunomodulator) is



better than the conventional step-up treatment for CD [34].
This cluster randomized controlled study of more than 1000 CD
patients showed no significant change in clinical remission, but
found a decrease in 2-year need for surgery, hospital admission
and serious CD-related complications in the group in which
immunomodulators were introduced early [34]. This study had
limitations, including the lack of ileocolonoscopies to assess
disease activity and that treatment was compared to standard of
care. Hoekman et al evaluated the long-term outcomes of early
combined immunosuppression vs. conventional management
in CD patients over a median follow-up duration of 8 years.
Again, there was no difference in the clinical remission rates.
In addition, the rates of endoscopic remission, hospitalization,
surgery and new fistulas were similar between the 2 groups.
However, there was a decrease in the rates of relapse, use of
anti-TNF agents and corticosteroids in the top-down strategy
compared to the step-up strategy [35].

A meta-analysis by Jones et al evaluated 11 randomized
controlled trials of anti-TNF-ot agents (infliximab, adalimumab
and certolizumab pegol) in CD patients who had already failed
immunomodulator therapy [36]. These patients were not naive to
anti-TNF-o nor immunomodulator therapy and had luminal or
fistulizing CD. This meta-analysis found that combination therapy
was not more effective than biologic monotherapy at inducing
6-month remission, inducing a response, maintaining a response,
or inducing partial or complete fistula closure [36]. A recent
retrospective cohort study showed no benefit of combination
therapy over monotherapy, but this study had a major limitation
pertaining to the nature of administrative data [37]. In this
study, combination therapy was defined as one prescription for
immunomodulatory medication, so filling the immunomodulator
prescription 30 days before or after the initiation of anti-TNF
therapy would count as combination therapy [37].

Peyrin-Biroulet et al conducted a multicenter retrospective
study in which the short-term effect of anti-TNF-a
monotherapy was evaluated at weeks 4 to 12, as no response,
partial response or complete response [38]. A total of 350
adults with CD received anti-TNF-o. monotherapy (51%
infliximab, 49% adalimumab) and were followed for a mean
duration of 42 months. Immunomodulators were introduced
in patients who lost response to the anti-TNF-o therapy. An
immunomodulator was initiated in 53 patients, with a greater
need for immunomodulator initiation in patients on infliximab
compared to those on adalimumab (P=0.0058) and in patients
on second-/third-/fourth-line anti-TNF-a therapy compared
to first-line anti-TNF-or (P=0.014). It was noted that, at last
follow up, 38 patients (73.1%) were in clinical remission and
that only 6% of patients were anti-TNF-o. non-responders,
indicating that anti-TNF-o. monotherapy with infliximab is
very effective for short-term treatment of CD [38]. Infliximab
was also found to avoid the need for surgery. The percentage
of intestinal resections in patients in their fifth year of anti-
TNEF-a monotherapy was 24.9% and the rate of hospitalization
was 19.2% [38]. Table 1 displays the different studies that used
combination therapy or monotherapy in the treatment of CD.

Targownik et al compared IBD-related complications
between anti-TNF-naive patients started on monotherapy
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and those started on combination therapy. In this population-
based study, combination therapy showed better treatment
effectiveness in CD patients (n=852). There was a longer time
until hospitalization or until a change of anti-TNF agent was
required; however, surgery rates and the use of corticosteroids
did not differ between the 2 arms [39]. In a retrospective
study that evaluated the persistence of all biologic drugs
(infliximab, adalimumab, certolizumab, golimumab and
vedolizumab) in 5612 CD and 3533 UC patients, the risk of
biologic discontinuation was lower in patients initiated on
immunomodulators 30 days prior to initiation of the biologic
therapy, compared to those on biologic monotherapy, with a
HR of 0.22 (95%CI 0.16-0.32) [40].

Vedolizumab

The 2018 American College of Gastroenterology (ACG)
guidelines on management of CD recommend vedolizumab
use, with or without an immunomodulator, for the induction of
symptomatic remission in patients with moderately to severely
active CD [20]. In a study by Allegretti et al, clinical response
or remission at week 54 in 96 patients with CD was higher
in those on combination therapy, with an odds ratio (OR) of
2.71 (95%CI 1.11-6.57) for those on an immunomodulator
from the beginning and an OR of 11.49 (95%CI 3.16-41.75)
for those who had an immunomodulator added on a later
basis [41]. Based on post hoc analyses from GEMINI 1 and 2,
Colombel et al found no clinical benefit at either week 6 or week
52 from combining vedolizumab with an immunomodulator,
compared to using it as monotherapy [42,43].

As stated in the ACG guidelines, prospective clinical trials
comparing vedolizumab use as monotherapy vs. combination
therapy with an immunonodulator are still lacking, and it
is unclear whether the combination strategy works via a
synergistic effect or by reducing the immunogenicity, which is
already very low to start with (4%) [44].

In a retrospective study by Hu et al, which included
549 patients (236 UC and 286 CD) on vedolizumab maintenance
therapy of whom 131 (23.9%) were on combination therapy,
with either thiopurine (n=78) or methotrexate (n=53), there was
no difference in clinical response or remission rates, endoscopic
remission or persistence of therapy between the monotherapy
and the combination therapy groups at 1-year follow up [45].

Ustekinumab

CD patients enrolled in the IM-UNITI pivotal clinical trial
were followed for up to 5 years after induction and maintenance
treatment with ustekinumab. This long-term extension (LTE)
revealed that 55.1% of CD patients who entered the LTE and
who were on the 8-week dosing interval of ustekinumab were
in remission at week 152, compared to 56.3% in those who
received the 12-week interval dosing. No association was
found between the remission rate at week 152 and the use of an
immunomodulator at week 44 [46].
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Table 1 Summary of studies using combination therapy or monotherapy in patients with CD

Study [Ref.]  Design Disease ~ Number Outcomes Drugs studied Results Limitations
type and type studied
of patients
included
SONIC [22] RCT CD 508 Induction and IFX vs. AZA vs. Corticosteroid- Information on
maintenance of combination free clinical hospitalization
Moderate-  corticosteroid- therapy (IFX + remission at 26 and
to-severe free remission AZA) weeks and mucosal surgery rates are
CD healing better lacking
patients for combination
therapy arm The trial is not a
long-term disease
modification
trial
COMMIT RCT CD 126 Primary IFX vs. combo (IFX  No difference Patients already
[28] outcome: Time + MTX) between the IFX started on
Patients on  to treatment monotherapy and steroids and
steroids for  failure, defined the combination patients with
induction as lack of IFX and MTX long-standing
of prednisone- groups in terms of CD were
remission free remission efficacy of therapy included
at week 14 and corticosteroid- and this may
or failure free remission rates  have shifted the
to maintain at 54 weeks results
remission
through week 50
DIAMOND  Open-label CD 177 Clinical ADA vs. Clinical remission Open-label study
[30] prospective remission at combination at 26 weeks: 71.8%
randomized Biologic week 26 therapy (ADA + monotherapy vs. Statistically
trial and AZA) 68.1% combination underpowered
thiopurine group (P=0.63)
naive
patients Endoscopic response
with at 26 weeks: 63.8%
moderate- in the monotherapy
to-severe group vs. 84.2% in
CD the combination
group (P=0.019)
REACT Cluster CD 1,727 Proportion Early combined No significant Lack of
[34] RCT of patients in immunosuppression  change in clinical ileocolonoscopies
corticosteroid- with anti-TNF remission, but to assess
free remission at  (IFX or ADA) and decrease in disease activity
12 months at the ~ immunomodulator 2-year need for
practice level (AZA or MTX surgery, hospital Treatment was
or 6-MP) vs. admission and compared to
conventional serious CD-related standard of care
therapy for the complications in
treatment of CD the group with early

introduction of

immunomodulators

in more than 1000
CD patients

RCT, randomized controlled trial; CD, Crohn’s disease; IFX, infliximab; AZA, azathioprine; MTX, methotrexate; ADA, adalimumab; TNE, tumor necrosis factor;

6-MP, 6-mercaptopurine

Data on 122 patients with anti-TNF-a refractory CD
was collected from the GETAID study. Immunosuppression

use concomitantly with ustekinumab at inclusion was a

predictive factor of clinical efficacy at 3 months, with an OR of
5.43 (95%CI 1.14-25.77); P=0.03. However, it should be noted
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that a minority of patients, 15% (18/122), were on combination
therapy and that the follow-up period was short [47].

In a study by Battat, 62 CD patients received the
induction doses of ustekinumab, which consisted of 90 mg
subcutaneously at weeks 0, 1 and 2, and were then maintained



on 90 mg subcutaneously every 4 or 8 weeks and followed
up for 26 weeks or longer. The rates of steroid-free clinical
remission, the endoscopic response and remission, and the
ustekinumab concentrations were similar between patients
on ustekinumab monotherapy and those who received
concomitant immunosuppressant [48].

Adedokun et al conducted a study on the pharmacokinetics
of ustekinumab in moderate-to-severe CD patients. They
measured the drug serum concentrations during the induction
and maintenance phases over 52 weeks. There was an
association between the serum drug concentrations and the
clinical remission rates, without evidence of an association with
immunomodulator use [49]. Based on the above, ustekinumab
is therefore recommended to be used as monotherapy in view
of the absence of added benefit from an immunomodulator.
A study by Hu et al, which included a total of 363 patients
(4 UC and 359 CD patients) on ustekinumab maintenance
therapy of whom 120 (33.1%) were on combination therapy,
either thiopurine (n=57) or methotrexate (n=63), found no
difference in clinical response or remission rates, endoscopic
remission or persistence of therapy, between the monotherapy
and the combination therapy groups at 1 year follow up [45].

uc

Monoclonal anti-TNF-o. drugs used in the treatment of
UC include infliximab, adalimumab, and golimumab [50-52].
The ACG, AGA and ECCO guidelines recommend the use of
anti-TNF-o medications for high-risk patients and for patients
who fail first-line therapy [53,54]. More recently, ustekinumab
and vedolizumab have been approved as first-line therapy in
patients with moderate-to-severe UC.

Infliximab

The ACT1 and ACT2 trials showed that infliximab is
effective in treating moderate-to-severe active UC [55].
Enrolled patients in both the placebo and infliximab arms of
these trials were on concomitant medications (corticosteroids,
5-ASA, or immunomodulators), so these trials were not
conclusive regarding the superiority of monotherapy or
combination therapy in UC [55]. The UC-SUCCESS trial
examined the outcomes of moderate-to-severe, biologic-
naive but azathioprine-exposed, UC patients randomized to
receive combination therapy with infliximab and azathioprine,
infliximab monotherapy or azathioprine monotherapy [15].
The results showed that combination therapy is superior to
infliximab monotherapy and azathioprine monotherapy in
terms of achieving corticosteroid-free remission at 16 weeks
and in terms of significantly improved mucosal healing [15].

A systematic review conducted by Christophorou et al
included 765 patients from 4 controlled trials. Of these,
389 patients were on infliximab monotherapy while the
remaining 376 patients were on combination therapy. At
4-6 months from therapy, clinical remission rates were
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significantly higher in patients receiving combination therapy
compared to infliximab monotherapy [56].

Armuzzi et al conducted a study to look for the predictors
of steroid-free clinical benefit in the long term in patients with
steroid-dependent UC [57]. Of 126 patients, 96 received a
clinical benefit, and 46 maintained the response for the follow-
up period of 41.5 months. An independent predictor of response
was the use of infliximab in combination with thiopurines, with
a HR of 3.98 (95%CI 1.73-9.14); P<0.001 [57].

Later in 2015, a retrospective multicenter French
study examined the efficacy of combination therapy with
thiopurines and infliximab beyond 6 months amongst UC
patients in prolonged steroid-free clinical remission [58].
This study showed no difference in colectomy rates between
the monotherapy (infliximab alone) and combination therapy
patients, but the latter group had fewer clinical relapses, with
an inverse relationship beyond 9 months of combination
therapy [58]. Based on these results, combination therapy
should be maintained for at least 9 months, but studies are
lacking regarding the optimal duration for combination
therapy beyond which one treatment should be withdrawn.
Table 2 displays the different studies that used combination
therapy or monotherapy in the treatment of ulcerative colitis.

Infliximab and adalimumab

A population-based study by Targownik et al did not show
a difference in treatment effectiveness amongst anti- TNF-naive
UC patients receiving monotherapy compared to combination
therapy [39]. As previously mentioned, in a retrospective study
by Chen et al that evaluated the persistence of all biologic
drugs (infliximab, adalimumab, certolizumab, golimumab
and vedolizumab) in 3533 UC and 5612 CD patients, the risk
of biologic discontinuation was lower in patients initiated on
immunomodulators 30 days prior to initiation of the biologic
therapy, compared to those on biologic monotherapy, with a
HR of 0.22 (95%CI 0.16-0.32) [40].

Golimumab

A subanalysis of the PURSUIT (Program of Ulcerative
Colitis Research Studies Utilizing an Investigational Treatment)
study showed no difference in maintenance of remission
between golimumab monotherapy and combination therapy
(one third of patients received an immunomodulator along
with golimumab) [59].

Vedolizumab

The study by Allegretti et al failed to demonstrate an
increase in clinical response or remission at week 54 in
UC patients who received vedolizumab in combination
with an immunomodulator, compared to vedolizumab
monotherapy; however, the sample size was small, consisting
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Table 2 Summary of studies using combination therapy or monotherapy in patients with UC

Study Design Disease ~ Number Outcomes Drug studied Results Limitations
[Ref.] type and type studied
of patients
included
ACT-1 RCT uC 364 in each Efficacy IFX vs. IFX is effective Enrolled patients in both
ACT-2 study of IFX for placebo (both the placebo and
[55] induction and arms could IFX arms of these trials
Moderate-to- maintenance have included were on
severe UC therapy other drugs) concomitant medications
(corticosteroids,
5-ASA, or
immunomodulators), so
these trials were not
conclusive regarding the
superiority of
monotherapy or
combination therapy in
ucC
UcC- RCT uC 239 Corticosteroid-  IFX mono, Higher Patients in the AZA group
SUCCESS free clinical AZA mono corticosteroid-  may not have had a
[15] Anti-TNF remission at or [IFX + AZA  free remission full chance to experience
naive week 16 combination at 16 weeks and  an improvement in
patients with therapy better mucosal ~ mucosal healing at 8 weeks
moderate-to- healing in
severe UC patients on Study was terminated
IEX + AZA prematurely
compared to
monotherapy Small amount of evaluable
data for IFX
antibody analysis
Armuzzi Retrospective ~ UC 126 Sustained IFX vs. Use of IFX in Absence of a control arm
et al [57] observational clinical combination combination of patients treated
study Steroid- response in (IFX + with only with AZA
dependent patients who thiopurine) thiopurines
ucC achieved was an Lack of short-term
clinical independent endoscopic data
remission or predictor of
response after response
IFX induction
and colectomy-
free survival
Filippi Retrospective ~ UC 82 Disease relapse  Thiopurines No difference Retrospective
et al [58] observational defined by and IFX vs. in colectomy observational study, with
study Prolonged clinical relapse ~ IFX rates between subjective management
steroid-free requiring a monotherapy  the IFX of AZA withdrawal or
remission change of monotherapy colectomy decision
treatment, IFX and
failure, and combination Data concerning mucosal
colectomy therapy healing were not
patients analyzed, nor IFX trough
levels or ATI
Combination
therapy had

fewer clinical
relapses with
an inverse
relationship
beyond 9
months of
combination
therapy

RCT, randomized controlled trial; UC, ulcerative colitis; IFX, infliximab; 5-ASA, 5-aminosalicylates; TNF, tumor necrosis factor; AZA, azathioprine; ATI, antibody

to infliximab
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of only 40 patients [41]. Hu et al did not show a difference in
clinical response or remission rates, endoscopic remission or
persistence of therapy, between vedolizumab monotherapy
and combination therapy at 1-year follow up [45]. The study
included a total of 549 patients (236 UC and 286 CD) on
vedolizumab maintenance therapy, of whom 131 (23.9%) were
on combination therapy, either with thiopurine (n=78) or
methotrexate (n=53).

Ustekinumab

Hu et al also evaluated 363 patients (4 UC and 359 CD)
on ustekinumab maintenance therapy, of whom 120 (33.1%)
were on combination therapy, either thiopurine (n=57) or
methotrexate (n=63). Similar to the results with vedolizumab,
at 1-year follow up there was no difference in clinical response
or remission rates, endoscopic remission or persistence of
therapy, between the monotherapy and the combination
therapy groups [45].

Infections and malignancy

From the SONIC trial, the rates of serious infections were
not significantly different between the combination therapy
arm and the infliximab monotherapy arm (3.9% and 4.9%,
respectively); the overall evidence was rated moderate-quality
because of imprecision [22]. Similarly, in a systematic review
and meta-analysis by Chalhoub et al, the rates of opportunistic
infections in CD patients were not different between the
adalimumab monotherapy arm and the combination therapy
with immunomodulators arm. However, subgroup analysis
revealed higher odds of opportunistic infections in patients
who were anti-TNF-experienced, with an OR of 2.44 (95%CI
1.07-5.54) [31]. Other studies of the safety of anti-TNF-o drug
monotherapy vs. combination therapy are of low quality. They
do suggest a slight increase in lymphoma risk amongst patients
with combination therapy, but comparable risk for serious
infections amongst these 2 groups. Using the TREAT registry,
it is estimated that thiopurine treated patients had 10 more
serious infections amongst 1000 patients compared to patients
not treated with thiopurines [60].

Using the CESAME (Cancers Et Surrisque Associé aux
Maladies Inflammatoires Intestinales En France) cohort,
patients treated with thiopurines were found to have a HR
as high as 5.28 (95% CI 2.01 - 13.9) for the development of
lymphoma [61]. The absolute risk for post-transplantlymphoma
is 1/1000 patient-years in the total IBD population exposed to
thiopurines. The risk is lower, at 0.1/1000 patient-years, for early
post mononucleosis lymphomas and 0.05/1000 patient-years
for hepatosplenic T-cell lymphomas [62]. Patients receiving
combination therapy (biologic agent and thiopurine) are at
a higher risk for the development of lymphoma compared to
patients on thiopurine alone [61,63]. Infliximab monotherapy
has not been shown to increase the risk of lymphoma; however,
results from studies of adalimumab suggest a slightly increased
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risk [61,63,64]. The adalimumab trials, however, were
confounded by concomitant therapy with immunomodulators
and disease state [64]. The risk of lymphomas in combination
therapies is mainly due to azathioprine [65,66], but also to
anti-TNF [67]. It is always important to consider the risk of
lymphoma when treating IBD patients with combination
therapy, or even thiopurine monotherapy, especially in young
males, who are the highest risk population for the development
of the rare but deadly hepatosplenic natural killer T-cell
lymphoma [68]. Osterman et al assessed the risk of malignancy
with adalimumab monotherapy and compared it to the risk
associated with combination adalimumab and azathioprine in
patients with CD [69]. The results showed that adalimumab
monotherapy does not increase the risk of malignancy
compared to the general population. The rising concern about
the increased risk of lymphoma with combination therapy has
caused many physicians to favor anti-TNF-o. monotherapy
for the management of CD [68,70-73]. Indeed, the use of
combination therapy among IBD patients was shown to be
uncommon in a survey in France [74].

Patients treated with combination therapy had an
increased risk of non-melanoma skin cancers and other
malignancies [69]. This increased risk is due to the exposure
to thiopurines. Several retrospective studies and the CESAME
cohort have shown that thiopurines are associated with a
higher risk of non-melanoma skin cancers compared to IBD
patients not treated with thiopurines [75-78].

Immunogenicity

Immunogenicity is the formation of anti-drug antibodies
against the anti-TNF-a biologic agent. The recently published
PANTS study identified that the presence of HLA-DQA1*05 is
associated with the development of anti-drug antibodies in 90%
of patients receiving anti-TNF monotherapy, and that in these
patients the addition of an immunomodulator is advised [79].
There is sufficient evidence that the use of immunomodulators,
such as a thiopurine (azathioprine or 6-mercaptopurine), or
methotrexate in combination with the biologic agents reduces
the risk of immunogenicity and increases serum concentration
levels of the drug [68]. This effect leads to longer remission
duration due to a sustained medical effect. The SONIC trial
showed that infliximab levels in patients on combination
therapy were 3.5 mg/mL compared to 1.6 mg/mL in the
monotherapy arm, and that antibodies to infliximab were
detected in 0.9% of patients on combination therapy compared
to 14.6% of patients on monotherapy [22]. The meta-analysis
by Chalhoub et al comparing adalimumab monotherapy to
combination therapy with immunomodulators showed that
the latter therapy resulted in lower levels of antibodies to
adalimumab and thus decreased immunogenicity [31].

Regarding vedolizumab, the anti-drug antibodies
are reduced when vedolizumab is combined with an
immunomodulator [20]. In his review of the immunogenicity
of vedolizumab, Rosario showed that the difference in the
development of anti-vedolizumab antibodies between patients
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on monotherapy or combination therapy was minimal, being
4% vs. 3% respectively. Infusion-related reactions occurred in
5% of patients who tested continuously positive for anti-drug
antibodies [44].

The formation
uncommon, occurring in 0.7% of CD patients by week 3, as
demonstrated in the CERTIFI trial, and in 2.3% after 1 year
of maintenance therapy, as demonstrated in the IM-UNITI
trial [80]. Recently, the LTE of the IM-UNITI trial looked
at the immunogenicity with ustekinumab at week 156 and
revealed that the occurrence of antibodies was still low after
3 years of treatment. More specifically, antibody formation
occurred in only 4.6% (11/237) of patients on ustekinumab
and in just 2.4% (2/82) of those on the 8-week dosing interval.
The rates of antibodies were low regardless of concomitant
immunomodulator use, and their presence had no effect on
the clinical outcomes [46].

Regarding immunomodulator therapy, Vermeire et al
showed that both azathioprine and methotrexate are equally
efficacious in improving the effect of infliximab and in the
prevention of antibody formation and infusion reactions [11].
Therehavebeen cases where the addition ofimmunomodulators
can lead to the disappearance of anti-infliximab antibodies, if
present. The role of thiopurine in enhancing the therapeutic
effects of the infliximab possibly involves increasing the levels
of the thiopurine metabolite 6-thioguanine [81,82]; however,
this correlation did not exist with adalimumab [83]. A trial in
Belgium showed that, when an immunomodulator is initiated
with adalimumab, the anti-adalimumab antibodies persisted
and the adalimumab trough levels were not impacted by
this intervention [84]. Studies on the pharmacokinetics of
adalimumab and immunomodulators suggest that adding
azathioprine to adalimumab will not affect the clearance of
adalimumab [85-87].

The PANTS study examined the association between the
genome and immunogenicity in naive CD patients treated
with infliximab or adalimumab. Patients carrying the HLA-
DQA1*05 allele were at increased risk of development of
anti-drug antibodies, with a HR of 1.90 (95%CI 1.60-2.25).
This association could help stratify patients, according to their
HLA profile, into high vs. low risk of immunogenicity in order
to guide in the treatment decision between monotherapy or
combination therapy, respectively [79].

New studies have emerged regarding a proactive therapeutic
drug monitoring (TDM) strategy that would result in steadily
therapeutic biologic drug trough levels, as opposed to the rather
reactive TDM strategy usually followed. In a study by Fernandes
et al, patients in the proactive TDM group had higher mucosal
healing rates (73.2% vs. 38.9%; P<0.001) and lower surgical
rates (8.9% vs. 20.8%; P=0.032) compared to patients in the
non-TDM reference group; both differences were significant
[88]. A proactive TDM strategy could be an alternative to
combination therapy in order to avoid the risks of the latter,
however it increases the costs of therapy. Studies comparing
these strategies are needed to reach a conclusion. Possible good
candidates for the proactive TDM strategy would be those at
highest risk of developing lymphoma on combination therapy,

of anti-ustekinumab antibodies is
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such as young Epstein-Barr virus seronegative male patients or
adults above the age of 60-65 years [89].

Combination therapy but for how long and what dose?

The data support initiation of combination therapy,
particularly with infliximab, but the optimal duration of
continuing immunomodulator therapy prior to de-escalation
remains controversial. It has been shown that the first
6 months of combination therapy are the most important to
prevent immunogenicity [90]. Van Assche et al demonstrated
that maintaining azathioprine with infliximab after 6 months
of combination therapy does not provide any extra clinical
advantage compared to the optimization of infliximab dosing;
however, the authors did not assess the predictors of infliximab
therapy failure after azathioprine withdrawal [26]. Six months
after stopping azathioprine, the CRP levels were normal. Two
years later, however, the CRP levels were higher, infliximab
levels lower, but there was no need to escalate infliximab
dosing compared to patients who continued azathioprine [26].
Retrospective studies have shown that continuing combination
therapy for at least 2 years was associated with fewer IBD flares,
fewer perianal complications, fewer switches to adalimumab,
lower CRP levels, and stable infliximab doses [91,92]. Oussalah
et al assessed the consequences of azathioprine discontinuation
in CD patients on infliximab who had reached remission, and
they found that stopping azathioprine will lead to relapse if the
duration of the combination therapy is less than 27 months and
if the patient already has active inflammation [91].

Regarding the dose of azathioprine, Yarur ef al stated that
patients were at increased risk of developing antibodies against
infliximab when they had 6-thioguanine (6-TGN) levels below
a value of 123 pmol/8x10° red blood cells (RBC) [93]. A study
by Mogensen et al showed similar results, whereby antibodies
against anti-TNF were not detected with 6-TGN values above
117 pmol/8x10® RBC [94]. Compared to the 6-TGN threshold
of 235 pmol/8x10° RBC used for clinical efficacy in patients
on azathioprine monotherapy [95], lower doses of azathioprine
during combination therapy would be enough to prevent
immunogenicity, therefore decreasing the risk of intolerance
with the weight-based regimen.

Withdrawal of biologic therapy

IBD patients should be followed regularly to ensure
remission is maintained. Accordingly, modifications to
the medications can take place, such as de-escalation of
immunomodulators or anti-TNF-o. agents.

In the STORI trial, Louis et al prospectively investigated
whether infliximab can be safely interrupted in CD patients treated
with combination therapy for at least 1 year and who had been in
remission for over 6 months [96]. The study showed that the 1-year
relapse rate was 43.9% and the risk factors for relapse included
male sex, absence of surgical resection, leukocyte counts >6x10°/L,



hemoglobin <145 g/L, CRP >5 mg/L, and fecal calprotectin >300
ug/g. Patients with no more than 2 of the above risk factors had
a 15% chance of relapse within 1 year [96]. That STORI cohort
was followed-up over a longer period of time and it was found
that at 7 years from infliximab withdrawal, 21% of the patients
did not need reintroduction of infliximab or any other biologic
agent and did not suffer from any major complication, 70.2% of
patients had no infliximab restart failures or major complications,
whereas 18.5% of patients had major complications, defined as
either a surgical resection or new complex perianal lesions before
or after the resumption of infliximab. The risk factors for major
complications were an upper gastrointestinal disease location,
leukocyte count >5x10°/L and hemoglobin <12.5 g/dL at the time
of infliximab withdrawal [97].

Torres et al suggested that 5 specific factors should be
assessed in patients in clinical remission, in order to decide
on their maintenance therapy. These factors include: patient
demographics, disease features, treatment history, current
disease status and patient’s preferences and willingness to accept
various risks. The factors favoring de-escalation therapy were
young males and older patients, short disease extent and short
duration between diagnosis and start of effective therapy, stable
therapy with no need for dose-escalation, mucosal healing and
biological remission, trough levels (low for anti-TNF/elevated
for immunomodulator), prolonged sustained remission, and
a history of cancer or serious infections. On the other hand,
factors favoring continuation of maintenance therapy include
young age at diagnosis, perianal disease, ileal disease, extensive
disease, previous surgery, previous immunomodulator failure,
previous need for anti-TNF-o therapy, relapsing course,
elevated markers of inflammation, mucosal ulcerations,
transmural thickening, short duration of remission, and the
absence of comorbidities. Torres et al reported that stopping
immunomodulator therapy after remission will lead to
relapse in 75% of the patients (in a window of 5 years) [98].
Amongst CD patients receiving combination therapy, those
who discontinue immunomodulator therapy will have similar
relapse rates even if the immunomodulator is continued. This
same intervention in UC, however, will cause a decrease in the
number of patients in remission [99]. Some argued previously
that treatment of any kind can be stopped when the patient is
in “deep” remission, but the risk of relapse would still be high,
and thus this ideology was abandoned [96,100].

A recent retrospective study by Ampuero et al evaluated 75
CD patients who had achieved remission within 6 months of
starting an immunomodulator and anti-TNF-o. combination
therapy, when one of the 2 drugs was withdrawn. As a result,
28% of patients relapsed. This relapse rate was mainly affected
by CRP levels, where CRP >5 mg/L indicated a 6-times
increased risk of relapse 1 year after combination therapy
discontinuation [101,102]. The anti-TNF-o discontinuation
was more frequent than the immunomodulator discontinuation
because it is more expensive [101]. Monotherapy was deemed
effective in this study. A European panel has recently achieved
a consensus that anti-TNF-o withdrawal is best after 2 years
into clinical remission [103].
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Concluding remarks

IBD treatments are diverse and evolving but significant
unmet needs remain. Physicians must rely on clinical criteria,
endoscopic findings, imaging results, genetic testing (HLA
typing) and biological markers to categorize the patients
disease as low- or high-risk. If the disease behavior is indolent
then a step-up strategy is appropriate, in which case intensive
therapy and immunosuppression may be avoided. However,
if the disease behavior is aggressive, then a top-down strategy
is more appropriate, with the early initiation of combination
therapy in order to subsequently avoid complications [35,104].

Physicians aim at achieving remission as early as possible in
the disease course. According to studies, the road to remission
is the early initiation of combination therapy in patients with
moderate-to-severe CD [22] and in UC patients refractory to
corticosteroids [15]. However, concerns about the increased
risk of opportunistic infections and malignancies, specifically
lymphomas, with the use of combination therapy make this
option less appealing.

Disease evolution and response to therapy are patient-
specific. Factors that should be put into the equation include
patient age, sex, inflammatory burden (depth of ulcers, presence
of systemic inflammation), disease extent and duration,
previous treatment exposure and response to therapy, as well
as surgical history. Physicians need to follow a patient-oriented
approach by assessing the risks of therapy and the risks of an
ineffectively treated IBD.
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