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Abstract

Biological therapy revolutionized the treatment of inflammatory bowel disease (IBD) during the last decade. These monoclo-
nal antibodies, which target tumor necrosis factor (TNF), integrins or IL12/23, have been approved—or are in development
for—both Crohn’s disease (CD) and ulcerative colitis (UC). Early use of these agents taught clinicians that induction and
maintenance therapy, coupled with immunomodulator agents, reduced the immunogenicity of these agents, and led to
sustained remission in many patients. More recent data has demonstrated that, through dose adjustments, optimizing
serum drug levels may also provide more durable maintenance of remission, and improved mucosal healing. This review
examines clinical practices that may enhance clinical outcomes from biological therapy in IBD.
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Introduction

Biological therapy currently refers to monoclonal antibodies di-
rected against specific targets implicated in the pathogenesis of
chronic inflammatory conditions. For inflammatory bowel dis-
ease (IBD), this primarily encompasses the approved anti-tumor
necrosis factor (TNF) therapies (infliximab, adalimumab, certoli-
zumab, golimumab), but also agents approved, or under devel-
opment, that target integrins (natalizumab, vedolizumab) and
interleukin (IL)-12/23 (ustekinumab), amongst others. Table 1
summarizes some of the biological therapies that have been
studied in clinical trials in IBD.

The introduction of anti-TNF agents in the United States and
Europe in the late 1990s gradually led to a paradigm shift in our
approach to IBD therapy [1]. The deluge of studies that followed
their approval provided evidence that this class of drug could
induce sustained clinical remission in a cohort of patients,

avoid the chronic need for steroids, reduce hospitalizations,
and potentially prevent surgical interventions for complications
[2]. The goal of treatment shifted from simply improving
patients’ symptoms, to aiming for objective reversal of mucosal
inflammation and prevention of long-term complications. On
the down side, the use of anti-TNFs led in practice to reports
of hypersensitivity reactions, reactivation of TB, and lympho-
mas in patients receiving these agents. The unprecedented
enrolment of larger cohorts of IBD patients in registry studies to
track adverse events led to a characterization of many disease-
and drug- related safety signals [3]. For the first time, extensive
capture of health outcomes, pharmaco-economic analyses,
quality-of-life measures and work productivity were under-
taken to assess the impact of these diseases—and their treat-
ment—on the population of patients with IBD.

One of the conclusions of long-term follow-up studies, in
practice and clinical trials, was that many patients who initially
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Table 1. Examples of biologics for inflammatory bowel disease, ap-
proved and under development

Name Primary target FDA-approved
indication
Infliximab (Remicade®)  TNF CD, UC
Adalimumab (Humira®  TNF CD, UC
Certolizumab (Cimzia®)  TNF CD
Golimumab (Simponi®  TNF uc
Natalizumab (Tysabri®)  alpha-4 integrin CD
Vedolizumab (Entyvio®)  alpha-4-beta-7 integrin ~ CD, UC
Ustekinumab (Stelara®)  1L-12/23 N/A
Etrolizumab beta-7 integrin N/A
Anrukinzumab IL-13 N/A

FDA=Food and Drug Administration; TNF=tumor necrosis factor;
IL = interleukin; CD = Crohn’s disease; UC = ulcerative colitis; N/A = not available

obtained ‘remission’ with anti-TNF agents subsequently experi-
enced reduced response over time: for example, in clinical trials,
only ~40% of patients were in remission at 1 year after induc-
tion, and in clinical practice less than 50% of initial responders
were in remission at this time-point [4]. A review of these long-
term outcomes suggests that there is clearly a population of pa-
tients who clinically respond to induction therapy and then
maintain remission over time, with little need for dose adjust-
ments; however, there is also a sizeable population of patients
whose symptoms recur despite continued biological therapy.
Strategies to address this problem and improve the rates of re-
tention for this drug class have emerged in recent years [5].

Mechanisms for loss of response to Biologics

The recurrence of clinical symptoms after induced remission
with anti-TNFs is a common one; up to 60% of patients experi-
ence recurrence of symptoms in clinical practice over time [6].
There are many reasons for this event, and these are summa-
rized in Table 2. The relative contribution of each cause is diffi-
cult to determine in practice, but cohort studies suggest that
immunogenicity and overlap functional symptoms account for
most cases of loss of response [7].

Immunogenicity

Immunogenicity—the propensity for patients to develop
anti-drug antibodies (ADAs) against the monoclonal agents—
develops in a proportion of patients through both thyroid-
dependent (high affinity, immunological memory), and thyroid
independent (low affinity, occasional memory) mechanisms [8].
These ADAs are typically IgG antibodies that can impair binding
of the biological agent to the target cytokine, or accelerate drug
clearance by the reticulo-endothelial system (RES) [9]. When the
anti-TNF antibody infliximab was initially given only intermit-
tently in practice, up to 60% of patients developed anti-drug
antibodies, and these patients were twice as likely as antibody-
negative recipients to develop acute infusion reactions [10].
Since then, the use of induction and regular maintenance infu-
sions has lowered the prevalence of anti-infliximab antibodies
to 10-20% in randomized, controlled trials (RCTs) and observa-
tional cohorts [11]; in this patient population however, once
they develop, ADAs are associated with a higher risk of loss of
clinical response, and risk of infusions reactions [12, 13]. It has

Table 2. Reasons for loss of clinical response amongst patients re-
ceiving biologics for inflammatory bowel disease

Mechanism

Immunogenicity (anti-drug antibodies)

Enhanced drug clearance (non-immunogenic)

Alternate inflammatory pathways

Non-inflammatory complications (e.g. strictures)
Overlap functional symptoms

Concurrent infections (e.g. C. difficile or Cytomegalovirus)

also recently been recognized that patients can develop tran-
sient ADAs, or persistent ADAs, and that drug-free periods lead
to gradual disappearance of ADAs from circulation [14, 15].
While the factors that lead some patients to develop ADAs is
only partially understood, persistently low drug serum levels
have been associated with development of ADAs in some stud-
ies [16].

Overlap functional symptoms

More frequent—but certainly less well-characterized—is the
phenomenon of patients with IBD experiencing non-inflamma-
tory symptoms. These are usually described as intestinal symp-
toms of pain, diarrhea or rectal bleeding in the absence
of objective evidence of active inflammation on endoscopy. For
example, in one study, 26% of patients with inactive Crohn’s
disease met criteria for a diagnosis of irritable bowel syndrome
(IBS) while, in another study, 10% of patients with quiescent
ulcerative colitis (UC) had significant on-going abdominal pain
[17, 18]. In some individuals, physiological processes such as de-
layed gastric emptying or bile salt malabsorption may play a
role even in the absence of macroscopic inflammation [19, 20].
These factors need to be considered when evaluating recur-
rence of symptoms, as biological therapy for is not an appropri-
ate intervention for IBS.

Other processes

Whilst IBD manifests itself as a purely inflammatory process
early on, later complications, such as strictures, fistulae, and
malignancy, may lead to the development of symptoms that
are unresponsive to any biological anti-cytokine therapy [9].
Small bowel strictures and their associated bacterial overgrowth
can contribute to abdominal pain, bloating and diarrhea, and
require mechanical correction [18]. Enteric fistulae to other
abdominal compartments and organs may also lead to
symptoms and a perceived loss of response to biological
therapy.

Strategies for optimizing the use of Biological
therapy

The observations noted above illustrate that maintaining a
sustained clinical remission with biological therapies requires
attention to the many factors that could lead to relapse of
symptoms. In the scenario where active inflammation has
been objectively confirmed, and concurrent infections have
been excluded, there are a number of therapeutic decisions
that can be made to pro-actively, or reactively, enhance the effi-
cacy of biological agents (Table 3). The evidence base for this is
primarily derived from studies of infliximab, particularly
with regard to serum drug levels and ADAs.
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Table 3. Proposed strategies to optimize the efficacy of biological
therapies in inflammatory bowel disease

Strategy Evidence®
Patient selection

Early in disease course B
Administration schedule

Induction & maintenance B
Concomitant therapy

Thiopurines B

Methotrexate C
Therapeutic drug monitoring

Reactive testing B

Proactive testing c
Biomarker monitoring

Proactive CRP measurements C

2Grading of Recommendations Assessment, Development and Evaluation
(GRADE) Working Group 2007.

A =several high-quality studies; B=moderate quality: several studies with limi-
tations; C=1low quality: studies with many limitations; CRP = C-reactive protein

Patient selection

Biological agents were initially given only to patients with
severe disease, which limited the potential long-term efficacy of
these drugs. In RCTs of infliximab in Crohn’s disease, for exam-
ple, enrolled subjects had the disease for an average of 8 years,
51% already required surgery for complications, and a third had
failed to respond to thiopurines [21]. Since Crohn’s disease is a
progressive condition, selecting only patients with long-stand-
ing disease for a given therapy reduces the proportion of recipi-
ents whose symptoms are caused primarily by active
inflammation [22]. In contrast, post-hoc analysis of these RCTs
has concluded that overall remission rates with biologics are
numerically greater when administered to patients within
2 years of diagnosis [23]. Therefore, the preferred candidate for
biological therapy is one with confirmed active intestinal in-
flammation, prior to the development of complications such as
strictures. Using biologics in patients with overlap IBS or mostly
fibrotic disease yields lower clinical remission rates, at consid-
erable expense to those paying for treatment [24]. Of course,
not every patient with IBD will require a biological therapy early
after diagnosis. Selecting patients early in the course of their
disease, who are at higher risk of complications, can be used to
‘risk stratify’ individuals for early use of biological therapy.
Clinical (age, phenotype, steroid use) and serogenetic factors
have been identified, which are associated with relative risk
of complications in Crohn’s disease, but the relative impact of
biologics on low- or high-risk patients has yet to be prospec-
tively determined [25].

Maintenance schedules

The maintenance regimens tested in RCTs have confirmed that
continued use of biologics is required to maintain remission in
responsive patients. Episodic therapy leads, in practice, to
higher rates of ADAs and infusion reactions, and lower rates of
remission [10, 26]. Patients with Crohn’s disease receiving
scheduled infliximab had lower disease activity scores and
fewer hospitalizations, but higher response rates, than patients
who received episodic therapy [26]. The recommended schedule
for administration (every other week, every 4 weeks or every
8 weeks) may in some cases be insufficient to maintain remis-
sion, and schedules of administration that are more frequent
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than the approved dose are commonly used [6, 27]. A number of
cohort studies have reported that these ‘escalation strategies’
are able to re-capture response in up to 80% of patients who
have lost response [28, 29].

Concurrent immunomodulators

In some studies, the administration of concurrent immuno-
modulators (IMMs), such as azathioprine or methotrexate, has
been associated with higher remission rates and lower rates of
ADAs. Post-hoc analysis of the RCTs of anti-TNFs, and retrospec-
tive review of clinical cohorts, did not demonstrate superior ef-
ficacy of combination therapy over monotherapy in Crohn’s
disease [30, 31]; however, subsequent prospective trials in both
CD and UC concluded that initial combination therapy was ben-
eficial. In the SONIC (Study of Biologic and Immunomodulator
Naive Patients in Crohn’s Disease) trial in CD, 57% of patients re-
ceiving infliximab and thiopurines were in corticosteroid-free
clinical remission at week 26, as compared with 44% of those re-
ceiving infliximab alone (P =0.02) [32]. Similarly, in the SUCCESS
(Efficacy and Safety of Infliximab, as Monotherapy or in
Combination  with  Azathioprine, versus Azathioprine
Monotherapy in Moderate to Severe Ulcerative Colitis) trial in
UC, steroid-free remission was achieved by 40% of patients re-
ceiving infliximab or azathioprine, compared with 22% receiving
infliximab alone (P=0.017) [33]. The reason for the synergistic
effects of immunomodulators may be their ability to reduce the
immunogenicity of biologics. In the SONIC trial, ADAs devel-
oped in less than 1% of patients receiving azathioprine and
infliximab, in contrast to 15% of patients who received inflixi-
mab alone [32]. In one small case series, even post-hoc addition
of an immunomodulator to a biologic could reduce ADAs, and
elevate serum drug levels, in patients with CD [34].

Therapeutic drug monitoring

Many observational studies have linked low serum drug levels
to a higher risk of ADA development, and/or loss of response
to biologics in IBD [35-37]. In response, reactive measurement
of ADAs and serum drug levels using Enzyme Linked
Immunosorbent Assay (ELISA) assays, and appropriate adjust-
ment of drug regimen, has been utilized in practice to optimize
clinical outcomes [28, 38]. This strategy has been reported to be
more cost-effective than empirical escalation of doses of bio-
logics, with similar clinical outcomes in this setting [7, 39]. In
Denmark, Steenholdt et al. concluded that individualized inflixi-
mab therapy, based on drug levels, was more cost-effective
than empirical dose intensification in patients losing response
to infliximab; response rates were similar (~55%), but costs
were 34% lower when therapeutic drug monitoring was used [7].

In the light of these findings, other groups have examined
proactive adjustment of biological drug levels to prevent relapse
of disease. The Trough level Adapted infliXImab Treatment
(TAXIT) trial from Europe enrolled patients in remission and ad-
justed their infliximab dose to obtain a target serum drug level;
subsequently this cohort was randomized to either standard
care, or continued adjustment of infliximab dose, based on drug
levels. After 1 year, overall remission rates were similar in both
arms (69% and 72%) [40]. A small retrospective analysis from an-
other group reported that patients who had proactive adjust-
ment of infliximab levels to above 5ug/mL were less likely to
discontinue infliximab than those who were not adjusted (10%
us. 31%, respectively; P=0.009) [41]. Where commercial assays
for biological drug levels are not available, C-reactive protein
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(CRP) and fecal calprotectin may be surrogate markers to iden-
tify patients at risk of relapse due to low drug levels [42-44]. One
area of uncertainty is the drug level to aim for when using ther-
apeutic monitoring; many studies have used different cut-offs,
so it is unclear what is the ideal therapeutic range (Table 4) [16,
35, 45-54].

Conclusions

There has been a steep learning curve in the optimal use of
biologics in IBD since 1997. The current strategies of patient se-
lection, maintenance schedules, use of concurrent immuno-
modulators, and therapeutic drug monitoring have generated
incremental improvements in the long-term remission rates
with this class of drug. We are still not at the point where the
majority of patients treated with biologics achieve sustained
clinical and/or endoscopic remission. Alterations in immuno-
logical pathways over time, persistence of functional intestinal
symptoms, and differences in underlying pathogenic processes
may prevent this being universally achievable; however,

Table 4. Drug thresholds used to categorize patients’ outcomes in
observational studies

Study Drug Threshold Outcome
(ng/mlL)

Ben-Bassat O [35] IFX 2 Remission
Drastich P [45] IFX 2 Remission
Murthy S [46] IFX Remission
Maser EA [47] IFX 1.4 Remission
Reinisch W [48] IFX Remission
Seow CH [49] IFX 2 Remission
Steenholdt C [50] IFX 0.5 Remission
Vande Casteele [16] IFX 2.2 CRP
Feagan BG [51] IFX 3 CRP
Bortlik M [52] IFX 3 CRP
Mazor Y [53] ADA 5 Remission
Imaeda H [54] ADA 10 CRP

IFX =infliximab; ADA = adalimumab; CRP = C-reactive protein

optimal use of biologics in those who initially respond to them
will certainly enhance the efficacy of this drug class in the me-
dium term (Figure 1).
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