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ABSTRACT

Objective: To provide a practical approach to the
management of patients with inflammatory bowel
disease (IBD) following tumor necrosis factor (TNF)
alpha antagonist failure.

Methods: Review of the literature.

Results: TNF alpha antagonists play a central role in the
treatment of IBD. Unfortunately, some patients will not
respond to therapy with TNF antagonists, and others will
lose response during treatment. When patients present
with persistent or recurrent symptoms suggesting
active IBD while on anti-TNF therapy it can present
a dilemma for the clinician. In this paper we review
the mechanisms of drug failure, the use of reactive
therapeutic drug monitoring to guide clinical decision
making, and propose an evidence-based method for
managing this common clinical scenario.

Conclusion: Despite the improved clinical outcomes
seen since the introduction of TNF antagonists for
the management of IBD, there remains a significant
need for additional medical therapies. Fortunately, the
armamentarium is expected to expand dramatically over
the next decade.

Key words: TNF antagonists; therapeutic drug monitoring;
biologic failure; Crohn’s disease treatment; ulcerative
colitis treatment.

Icerative colitis and Crohn’s disease are the two
types of inflammatory bowel disease (IBD), and
they are characterized by chronic, immunologi-
cally mediated inflammation involving the gastrointestinal
tract [1]. Guided by an understanding of the role of tumor

necrosis factor (TNF) alpha in the pathogenesis of IBD,
TNF antagonists have played a central role in modern
treatment algorithms [2]. Unfortunately, roughly one third
of patients will not have a clinical response when given in-
duction dosing of the currently available anti-TNF agents,
and of those who do respond to treatment, up to one
half will lose response to treatment within the first year [3].
When patients present with persistent or recurrent symp-
toms suggesting active IBD while on anti-TNF therapy it
can present a dilemma for the clinician. Once the clini-
cian has confirmed that active IBD is present based on
endoscopic, cross-sectional imaging and/or biochemical
markers of inflammation, the next step is to identify the
cause of the treatment failure, as this guides manage-
ment. Here we review the body of literature that guides
our understanding of treatment failure as well as thera-
peutic drug monitoring and propose an evidence-based
algorithm for managing this common clinical scenario.

Defining Treatment Failure

Patients who receive anti-TNF therapy but demonstrate
active IBD should be classified as having either prima-
ry nonresponse or secondary loss of response. Primary
nonresponse is defined as having either no response, or
only partial response, to induction with anti-TNF therapy
[4]. Data from pivotal trials and meta-analyses suggest
that about one third of patients will not show any clini-
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cal response to induction with anti-TNF therapies, with
response typically being defined using composite end-
points favoring clinical symptoms and only sometimes
incorporating endoscopic findings [5]. An additional one
third of patients will have only a partial response, without
remission. Patients with ulcerative colitis are at a slightly
increased risk of primary nonresponse compared to pa-
tients with Crohn’s disease. Though the time frame for
defining primary nonresponse is different for each agent
because each agent has a slightly different induction
schedule, in general the maximal response to therapy is
typically seen by week 12, and it is reasonable to use this
as a time cutoff [6].

Secondary loss of response is likewise defined as
recrudescence of clinically active disease after an initial
response. In general, the presence of secondary loss of
response should not be invoked until week 12 of therapy.
In most pivotal trials, secondary loss of response was
seen in roughly half of patients at 1 year. In clinical prac-
tice, however, particularly as therapeutic drug monitoring
has become more common, the observed rates of sec-
ondary loss of response have been lower [6].

Applying these definitions appropriately is important
because it dictates the next steps in management. When
a patient presents with symptoms suggesting active IBD
while on anti-TNF therapy, either during induction when
primary nonresponse is possible, or in maintenance
when secondary loss of response would be invoked, the
first step is to determine if active IBD is the etiology for the
presenting symptoms. The initial evaluation should rule
out common infectious causes of symptoms mimicking
IBD. In particular, Clostridium difficile infection should
be ruled out with stool testing. In certain circumstances,
ruling out cytomegalovirus (CMV) colitis is important, so
an endoscopic evaluation with colonic biopsies should
be considered. In the absence of infectious colitis, the
presence of active inflammation can often be identified
endoscopically, or can be inferred from noninvasive
markers with a fair degree of certainty. Fecal calprotectin
is an ideal choice for this purpose. In ulcerative colitis it is
estimated to have a sensitivity of 0.88 and a specificity of
0.79 for the prediction of endoscopically active disease.
The estimated sensitivity for detecting endoscopically
active Crohn’s disease is essentially the same (0.87),
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and the specificity is only slightly lower (0.67). C-reactive
protein demonstrates a better specificity (0.92), but has
a marginal sensitivity (0.49) [7]. Other etiologies for the
patient’s symptoms should also be considered, including
medication side effects including use of nonsteroidal
anti-inflammatory medications, bile acid malabsorption,
small intestinal bacterial overgrowth (SIBO), irritable bowel
syndrome (IBS), diverticular disease, ischemic colitis,
fibrostenotic strictures, and cancer, depending on co-
morbidities and the history of present illness.

Once it has been determined that active IBD is the
etiology for the patient’s symptoms, the patient should
be classified as having either primary nonresponse or
secondary loss of response as described above. For the
clinician, the next question is how to alter or optimize
therapy.

The decision of how to optimize therapy will largely
depend on which anti-TNF therapy the patient is currently
receiving, and whether they are receiving it as mono-
therapy or as combination therapy with an immunomod-
ulator. Optimizing therapy will involve either increasing
the dose or frequency of administration of the anti-TNF
therapy, increasing the dose of azathioprine if indicated,
adding an immunomodulator if the patient is on anti-TNF
monotherapy, changing to a different anti-TNF agent, or
changing to a different class of medication with a different
mechanism of action. The recently released American
Gastroenterological Association (AGA) guidelines on ther-
apeutic drug monitoring in IBD provide a framework for
making these decisions [8]. In general, the clinical choice
will be dictated by the etiology of the drug failure.

Types of TNF Antagonist Drug Failure

Our understanding of the causes of biologic treatment
failure are evolving but are typically classified as due to
mechanistic failure, non-immune-mediated pharmacoki-
netic failure, or immune-mediated pharmacokinetic failure
[9]. Differentiating between these classes of treatment fail-
ure requires therapeutic drug monitoring (TDM), which will
be discussed in more detail below.

Mechanistic failure is encountered when the under-
lying biology does not favor a response to a particular
therapy. Studies indicate a strong association between
particular genetic phenotypes and the probability of a
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Table 1. Elucidation of Mechanism of TNF Antagonist Drug Failure by Therapeutic Drug Monitoring

Type of Drug Failure
Mechanistic failure
Immune-mediated pharmacokinetic failure

Non—-immune-mediated pharmacokinetic failure

response to induction with anti-TNF agents [10]. This
suggests that some individuals have IBD driven by a
biochemical inflammatory cascade in which TNF features
prominently, while others have alternative mechanistic
drivers of inflammation without significantly elevated
TNF levels. Mechanistic failure will typically present as
primary nonresponse, but can also be seen in patients
with secondary loss of response. Mechanistic failure can
be elucidated clinically by the use of TDM. In the case of
mechanistic failure, active disease is seen in the presence
of adequate drug level, without the presence of anti-drug
antibodies. The AGA recommends considering switching
to a biologic with a different mechanism of action when
mechanistic failure is identified [8].
Non-immune-mediated pharmacokinetic failure is en-
countered when a patient who would otherwise respond
to a drug at adequate drug levels experiences suboptimal
drug levels because of pharmacokinetic factors. In the case
of anti-TNF therapy, this can be conceptualized as either
an increased clearance of anti-TNF from the body (eg, in
patients with significant hypoalbuminemia or severe colitis),
a reduction in the average serum anti-TNF level because of
the redistribution of drug in patients with a large body mass
index, or inadequate saturation of the total body burden of
TNF-alpha in subjects with a high baseline level of inflam-
mation [11]. Non-immune-mediated pharmacokinetic failure
can also be identified clinically through TDM. In this case,
active disease is seen in the presence of a suboptimal
drug level, without the presence of anti-drug antibodies.
The AGA recommends considering dose-escalation of
the current TNF antagonist when non-immune-mediated
pharmacokinetic failure is identified [8], as this can improve
clinical response in an estimated 82% of patients [9].
Finally, immune-mediated pharmacokinetic failure is
encountered when a patient who would otherwise re-

Drug Level Antibodies

Adequate or high Not detected
Low Detected

Low Not detected

spond to the current biologic therapy when at adequate
drug concentration levels experiences suboptimal drug
levels because of increased drug clearance mediated
by anti-drug antibodies [9]. Because anti-TNF agents are
monoclonal antibodies, they are inherently immunogenic,
and it is well established that episodic dosing and lower
serum drug concentrations are strong risk factors for the
development of anti-drug antibodies [12]. When anti-drug
antibodies are present, and are associated with both a
decreased serum drug concentration and active inflam-
matory bowel disease, immune-mediate pharmacokinet-
ic failure can be invoked. When anti-drug antibodies are
present, but at a low level, the AGA recommends dose
escalation of current TNF antagonist. When anti-drug an-
tibodies are present at a high level, the AGA recommends
considering either the addition of an immunomodulator (if
not already being used), or changing to a different class
of biologic therapy [8]. This recommendation is based
in part on data showing that the proportion of patients
with sustained anti-drug antibodies during the first year
of therapy with an TNF antagonist is likely between 14%
and 20% for those on monotherapy, but between 1%
and 5% for those on concomitant immunomodulatory
therapy [13,14].

Therapeutic Drug Monitoring

of Anti-TNF Agents

As described above, TDM, which is the process of test-
ing the patient’s serum for both the concentration of the
TNF antagonist and for the presence and concentration
of anti-drug antibodies, can help differentiate between
mechanistic failure, non-immune-mediated pharmacoki-
netic failure, and immune-mediated pharmacokinetic fail-
ure (Table 1). Multiple TDM assays are currently available
from several commercial vendors (Table 2). The choice
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Table 2. Examples of Commercially Available Assays for Therapeutic Drug Monitoring

Type of Assay Drug-Tolerant Labs Offering

ELISA No Miraca/Janssen
HMSA Yes Prometheus
ECLIA Yes Lab Corp, Esoterix

SRM LC-MS/MS Yes Mayo Clinic

Drug Testing Available
infliximab, adalimumab, certolizumab, golimumab
infliximab, adalimumab
infliximalb, adalimumab, golimumab

infliximab, adalimumab

ECLIA = electrochemiluminescence immunoassay; ELISA = enzyme-linked immunosorbent assay; HMSA = non-radiolabeled, liquid phase, homogeneous mo-
bility shift assay; SRM LC-MS/MS = selective reaction monitoring by liquid chromatography and tandem mass spectometry.

of which specific assay to use is primarily dictated by in-
surance coverage and institution or clinical site preference
and geography. These assays can be either drug-sensi-
tive (less likely to identify anti-drug antibodies in the pres-
ence of drug), or drug-tolerant (more likely to identify an-
ti-drug antibodies in the presence of drug). For infliximab,
comparative studies have shown strong correlation and
agreement between different assays. Golimumab assays
similarly show strong correlation and agreement. Tests for
adalimumab show more heterogeneity. Comparative data
for certolizumab pegol tests are limited [8].

Therapeutic drug monitoring can be classified as
either proactive or reactive. Proactive TDM is performed
during induction or maintenance therapy when the pa-
tient does not have signs or symptoms of active disease
to suggest a loss of response. Theoretically, this would
allow dose modification and optimization, including dose
de-escalation in certain circumstances, and could thus
provide cost savings with minimal impact on clinical
outcomes. The TAXIT trial provides the most robust eval-
uation of proactive TDM in TNF antagonist therapy. In this
study, patients with Crohn’s disease or ulcerative colitis
who had a stable clinical response while on maintenance
infliximab were first dose optimized proactively to a target
trough concentration of 3-7 ug/mL, then randomized
to having dose modifications made based on clinical
factors alone, defined as reactive monitoring, or dose
modifications based on proactive monitoring, performed
by checking the drug concentration and antibody levels
before each infusion. At 1 year there was no statistically
significant difference in the proportion of patients in re-
mission. In addition, some patients in the proactive TDM
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group were able to have a dose reduction without a
subsequent flare of disease, thus providing cost savings
[15]. This study suggests that proactive TDM may have
a role in drug optimization, particularly with respect to
cost-effectiveness, but provides only indirect evidence of
a clinical benefit, since all subjects enrolled in the study
were proactively dose optimized prior to randomization.
This study had a limited follow-up time of 1 year so was
not able to assess for longer-term benefits and risks as-
sociated with proactive TDM.

More recently, a large, multicenter, retrospective co-
hort study provided additional evidence that proactive
TDM may provide a clinical benefit in addition to cost
savings. This study retrospectively evaluated consecutive
patients receiving maintenance infliximab for Crohn’s dis-
ease between 2006 and 2015, with a median follow-up
time of 2.4 years. They were classified as having had
either proactive TDM or reactive TDM. Proactive TDM
was associated with statistically significant reductions in
the risk of treatment failure (hazard ratio [HR] 0.16, 95%
confidence interval [Cl] 0.09-0.27), the need for surgery
(HR 0.30, 95% CI 0.11-0.80), hospitalization (HR 0.16,
95% CI 0.07-0.33), and anti-drug antibody formation (HR
0.25, 95% Cl 0.07-0.84) [16].

To date, however, no randomized controlled trials have
been published comparing proactive TDM to reactive
TDM in treatment-naive patients. Because of the pauci-
ty of prospective studies, the AGA currently makes no
recommendation regarding the use of proactive TDM in
clinical practice. However, the current AGA guidelines do
recommend reactive TDM in the setting of secondary loss
of response based on the results of one randomized con-



trolled trial (RCT) and several observational studies. The
RCT was small (n = 69), and enrolled patients with Crohn’s
disease on maintenance therapy with infliximab. Similar to
the TAXIT trial, the study did not show a statistically signifi-
cant difference in rates of clinical remission when subjects
were randomized to either empiric dose escalation (to 5
mg/kg every 4 weeks) based on symptoms, or to dose es-
calations based on the results of reactive TDM. Also similar
to the TAXIT trial, it showed an estimated cost savings of
about 34% based on local prices in Denmark for reactive
TDM over empiric dose escalation [17].

Meanwhile, the observational studies for reactive
TDM provided additional support to the clinical benefit
of reactive TDM, but also to the underlying hypothe-
ses that drive reactive TDM, namely that subjects with
mechanistic failure benefit from a change in drug class,
those with non-immune-mediated pharmacokinetic fail-
ure benefit from dose escalation, and that those with
immune-mediated pharmacokinetic failure may benefit
from either dose escalation or a change in mechanism
of action, depending on antibody titers. Specifically, on
pooled analysis of 2 of these studies, 82% of subjects
who were found to have non-immune-mediated phar-
macokinetic failure responded to empiric dose escala-
tion, whereas only 8% of subjects who were found to
have immune-mediated pharmacokinetic failure with high
anti-drug antibody titers responded to dose escalation [9].
Likewise, in a retrospective study involving subjects who
were being treated with infliximab and then had reactive
TDM performed, when non-immune-mediated pharma-
cokinetic failure was identified, a clinical response was
seen in 86% of subjects who underwent dose escalation,
and only 33% among those who were switched to a dif-
ferent anti-TNF (P < 0.016). Conversely, dose escalation
resulted in a clinical response only 17% of the time when
anti-drug antibodies were detectable, compared to a
92% response rate when the subject was switched to a
different anti-TNF (P < 0.004) [18].

Interpreting the Results of Reactive
Therapeutic Drug Monitoring

The implementation of reactive TDM involves obtaining
a serum drug and antibody level and then interpreting
what those results suggest about the mechanism of
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drug failure, in order to decide on a course of action.
The serum drug level should be a trough concentration,
so it should be obtained just prior to a timed dose, while
on a stable treatment regimen. Exactly what serum drug
concentration we should be targeting in reactive thera-
peutic drug monitoring remains an area of investigation.
No RCTs have been published. There is ample obser-
vational, cross-sectional data from cohorts of patients
on maintenance therapy, though heterogeneity in study
design and study populations, as well as use of different
assays, limit interpretation of the data. In a secondary
analysis of data from 6 observational studies of patients
on infliximab maintenance therapy, there was a highly
statistically significant concentration-dependent trend in
rates of clinical remission depending on the measured
infliximab trough concentration, with 96% of those with
infliximab > 7 pyg/mL in remission, 92% of those with
infliximab > 5 pg/mL in remission, and 75% of those with
infliximab > 1 pg/mL in remission. Likewise, data from
4 studies of patients receiving adalimumab showed a
statistically significant concentration-dependent trend in
clinical remission, with 90% of those with adalimumab
trough concentrations > 7.5 pg/mL being in clinical re-
mission, compared with only 83% of those with concen-
trations > 5 ug/mL. Similarly, data from 9 studies sug-
gested that a certolizumab trough concentration > 20
ug/mL was associated with a 75% probability of being in
clinical remission, compared to a 60% probability when
the trough concentration was > 10 ug/mL [9]. Based on
these analyses, the AGA suggests target trough con-
centrations for reactive therapeutic drug monitoring of
anti-TNF agents of > 5 pg/mL for infliximab, > 7.5 pg/
mL for adalimumamb, and > 20 ug/mL for certolizumab.
They did not suggest a target trough concentration for
golimumab because of insufficient evidence [8].

When interpreting TDM test results, it is important
to know if the test you have used is drug-sensitive or
drug-tolerant (Table 2). Drug-sensitive tests will be less
likely to reveal the presence of anti-drug antibodies when
the drug level is above a certain threshold. A post-hoc
analysis of the TAXIT trial recently suggested that sub-
jects who have antibodies detected on a drug-tolerant
test which were not detected on a drug-sensitive test are
more likely to respond to higher doses of infliximab [19].
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It follows that there should be a threshold anti-drug anti-
body titer below which someone who has immune-me-
diated pharmacokinetic failure will still respond to TNF
antagonist dose escalation, but above which they will fail
to respond to dose escalation. To be sure, our under-
standing of the clinical implications of a drug-tolerant test
demonstrating an adequate drug level while also detect-
able anti-drug antibodies is evolving. Complicating the
issue further is the fact that anti-drug antibody concen-
trations cannot be compared between assays because
of assay-specific characteristics. As such, though the
presence of low antibody titers and high antibody titers
seems to be clinically important, recommendations can-
not yet be made on how to interpret specific thresholds.
Furthermore, development of transient versus sustained
antibodies requires further clinical investigation to deter-
mine impact and treatment algorithms.

Optimizing Therapy

Once you have determined the most likely cause of drug
failure, the next step is to make a change in medical ther-
apy. As described above, and detailed in the Figure,
this will likely involve switching to a drug of a different
class when mechanistic failure is invoked, dose escala-
tion and/or the addition of an immunomodulatory agent
when non-immune-mediated pharmacokinetic failure is
invoked, and switching either within class (to another an-
ti-TNF) or outside of drug class when immune-mediated
pharmacokinetic failure is invoked [8].

When switching within class (to another anti-TNF
agent), the choice of which agent to use next will largely
depend on patient preference (route of administration,
infusion versus injection), insurance, and costs of treat-
ment. When making the decision to switch within class,
it should be kept in mind that the probability of achieving
remission is modestly reduced compared to the proba-
bility seen in anti-TNF-naive patients [20], and even more
so when the patient is switching to their third anti-TNF
agent [21]. Thus, for the patient who has already previ-
ously switched from one TNF antagonist to a second TNF
antagonist, it may be better to switch to a different class
of biologic rather than attempting to capture a clinical
remission with a third TNF antagonist.

When adding an immunomodulator (azathioprine or
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methotrexate), the expectation is that the therapy wil
increase the serum concentration of the anti-TNF agent
[14] and/or reduce the ongoing risk of anti-drug antibody
formation [22]. There could also be a direct treatment
effect on the bowel disease by the immunomodulator.

When switching to an alternate mechanism of action,
the currently FDA-approved options include the biologic
agents vedolizumab (for both moderate-to-severe ulcer-
ative colitis and moderate-to-severe Crohn’s disease) and
ustekinumab (for moderate-to-severe Crohn’s disease),
as well as the recently FDA-approved oral, small-mol-
ecule JAK1 and JAKS inhibitor tofacitinib (for moder-
ate-to-severe ulcerative colitis). Prospective comparative
effectiveness studies for these agents are lacking and are
unlikely to be performed in part due to the cost and time
required to accomplish these studies. A recent post-hoc
analysis of clinical trials data suggests that there are no
significant differences in the rates of clinical response,
clinical remission, or in adverse outcomes to vedolizumab
or ustekinumab when they are used in patients who have
failed anti-TNF therapy [23]. Thus, one cannot be recom-
mended over the other, and the decision of which to use
is usually guided by patient preference and insurance
coverage.

Meanwhile, the role of tofacitinib in the treatment
algorithm of patients who have failed anti-TNF therapy
remains unclear. The phase I clinical trials OCTAVE 1,
OCTAVE 2, and OCTAVE Sustain showed efficacy for
both the induction and maintenance of remission in pa-
tients with moderate-to-severe ulcerative colitis who had
previously failed anti-TNF agents. However, there remain
concerns about the safety profile of tofacitinib compared
to vedolizumab and ustekinumab, particularly regarding
herpes zoster infection, dyslipidemia, and adverse car-
diovascular events. Notable findings from the tofacitinib
induction trials include robust rates of clinical remission
(18.5% vs 8.2% for placebo in Octave 1, and 16.6% vs
3.6% in Octave 2, P < 0.001 for both comparisons) and
mucosal healing (31.3% vs 15.6% for placebo in Octave
1, and 28.4% and 11.6% in Octave 2, P < 0.001 for
both comparisons) after 8 weeks of induction therapy
[24]. These results suggest that tofacitinib, or other JAK
inhibitors that become approved in the future, may be
excellent oral agents for the induction of remission in
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Symptoms suggesting active IBD
despite therapy with a TNF antagonist

l

Rule out other etiologies of symptoms,
including Clostridium difficile infection;
obtain objective markers of disease activity
(eg, CBC, albumin, ESR, CRP, +/- fecal
calprotectin, +/- endoscopic evaluation
+/- cross-sectional imaging)

Active IBD confirmed?

Reactive therapeutic drug monitoring to elucidate

the mechanism of drug failure

y

Treat alternative cause(s)

—_—
of symptoms

y

l

Mechanistic failure

l

Change in biologic class

Immune-mediated
pharmacokinetic failure

l l

TNF antagonist dose
escalation (if antibody
titer is low), OR addition
of immunomodulator, OR
change in biologic class

| l

Non-immune-mediated
pharmacokinetic failure

TNF antagonist
dose escalation

Figure. Proposed clinical approach to the management of IBD patients with suspected TNF antagonist drug failure.

moderate-to-severe ulcerative colitis, and may demon-
strate a better side effect profile than steroids. Whether
cost factors (compared to steroid therapy) will limit the
role of JAK-inhibitor therapy in induction, and whether
safety concerns will limit their use in maintenance thera-
py, remains to be seen.

Off-Label Rescue Therapy and Surgery
Though the armamentarium of IBD therapies has ex-
panded greatly over the past 2 decades, and will continue

to do so for the foreseeable future, there are still a limited
selection of therapies available to patients. Patients who
have failed anti-TNF therapy, and subsequently fail vedol-
izumab and/or ustekinumab, have limited options. These
options include clinical trials, off-label small molecule res-
cue therapy, and surgery. Patients who are felt to require
any of these options should be referred to a tertiary center
for evaluation by a gastroenterologist specializing in the
treatment of IBD and/or a colorectal surgeon specializing
in the surgical management of IBD.
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Tacrolimus

Tacrolimus, a macrolide calcineurin inhibitor, has been
studied as a small molecule therapy for IBD, though not
in randomized controlled trials. There is biological plau-
sibility for its use as a disease modifying agent. Mucosal
T cells in subjects with active Crohn’s disease have been
found to express increased levels of MRNA encoding IL-2,
and tacrolimus acts primarily by reducing IL-2 production
[25]. The largest observational cohort evaluating the use of
tacrolimus, published by Thin et al, included patients with
both ulcerative colitis (1 = 24) and Crohn’s disease (n = 11)
who had moderate to severely active IBD. All patients had
failed dose-optimized thiopurine therapy, 89% had primary
nonresponse or secondary loss of response to at least one
anti-TNF agent, and 74% were either steroid-refractory or
steroid-dependent at the time tacrolimus was started. With
close monitoring, they targeted a tacrolimus trough of 8-12
ng/mL. At 30 days, 66% had a clinical response, and 40%
were in clinical remission. At 90 days, 60% had a clinical
response, and 37% were in clinical remission. At 1 year, 31%
had a clinical response, and 23% were in clinical remission.
Of those in clinical remission at 1 year, 88% were either off of
steroids or on less than 5 mg of prednisone per day. Renal
impairment was seen in 25% of patients, including severe
renal impairment in 11%, requiring drug cessation. Infectious
complications were seen in 9% of patients. Headaches,
tremor, and pancreatitis were also observed, though less
commonly. The majority of patients ultimately had a surgi-
cal intervention, particularly if they were steroid-refractory at
baseline, but the time to surgery was delayed in those who
achieved a response or remission in the first 90 days of tac-
rolimus therapy. The authors suggested that while tacrolim-
us may lack clear long-term benefit in patients with medically
refractory IBD, a therapeutic trial should be considered in
select patients with the goal of medical and nutritional opti-
mization before surgical intervention [26].

Cyclosporine

Cyclosporine, which also exerts its effect by inhibiting IL-2
production, has an established role in the management
of severe ulcerative colitis. Data from randomized, place-
bo-controlled trials, along with numerous open label obser-
vational studies, have shown that intravenous cyclosporine
can induce remission and potentially obviate the need for
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urgent/emergent colectomy in steroid-refractory patients
who are hospitalized with severe ulcerative colitis [27,28].
Its use in maintenance therapy remains controversial, how-
ever. Older observational data suggest that even among
those who have an initial clinical response to cyclosporine
induction, 33% will undergo colectomy by 1 year, and 88%
will undergo colectomy by 7 years [27). Though the con-
comitant administration of a thiopurine may delay the need
for colectomy [29,30], cyclosporine seems to be, at best, a
temporizing therapy for patients with severe ulcerative coli-
tis. Studies on the use of cyclosporine for the induction of
remission in Crohn’s disease have been less robust, as have
studies on the use of cyclosporine for the maintenance of
remission in Crohn’s disease [31]. Dose-dependent toxicity
also remains a concern, particularly when being considered
as maintenance therapy. Though some observational data
suggest that the absolute risks of serious side effects from
maintenance cyclosporine are small, cyclosporine is still
generally avoided as a maintenance therapy [30].

Mycophenolate Mofetil

Mycophenolate mofetil (MMF), which inhibits both B and
T cell proliferation by inhibiting de novo purine synthesis,
has been studied in both Crohn’s disease and ulcerative
colitis. Studies have been small, observational, and het-
erogeneous. On the whole, they suggest that MMF does
have some efficacy, but it is not necessarily more effective
than azathioprine and may have a slightly increased risk
of side effects [32]. Given that the side effects of MMF
include diarrhea, and an IBD-like enterocolitis (MMF-in-
duced colitis) when given to subjects without an estab-
lished diagnosis of IBD, it is likely best to avoid using the
drug in patients with IBD [33].

Surgery

Finally, when medical management has failed, or when
fibrostenotic and/or penetrating complications of inflam-
matory bowel disease are present, surgery should be
considered. Surgery can provide a cure in patients with
ulcerative colitis, and can induce remission in patients
with Crohn’s disease. Managing IBD medications around
the time of surgery is always challenging. Multiple large,
retrospective cohort studies have suggested that the risk
for postoperative infectious complications, anastomot-



ic leaks, and thrombotic complications do not differ be-
tween those who receive anti-TNF therapy within several
months of surgery and those who do not. Nevertheless,
some surgeons may prefer to time elective surgery half-
way between doses of anti-TNF therapy. Additionally,
there is some data to suggest that patients who are on
both thiopurines and anti-TNF agents have an increased
risk of postoperative complications compared to those
who are on anti-TNF agents alone [34].

After a surgical evaluation, a plan of action should be
formulated in a multidisciplinary fashion to determine how
medical management will proceed. For those with an es-
tablished diagnosis of ulcerative colitis, medical therapy can
often be stopped postoperatively and the patient can be
monitored prospectively for pouch complications including
possible new-onset Crohn’s disease. For those who under-
go surgery for the management of Crohn’s disease, though
a resection completed with negative margins does induce
remission, nearly 90% can be expected to have histologic,
endoscopic, or clinical recurrence by 1 year. A randomized
controlled trial showed that postoperative anti-TNF therapy
can reduce this risk to 9% [35]. Unfortunately, a subsequent-
ly conducted large, multicenter, randomized controlled trial
comparing postoperative infliximab to placebo was termi-
nated early because of a lack of a statistically significant
difference in clinical recurrence between the 2 groups at
week 74. However, this lack of demonstrated efficacy may
have been obscured by the relatively mild phenotype of
the enrolled participants, who had a median CDAI score
of 105.5 at baseline [36]. Based on available data, the AGA
does conditionally recommend postoperative anti-TNF and/
or thiopurine therapy for those patients with Crohn’s disease
who are in a surgically induced remission [37]. The patients
who are most likely to benefit from postoperative medical
therapy are those who have the highest risk of recurrence,
namely those who were young at the time of diagnosis, had
a short disease duration prior to surgery, have multiple sites
of disease, and who use tobacco products [34].

Emerging and Future Options

Despite the improved clinical outcomes seen since the
introduction of TNF antagonists for the management of
IBD, there remains a significant need for additional medi-
cal therapies. Fortunately, the armamentarium is expect-

Clinical Review

ed to expand dramatically over the next decade.

Based on our improved, and evolving understanding
of the pathogenesis of IBD, several new biochemical
targets have emerged, offering novel ways to modulate
the cytokine cascade which drives IBD [38]. Well over
a dozen phase Il and phase lll trials for IBD therapeutic
agents are ongoing, including biologic agents targeting in-
terleukin-23, B7-Integrin, and MAJCAM-1, as well as small
molecule agents targeting the JAK/STAT pathway and the
sphingosine-1-phosphate receptor modulators [39]. As
new agents are approved, it may be possible to develop
a more patient-centered approach to care by targeting
therapies to the particular pathogenesis of each patient’s
disease. Nevertheless, integrating these therapies into
practice algorithms will remain a challenge in the absence
of meaningful comparative effectiveness trials [40].

Conclusion

When evaluating a patient who seems to have failed
anti-TNF therapy for IBD, the first step is to confirm that
active inflammatory disease is present. This process in-
cludes ruling out other potential causes of the patient’s
symptoms, including infectious colitis, and ideally includes
obtaining objective evidence of inflammation, whether
through non-invasive biomarkers, an endoscopic evalu-
ation and/or cross-sectional imaging. Once active IBD is
confirmed, reactive therapeutic drug monitoring can help
elucidate the likely mechanism of drug failure, which in
turn can guide medical decision making.
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