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Abstract: Infliximab (IFX) is an effective treatment for inducing and maintaining response in
Crohn’s disease and ulcerative colitis patients. Some patients present lack of response or loss of
response to IFX during maintenance therapy. Empirical management with combination therapy
with an immunomodulator, IFX dose escalation, or switching IFX for another antitumor necrosis
factor-o. drug, mainly adalimumab, is common in clinical practice. Selecting the best choice
with the help of serum drug concentrations and trough IFX antibody concentrations could be
a very interesting approach. In addition to surgery, a broad spectrum of new drugs has been
tested and could expand treatment options in the near future.
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Introduction

Inflammatory bowel disease (IBD) is a chronic disease that includes Crohn’s disease
(CD) and ulcerative colitis (UC). Because tumor necrosis factor-o. (TNF-o) plays a
key role in the development and progression of IBD, anti-TNF-o drugs are a thera-
peutic option for IBD patients. Currently, the anti-TNF-o. agents infliximab (IFX),
adalimumab, and certolizumab pegol have proven to be effective in inducing and
maintaining remission in CD patients.! [FX, adalimumab, and golimumab are effective
in the treatment of UC.? IFX, a chimeric immunoglobulin G1 monoclonal antibody
against soluble and membrane-bound TNF-o with a murine Fv region, was the first
anti-TNF-o drug available for the treatment of IBD in the late 1990s, and represented a
very significant advance. Despite its undoubted benefit, anti-TNF-o. therapy has some
limitations, including the lack of primary response and the loss of response (LoR) to
treatment in some patients. We discuss different alternatives in the management of
poor IBD responders to TFX.

IFX is approved for the treatment of moderate to severe active UC in patients with
refractoriness, intolerance, or medical contraindications to conventional therapy, includ-
ing corticosteroids and thiopurines, and in those patients who are steroid dependent.>*
The Active Ulcerative Colitis Trial 1 (ACT 1) study showed a clinical response rate
at week 8 of 69.4% in the group of patients with moderate to severe UC receiving
5 mg/kg of IFX versus 37.2% in the placebo group (P<<0.001) and a remission rate
of 38.8% versus 14.9% (P<<0.001), respectively. Similar results were found in the
ACT 2 trial, with a response rate of 64.5% in patients receiving 5 mg/kg of IFX versus
29.3% in the placebo group and a remission rate of 33.9% versus 5.7% (P<<0.001)
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at week 8, respectively.’ The meta-analysis by Gisbert et al®
describes a mean short-term response and remission of 68%
(95% confidence interval [CI]: 65%—71%) and 40% (95%
CI: 36%—44%), respectively.

IFX is approved for the treatment of CD in patients with
moderate to severe active disease and steroid dependency,
intolerance, or refractoriness, as well as for fistulizing
disease.” The Randomized, Double-blind, Placebo-controlled
Trial of Anti-TNF-o Chimeric Monoclonal Antibody (Inflix-
imab, Remicade) in the Long-term Treatment of Patients with
Moderately to Severely Active Crohn’s Disease (ACCENT I)
found that 58% of 573 patients treated with I[FX 5 mg/kg
responded after 2 weeks of induction treatment.?

In nearly a third of patients there is a lack of primary
response to IFX treatment in clinical practice.’ In patients
who initially respond to IFX, this drug is usually maintained
with a long-term scheduled regimen. However, LoR has
been reported in 25%-40% of CD patients in randomized
controlled trials, with an estimated annual LoR rate of about
13% per patient-year under scheduled treatment with IFX.°

Predictors of response
The underlying mechanisms and predispositions to respond
to IFX therapy are not well known.!? If we could predict the
response to IFX, we would avoid nonbeneficial therapy in
patients predisposed to an unsatisfactory response, resulting
in time and cost savings. Some factors have been identified
as indicative of a favorable response to IFX: young age,
short duration of disease, nonsmoking, inflammatory CD
phenotype, disease site limited to the colon, and concomi-
tant immunosuppressive treatment.'*!' An elevated baseline
serum C-reactive protein (CRP) concentration with early
normalization after starting IFX therapy has been associated
with sustained remission.!" In UC patients, high concentra-
tions (>300 mg/kg) of fecal calprotectin in consecutive
measurements can predict a flare-up 3 months before in
IFX responders.'? In CD patients treated with IFX, there are
controversial data about the utility of calprotectin to predict
a flareup.'>!'* Smoking could increase the risk of LoR in CD
patients.'s

The development of neutralizing antibodies, immune
status, genetic factors, pharmacokinetic alterations, and
concomitant medications have been investigated as factors
that could be associated with LoR.!* Trough anti-TNF-o.
concentrations have been associated with clinical and endo-
scopic remission.'® CD patients with detectable IFX serum
trough concentrations have better remission rates, lower CRP
concentrations, and improved mucosal healing.'®

Seow et al'” analyzed the relationship between trough
IFX concentrations and clinical outcome. They found that
those UC patients with a detectable serum IFX presented
higher rates of remission (69% versus [vs] 15%; P<<0.001)
and lower risk for colectomy (7% vs 55%; P<<0.001) than
patients with undetectable concentrations, irrespective of the
presence of antibodies through IFX (ATT).

A retrospective analysis of the ACCENT I trial shows
that those patients with a sustained clinical response during
54 weeks of follow-up presented higher IFX trough con-
centrations (4.0 ug/mL vs 1.9 pg/mL; P=0.03) at week 14
than patients without a sustained response, but only in the
subgroup of patients with immunomodulator use at baseline
(4.6 pg/mL vs 1.7 pg/mL; P=0.005)."® The authors suggest
that a combination of IFX and an immunomodulator may
be efficacious due to increased trough concentrations rather
than any synergistic mechanism. An IFX trough concentra-
tion =3.5 ug/mL and CRP decrease =60% from baseline
at week 14 were the best predictors of a sustained response
to scheduled maintenance with IFX 5 mg/kg.

A recent meta-analysis indicates that patients on immu-
nomodulators during maintenance with IFX therapy had a
reduction in their risk for ATI development (relative risk
[RR] 0.6, 95% CI: 0.4-0.9; P=0.02) and infusion reac-
tions (RR 0.6, 95% CI: 0.4-0.8; P<<0.001)." ATI modified
the pharmacokinetics of IFX by increasing its clearance.'
Azathioprine (AZA) appears to decrease the formation of
ATI and could improve the response rate to IFX therapy.?
Nanda et al?! published a meta-analysis about the relation-
ship between clinical outcomes and the presence of ATI and
concentrations of IFX in IBD patients. The presence of ATI
was associated with a risk of LoR to IFX of 3.2 (95% CI:
2.0-4.9; P<<0.0001) compared with patients without ATI
formation globally, though this risk in UC patients was not
significant, possibly because of a lack of large studies.

It has been reported that the presence of pre-existing
IFX-reactive immunoglobulin G antibodies is associated with
clinical response in IBD patients. Steenholdt et al'® found in
an observational retrospective study, including 29 CD and
22 UC patients, that serum concentrations of immunoglobu-
lin G antibodies to the Fab region of IFX measured before
the initiation of IFX therapy were significantly lower among
patients with CD in clinical remission at 1 year of [FX therapy
than in patients who did not achieve remission (median 91
mU/L vs 639 mU/L; P=0.0014). Their data suggested that a
cutoff value of 439 mU/L antibodies was clinically relevant
and distinguished IFX responders from nonresponders (100%
sensitivity and 67% specificity). They found a similar but
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not statistically significant tendency in UC patients. Their
detection could help physicians select patients with a lower
probability of achieving remission to choose another therapy.
More data are needed to define the clinical utility of measuring
pre-existing [FX—Fab-reactive antibodies.

Nowadays, the management of patients with LoR is
empirical. In clinical practice, measurement of trough IFX
and ATI concentrations might help us decide which strat-
egy should be followed in case of LoR, although there is
no widely accepted algorithm. It has been proposed that in
patients with high IFX concentrations and LoR, intensifica-
tion of IFX therapy will probably not be useful, and changing
to another treatment with a different mechanism of action
might be the best approach.?? In case of low or undetectable
IFX concentrations, an increased dose with or without adding
an immunomodulator to achieve detectable IFX concentra-
tions appears to be an appropriate approach. In patients with
high ATI concentrations, the recommendation has been to
add an immunomodulator to decrease immunogenicity,
switching to another anti-TNF-qo. or starting a treatment with
a different mechanism of action in case of lack of response to
this approach.”® Recently, the presence of transient ATI has
been described in some IBD patients. It has been associated
with a significantly lower need to discontinue IFX treatment
compared with patients with sustained high levels of ATI.*
In this way, it can be recommended to confirm that the
positivity of ATI is maintained during consecutive measure-
ments before [FX is withdrawn. In case of disappearance of
ATT and recovery of clinical response, IFX therapy may be
continued. A reliable, easy, and widely available test and
more data about the clinical utility of measuring IFX and
ATT concentrations are needed before recommending their
routine use.

The pharmacokinetics of IFX is not well known. Some
factors have been associated with a higher clearance of
the drug, such as lower albumin concentrations, positive
ATI, and male sex, but they explain only a small part of
the pharmacokinetic variability.>>?¢ The group of primary
nonresponders presumably contains a subgroup of patients
without TNF-o-driven disease, as indicated by observations
that primary IFX response failure often occurs in the presence
of high circulating drug concentrations.?” Other patients may
fail to achieve a primary response because of low bioavail-
ability of the drug.

Identifying genes that are predictive of response to IFX
would be a very interesting approach for helping manage
IBD patients. Although there are various studies on this
subject, further studies are needed to identify a gene panel

that can be useful for predicting response to IFX in clinical
practice.?®%

Hydrocortisone premedication
Administering hydrocortisone prior to IFX intravenous (IV)
infusion has been evaluated for preventing the formation of
ATI.** Mantzaris et al*' prospectively compared the effective-
ness of IV hydrocortisone premedication with continuous
AZA therapy in preventing LoR to IFX in patients with
CD. No differences were found in relation to LoR to IFX
and clinical remission of disease at the end of the 2-year
observation period between the two groups of patients. The
cumulative probability of maintaining remission was 78%
of patients with hydrocortisone premedication and 74% in
the AZA group. Hydrocortisone premedication might be
useful in patients on IFX monotherapy or with intolerance
to immunosuppressants. Farrell et al*® carried out a random-
ized controlled trial to evaluate the reduction in median ATI
concentrations at week 16 in relation to IV hydrocortisone
premedication. In patients with hydrocortisone premedica-
tion, 26% developed ATI, compared with 42% in the placebo
group (P=0.06).

Primary nonresponse to IFX

As the structure and function of IFX and adalimumab are
similar, we might think that patients who do not have a
primary response to IFX will not respond to adalimumab.
However, the specific characteristics of each anti-TNF-o. may
influence the potential usefulness of these drugs in the setting
of primary failure. There are some studies that have analyzed
the response to adalimumab after [FX primary nonresponse
in CD patients. Crohn’s Treatment with Adalimumab: Patient
Response to a Safety and Efficacy Study (CARE) found in 89
IFX primary nonresponder patients a remission rate of 29%
and 37% at weeks 4 and 20, respectively.’? Ho et al** described
aremission rate of 33% in 29 primary nonresponders at 1 year
in a Scottish population. Panaccione et al** reported a lower
remission rate (18%) in 22 patients at week 24 with a response
of 68% at week 24. Although the efficacy of adalimumab is
more modest than in patients who initially respond to IFX,
adalimumab therapy could be a treatment option in patients
with primary nonresponse to [FX.

Treatment alternatives

in patients with LoR to IFX

First of all, it is important to confirm that patients’ symptoms
stem from inflammatory activity through clinical, analyti-
cal, endoscopic, and/or radiological testing. In patients with
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LoR dose escalation, switching to another drug, adding an
immunomodulator, changing to a treatment with another
mechanism of action, or surgery are the most frequently
used alternatives.

Combination treatment

A combination treatment with thiopurines and IFX is recom-
mended to improve the primary response to IFX. The Study
of Biologic and Immunomodulator Naive Patients in Crohn’s
Disease (SONIC) trial showed that combination therapy with
AZA and IFX in moderate to severe CD patients without
previous immunosuppressant or biologic therapy obtained an
increase in corticosteroid-free clinical remission at week 26
(56.8%) than those patients receiving monotherapy (44.4%;
P=0.02) or AZA (30.0%; P<<0.001) without an increased
risk of serious infections.* Infliximab, azathioprine, or
infliximab + azathioprine for treatment of moderate to
severe ulcerative colitis: The UC SUCCESS trial follows a
similar design in UC patients.*® The findings of the SONIC
study in CD patients were confirmed with a similar strength
in the SUCCESS study in UC patients. Corticosteroid-free
remission at week 16 was achieved in a significantly greater
percentage of patients with moderate to severe UC who were
treated with combination [FX and AZA therapy (39.7%) than
with AZA (23.7%; P=0.032) or IFX monotherapy (22.1%;
P=0.017) patients. A greater percentage of patients on combi-
nation therapy achieved mucosal healing (62.8%) at week 16
than those on AZA monotherapy (36.8%; P=0.001) without
significant differences versus IFX monotherapy patients
(54.6%; P=0.295). This finding could probably be related to
the delayed effect of AZA therapy. There were no differences
in serious events between the three groups.

Although combination therapy with AZA and IFX is a
good option for the management of IBD, treatment with two
immunosuppressants together could lead to a higher rate
of adverse events such as serious infections and the rare
hepatosplenic T-cell lymphoma, and must be considered
when starting these therapies.’” Deepak et al*® did not find
an increase in serious infections with combination therapy
compared with monotherapy. Regardless, this increased rate
appears to be low, with lymphoma being a very rare event,
and uncontrolled IBD can lead to increased mortality because
of complications and surgery.*

The randomized trial evaluated the efficacy of methotrex-
ate in combination with IFX in patients with active CD who
were recently treated with corticosteroids.* The combination
of methotrexate and IFX was not more effective than IFX
alone for inducing and maintaining remission (76% vs 78%;

P=0.83 at week 14, and 56% vs 57%; P=0.86 at week 50),
although patients treated with methotrexate were significantly
less likely to develop ATI. IFX trough concentrations in the
combination group were higher compared with the mono-
therapy group, but this difference was not statistically sig-
nificant (6.35 wg/mL vs 3.75 ug/mL; P=0.08). In a Cochrane
review, the combination of methotrexate with IFX therapy
did not provide any additional benefit over IFX monotherapy,
although more data are needed.*

Dosage escalation

In patients who lose their initial response to the standard [FX
treatment regimen of 5 mg/kg every 8 weeks, increasing the
dosage (eg, from 5 mg/kg to 10 mg/kg) or decreasing the
infusion interval (eg, from every 8 weeks to every 6 weeks),
or both, is an option. In the ACCENT I trial, an increase in
the dosage to 10 mg/kg resulted in a 90% response in luminal
CD patients.® In the ACCENT II study, the same strategy of
increasing dosage obtained a response in 57% of patients with
fistulizing CD.* These data are in concordance with other
studies that showed that IFX dosage escalation is follow by
a high rate of response, at least transiently, with fewer data
about the long-term benefit.** Chaparro et al*® found a
79% clinical response rate after the first escalated dosage in
patients with CD, although the risk of loss of efficacy with the
escalated treatment was 43% per patient-year of follow-up,
much higher than the 13% estimated with the standard IFX
dosage. This high rate of LoR after dosage escalation may
be in relation to the formation of ATI.

Shortening the interval between IFX doses is a strategy
often used in clinical practice in patients with LoR, especially
in those patients who experience a shortened duration of
response. The adjusted interval usually varies widely between
4 weeks and 7 weeks. Kopylov et al*’ analyzed the immediate
clinical response and 1-year response after IFX intensification
in a group with a dose every 6 weeks versus another group of
patients with a dose of 10 mg/kg every 8 weeks or 5 mg/kg
each 4 weeks. Immediate clinical response was achieved
in two-thirds of patients in both groups without statistical
differences. Approximately one-third of patients had a sus-
tained clinical response at 12 months after IFX intensifica-
tion, without differences between both groups. No clinical
factor was found to be predictive of a sustained response
to escalation. A further dose escalation was attempted in
28 patients without response to a first escalation. Response
to this second escalation was achieved in 39% of patients.

Regueiro et al* found that dosage intensification was
required in 31% of patients with CD treated with at least
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eight doses of IFX at month 12, and 54% after 30 months of
treatment. In UC patients, Seow et al'” found that escalation of
IFX therapy by shortening the interval to 67 weeks achieved
remission in 44% of the patients and in 25% in cases of
doubling the dose. Rostholder et al*® retrospectively analyzed
the need to increase IFX in ambulatory patients with moder-
ately active UC. They found that 54% of patients required dose
escalation after a mean of six maintenance infusions, with a
remission rate of 19% at 12 months compared with 56% in
the nonescalation group. Neither CRP concentrations nor
immunomodulator combination therapy was associated with
clinical remission at 12 months. The risk of colectomy was not
different between the escalation and nonescalation groups.

A recent retrospective European multicenter study in
patients treated with IFX describes a clinical response after
the first escalated dose in 13 of 15 patients (86.7%) with
a doubled dosage and in 24 of 26 patients (92.3%) with a
shortened interval (P=0.96).* The patients who achieved
rapid clinical response had significantly higher colectomy-
free rates at week 52 than patients who did not (P=0.002).
Half of the patients were de-escalated to a standard regimen
after a mean period of 13.6 months. This de-escalation was
more frequent in patients with a shortened interval (odds
ratio 5.84, 95% CI: 1.41-24.17).

Steenholdt et al*® have recently published their data from
arandomized, controlled, multicenter study including patients
with LoR to IFX. Sixty-nine patients were randomized to [FX
dose intensification (5 mg/kg every 4 weeks) (n=36) or to fol-
low an algorithm based on serum IFX and ATI concentrations.
At week 12, the cost per patient was lower in those treated in
accordance with the algorithm compared with routine [FX dose
escalation (€6,038 vs €9,178; P<<0.001), with similar response
rates (47% vs 53%; P=0.78). Long-term data are necessary.

Switching the anti-TNF-o.
Switching to another anti-TNF-o. drug, mainly adalimumab,
is a common choice in patients with LoR to IFX, especially
in patients who do not respond to dose escalation. Sandborn
et al’! reported a clinical remission rate of 12% and 29% at
weeks 4 and 12 with adalimumab in 17 CD patients who
had lost responsiveness or developed intolerance to IFX and
with a high need for escalation of adalimumab (79% during
weeks 4—6) because of partial response to the induction
therapy. Papadakis et al> reported a complete response of
54% after 6 months of adalimumab therapy in CD patients
with an attenuated response to IFX.

The placebo-controlled GAIN (Gauging Adalimumab
Efficacy in Infliximab Nonresponders) trial analyzed the

response to adalimumab in adult patients with moderate to
severe CD who had symptoms despite treatment with IFX
or who could not tolerate IFX because of adverse events.>
At week 4, 21% (34 of 159) of patients treated with adali-
mumab compared with 7% (12 of 166) of patients in the
placebo group achieved clinical remission (P<<0.001).
These data are similar to those seen in the The Crohn’s Trial
of the Fully Human Antibody Adalimumab for Remission
Maintenance (CHARM) trial, which included IFX-naive
and IFX-experienced patients with a remission rate of 25%
at week 4.5

Karmiris et al® analyzed the efficacy of adalimumab
therapy in patients who previously discontinued IFX because
of LoR or intolerance and the influence of trough serum
adalimumab concentrations and antibodies to adalimumab
on clinical response. They found a complete clinical response
in 40.4% of patients treated with adalimumab at week 4. The
probability of dose escalation was approximately 15% at
30 weeks and 80% at 120 weeks of adalimumab treatment.
Patients who discontinued adalimumab by week 4 had lower
adalimumab concentrations than patients with adalimumab
maintenance treatment (P=0.012). Ma et al*® reported a
short-term clinical response of 41%—-83% at week 4 and
a clinical remission rate of 19%-68% at 12 months of
adalimumab treatment following discontinuation of IFX.
Taxonera et al’” found that UC patients previously treated
with IFX who achieved a clinical response to adalimumab
at week 12 were colectomy free during a mean follow-up
period of 48 weeks.

Kaplan et al*® carried out a decision analysis model to
compare the cost-effectiveness of IFX dose escalation with
initiation of adalimumab in CD patients with LoR to IFX.
Dose escalation to 10 mg/kg of IFX improved quality-
adjusted life-years compared with switching to adalimumab,
although the cost was considerable. The Treatment of the
Human Anti-TNF Monoclonal Antibody Adalimumab in
Moderate to Severe Crohn’s Disease with Previous Exposure
to Infliximab (CHOICE) trial evaluated the safety and
effectiveness of adalimumab in patients with moderate to
severe CD who had primary nonresponse or LoR or who
were intolerant to IFX.** Complete fistula healing during
adalimumab therapy was achieved in 30.8% of primary
nonresponders and in 40% of the rest of the patients who
previously discontinued IFX. Both patient groups experi-
enced statistically significant improvements in the quality
of life questionnaire and in-work productivity. The CARE
trial showed in a large European cohort that treatment with
adalimumab in CD patients previously treated with IFX,
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including primary nonresponders, improves patients’ quality
of life and reduces the overall economic burden associated
with work disability and productivity impairment at work.*
Remission rates at week 20 were higher in [FX-naive versus
IFX-exposed patients (62% vs 42%; P<<0.001), being similar
in primary nonresponders and patients discontinuing IFX for
another reason (37% vs 43%; P=0.278).%

The 26-Week open-label trial evaluating the clinical
benefit and tolerability of certolizumab pegol induction and
maintenance in patients suffering from Crohn’s disease with
prior loss of response or intolerance to infliximab (WEL-
COME) trial evaluated the clinical benefits and tolerability of
certolizumab pegol over 26 weeks in patients with moderate
to severe CD with prior LoR and/or hypersensitivity to IFX.6!
At week 6, 62% of patients achieved a 100-point decrease
(64.3% in patients with prior LoR to [FX) and 69.2% achieved
a 70-point or greater decrease in Crohn’s Disease Activity
Index scores from baseline, with a clinical remission rate
(Crohn’s Disease Activity Index score =150 points) reported
in 39.3% of patients. Those patients who lost their response to
certolizumab 400 mg every 4 weeks were treated successfully
with dose escalation to 400 mg every 2 weeks with a response
rate of more than two-thirds.

The results of these studies indicate that switching to
alternative anti-TNF-o. therapy with certolizumab pegol or
mainly adalimumab may be an effective treatment option in
patients with CD who have lost response to or experienced
hypersensitivity to IFX.

Restarting IFX after a previous

failed IFX treatment

The reintroduction of IFX in selected patients after previous
treatment could be an option in some cases. Baert et al®> ana-
lyzed the response rate of restarting IFX in patients with LoR
or serious infusion reactions. Of the 28 patients analyzed (25 of
them with previous LoR), 17 (62%) had a short-term response
to restarting IFX therapy after at least 6 months without IFX
(during this interval these patients were treated with a variety
of other agents, including investigational drugs and surgery),
and 13 patients (45%) had a clinical response after 1 year of
IFX. Although these rates were significantly higher in patients
in whom the reason for discontinuation of first course of [FX
was remission, these data show that the reintroduction of IFX
in selected patients after a previous LoR could obtain an appre-
ciable response rate. The response rate was not influenced by
the duration of the drug holiday or the use of a week 0—2—-6
induction regimen. Regardless, seven of the 23 patients (30.4%)
with previous LoR developed serious infusion reactions after

IFX restart, so more data are needed. Short-term and long-term
responses were correlated significantly with higher trough IFX
concentrations as well as the absence of ATI. An IFX trough
concentration above 2 pg/mL and undetectable ATI early after
restart were predictive of response. Combination therapy was
superior, with regard to long-term efficacy and safety, only in
patients with trough IFX concentrations in the lowest quartile
soon after restarting, in line with previous data, suggesting that
patients with high IFX concentrations could be managed with
IFX monotherapy. Although more data are needed, selected
patients without other appropriate treatment options could be
retreated with IFX with acceptable efficacy.

Other therapies

Surgery is an option in patients with LoR to IFX, especially
in UC and CD localized to a short segment of the bowel and
perianal disease.*

A broad spectrum of new therapies for IBD patients
with different targets is being developed. Golimumab is
a fully human anti-TNF-o drug recently approved for the
treatment of moderate to severe adult UC patients who had
an inadequate response to or failed to tolerate conventional
oral therapies, with a rate of adverse events similar to
placebo.®

Natalizumab, a humanized anti-o4-integrin monoclo-
nal antibody, is effective in the treatment of moderately to
severely active CD patients, but it is not approved in Europe
because it has been associated with an increased risk of mul-
tifocal leukoencephalopathy (one case/10,000 patients).*
Vedolizumab is a humanized immunoglobulin G1 mAb
against 047 integrin that has been shown to be superior to
placebo in inducing and maintaining clinical and endoscopic
remission in UC patients.® Although the results of short-term
response are better in UC, long-term sustained response
rates at 52 weeks are similar in UC and CD patients, around
40%.578 Tt has an effect that is limited to the gastrointesti-
nal tract, thereby most likely avoiding a risk of multifocal
leukoencephalopathy. Ustekinumab is a humanized immuno-
globulin G1 monoclonal antibody against the p40 subunit of
interleukin 12 and 23. The Crohn’s Evaluation of Response to
Ustekinumab anti-Interleukin-12/23 for Induction (CERTIFI)
trial found that ustekinumab is superior to placebo in induc-
ing short-term response in CD patients who have previously
failed anti-TNF-q therapy.®

Extracorporeal photopheresis and autologous hematopoi-
etic stem cell transplantation could be alternatives in patients
with CD refractory to immunosuppressants and/or anti-
TNF-a, although more data are needed.”®”
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Conclusion

IFX treatment is effective in inducing and maintaining
response in IBD patients. Lack of response and LoR to
IFX are common. Close monitoring during IFX therapy is
recommended. Analytical data such as CRP and calprotec-
tin together with clinical status can help us predict LoR to
IFX. Once it is confirmed that the symptoms are related to
inflammatory activity, escalation of IFX treatment (increasing
the dosage and/or shorting the interval) or switching to another
anti-TNF-o drug is useful. Serum trough IFX concentrations
and ATT concentrations could guide us in this choice, though
a more available test and a widely accepted algorithm are
necessary before their routine use. Combination treatment
with thiopurines and IFX is recommended to improve the
response to IFX, but it must take into account the possible
serious complications with combination treatment, such as
infections and tumors. Adalimumab is effective in achieving
response in patients without response to IFX in UC and CD.
Certolizumab, ustekinumab, and natalizumab in CD patients,
and golimumab and vedolizumab in UC patients, have shown
to be effective alternatives to IFX. Surgery is a recommended
alternative in selected patients with LoR to IFX. The optimal
strategy in the future may comprise early detection of LoR by
assessing clinical symptoms and finding evidence of activ-
ity of the disease on analytical, endoscopic, or radiological
examinations when necessary, as well as better management
of anti-TNF-0. treatment by measuring the serum concentra-
tion of the drug and antibodies against the drug.

Disclosure
Dr Bermejo has received speaker fees from AbbVie and MSD.
Dr Guerra reports no conflicts of interest in this work.

References

1. Terdiman JP, Gruss CB, Heidelbaugh JJ, et al. American Gastroenterologi-
cal Association Institute guideline on the use of thiopurines, methotrexate,
and anti-TNF-alpha biologic drugs for the induction and maintenance
of remission in inflammatory Crohn’s disease. Gastroenterology.
2013;145(6):1459-1463.

2. Stidham RW, Lee TC, Higgins PD, et al. Systematic review with net-
work meta-analysis: the efficacy of anti-tumour necrosis factor-alpha
agents for the treatment of ulcerative colitis. Aliment Pharmacol Ther.
2014;39(7):660-671.

3. Reinisch W, Van Assche G, Befrits R, et al. Recommendations for the
treatment of ulcerative colitis with infliximab: a gastroenterology expert
group consensus. J Crohns Colitis. 2012;6(2):248-258.

4. Dignass A, Lindsay JO, Sturm A, et al. Second European evidence-
based consensus on the diagnosis and management of ulcerative
colitis part 2: current management. J Crohns Colitis. 2012;6(10):
991-1030.

5. Rutgeerts P, Sandborn WJ, Feagan BG, et al. Infliximab for induction and
maintenance therapy for ulcerative colitis. N Engl J Med. 2005;353(23):
2462-2476.

19.

20.

21.

22.

23.

24.

. Gisbert JP, Gonzalez-Lama Y, Mate J. Systematic review: infliximab

therapy in ulcerative colitis. Aliment Pharmacol Ther. 2007;25(1):
19-37.

. Dignass A, Van Assche G, Lindsay JO, et al. The second European

evidence-based consensus on the diagnosis and management of Crohn’s
disease: current management. J Crohns Colitis. 2010;4(1):28-62.

. Hanauer SB, Feagan BG, Lichtenstein GR, et al. Maintenance inflix-

imab for Crohn’s disease: the ACCENT I randomised trial. Lancet.
2002;359(9317):1541-1549.

. Gisbert JP, Panes J. Loss of response and requirement of infliximab

dose intensification in Crohn’s disease: a review. Am J Gastroenterol.
2009;104(3):760-767.

. Steenholdt C, PalarasahY, Bendtzen K, et al. Pre-existing IgG antibod-

ies cross-reacting with the Fab region of infliximab predict efficacy and
safety of infliximab therapy in inflammatory bowel disease. Aliment
Pharmacol Ther. 2013;37(12):1172—1183.

. Sprakes MB, Ford AC, Warren L, Greer D, Hamlin J. Efficacy, toler-

ability, and predictors of response to infliximab therapy for Crohn’s
disease: a large single centre experience. J Crohns Colitis. 2012;6(2):
143-153.

. De Vos M, Louis EJ, Jahnsen J, et al. Consecutive fecal calprotectin

measurements to predict relapse in patients with ulcerative colitis receiv-
ing infliximab maintenance therapy. Inflamm Bowel Dis. 2013;19(10):
2111-2117.

. Laharie D, Mesli S, El Hajbi F, et al. Prediction of Crohn’s disease

relapse with faecal calprotectin in infliximab responders: a prospective
study. Aliment Pharmacol Ther. 2011;34(4):462—469.

. Molander P, af Bjorkesten CG, Mustonen H, et al. Fecal calprotectin

concentration predicts outcome in inflammatory bowel disease after
induction therapy with TNFalpha blocking agents. nflamm Bowel Dis.
2012;18(11):2011-2017.

. Danese S, Fiorino G, Reinisch W. Review article: causative factors

and the clinical management of patients with Crohn’s disease who
lose response to anti-TNF-alpha therapy. Aliment Pharmacol Ther.
2011;34(1):1-10.

. Maser EA, Villela R, Silverberg MS, Greenberg GR. Association of

trough serum infliximab to clinical outcome after scheduled main-
tenance treatment for Crohn’s disease. Clin Gastroenterol Hepatol.
2006;4(10):1248-1254.

. Seow CH, Newman A, Irwin SP, Steinhart AH, Silverberg MS,

Greenberg GR. Trough serum infliximab: a predictive factor of clini-
cal outcome for infliximab treatment in acute ulcerative colitis. Gut.
2010;59(1):49-54.

. Cornillie F, Hanauer SB, Diamond RH, et al. Postinduction serum

infliximab trough level and decrease of C-reactive protein level are
associated with durable sustained response to infliximab: a retrospective
analysis of the ACCENT I trial. Gut. Epub January 28, 2014.
O’Meara S, Nanda KS, Moss AC. Antibodies to infliximab and risk of
infusion reactions in patients with inflammatory bowel disease: a system-
atic review and meta-analysis. Inflamm Bowel Dis. 2014;20(1):1-6.
Van Assche G, Magdelaine-Beuzelin C, D’Haens G, et al. Withdrawal
of immunosuppression in Crohn’s disease treated with scheduled
infliximab maintenance: a randomized trial. Gastroenterology.
2008;134(7):1861-1868.

Nanda KS, Cheifetz AS, Moss AC. Impact of Antibodies to Infliximab on
Clinical Outcomes and Serum Infliximab Levels in Patients With Inflam-
matory Bowel Disease (IBD): A Meta-Analysis. Am J Gastroenterol.
2013;108(1):40-47.

Guerra I, Chaparro M, Bermejo F, Gisbert JP. Utility of mea-
suring serum concentrations of anti-TNF agents and anti-drug
antibodies in inflammatory bowel disease. Curr Drug Metab.
2011;12(6):594-598.

Eser A, Primas C, Reinisch W. Drug monitoring of biologics in inflamma-
tory bowel disease. Curr Opin Gastroenterol. 2013;29(4):391-396.
Vande Casteele N, Gils A, Singh S, et al. Antibody response to infliximab
and its impact on pharmacokinetics can be transient. Am J Gastroenterol.
2013;108(6):962-971.

Clinical and Experimental Gastroenterology 2014:7

submit your manuscript

365

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Guerra and Bermejo

Dove

25.

26.

217.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Dirks NL, Meibohm B. Population pharmacokinetics of therapeutic
monoclonal antibodies. Clin Pharmacokinet. 2010;49(10):633—659.
Fasanmade AA, Adedokun OJ, Olson A, Strauss R, Davis HM. Serum
albumin concentration: a predictive factor of infliximab pharmacokinet-
ics and clinical response in patients with ulcerative colitis. Int J Clin
Pharmacol Ther. 2010;48(5):297-308.

Ainsworth MA, Bendtzen K, Brynskov J. Tumor necrosis factor-alpha
binding capacity and anti-infliximab antibodies measured by fluid-phase
radioimmunoassays as predictors of clinical efficacy of infliximab in
Crohn’s disease. Am J Gastroenterol. 2008;103(4):944-948.

Arijs I, Li K, Toedter G, et al. Mucosal gene signatures to pre-
dict response to infliximab in patients with ulcerative colitis. Gut.
2009;58(12):1612-1619.

Arijs I, Quintens R, Van Lommel L, et al. Predictive value of epithelial
gene expression profiles for response to infliximab in Crohn’s disease.
Inflamm Bowel Dis. 2010;16(12):2090-2098.

Farrell RJ, Alsahli M, Jeen YT, Falchuk KR, Peppercorn MA,
Michetti P. Intravenous hydrocortisone premedication reduces anti-
bodies to infliximab in Crohn’s disease: a randomized controlled trial.
Gastroenterology. 2003;124(4):917-924.

Mantzaris GJ, Viazis N, Petraki K, et al. A pilot study comparing
hydrocortisone premedication to concomitant azathioprine treatment in
preventing loss of response to infliximab. Eur J Gastroenterol Hepatol.
2009;21(9):1042-1048.

Lofberg R, Louis EV, Reinisch W, et al. Adalimumab produces clinical
remission and reduces extraintestinal manifestations in Crohn’s disease:
results from CARE. Inflamm Bowel Dis. 2012;18(1):1-9.

Ho GT, Mowat A, Potts L, et al. Efficacy and complications of adali-
mumab treatment for medically-refractory Crohn’s disease: analysis of
nationwide experience in Scotland (2004-2008). Aliment Pharmacol
Ther. 2009;29(5):527-534.

Panaccione R, Loftus EV Jr, Binion D, et al. Efficacy and safety
of adalimumab in Canadian patients with moderate to severe
Crohn’s disease: results of the Adalimumab in Canadian SubjeCts
with ModErate to Severe Crohn’s DiseaSe (ACCESS) trial. Can J
Gastroenterol. 2011;25(8):419-425.

Colombel JF, Sandborn W1, Reinisch W, et al. Infliximab, azathioprine,
or combination therapy for Crohn’s disease. N Engl J Med. 2010;
362(15):1383-1395.

Panaccione R, Ghosh S, Middleton S, et al. Combination therapy with
infliximab and azathioprine is superior to monotherapy with either agent
in ulcerative colitis. Gastroenterology. 2014;146(2):392—400.
Mackey AC, Green L, Liang LC, Dinndorf P, Avigan M. Hepatosplenic
T cell lymphoma associated with infliximab use in young patients
treated for inflammatory bowel disease. J Pediatr Gastroenterol Nutr.
2007;44(2):265-267.

Deepak P, Stobaugh DJ, Ehrenpreis ED. Infectious complications of
TNF-alpha inhibitor monotherapy versus combination therapy with
immunomodulators in inflammatory bowel disease: analysis of the
Food and Drug Administration Adverse Event Reporting System.
J Gastrointestin Liver Dis. 2013;22(3):269-276.

Siegel CA, Finlayson SR, Sands BE, Tosteson AN. Adverse events do not
outweigh benefits of combination therapy for Crohn’s disease in a deci-
sion analytic model. Clin Gastroenterol Hepatol. 2012;10(1):46-51.
Feagan BG, McDonald JW, Panaccione R, et al. Methotrexate in com-
bination with infliximab is no more effective than infliximab alone
in patients with Crohn’s disease. Gastroenterology. 2014;146(3):
e681—-c688.

McDonald JW, Tsoulis DJ, Macdonald JK, Feagan BG. Methotrexate
for induction of remission in refractory Crohn’s disease. Cochrane
Database Syst Rev. 2012;12:CD003459.

Sands BE, Anderson FH, Bernstein CN, et al. Infliximab maintenance
therapy for fistulizing Crohn’s disease. N Engl J Med. 2004;350(9):
876-885.

Regueiro M, Siemanowski B, Kip KE, Plevy S. Infliximab dose
intensification in Crohn’s disease. Inflamm Bowel Dis. 2007;13(9):
1093-1099.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Schnitzler F, Fidder H, Ferrante M, et al. Long-term outcome of treat-
ment with infliximab in 614 patients with Crohn’s disease: results from
a single-centre cohort. Gut. 2009;58(4):492-500.

Hyams J, Crandall W, Kugathasan S, et al. Induction and maintenance
infliximab therapy for the treatment of moderate-to-severe Crohn’s
disease in children. Gastroenterology. 2007;132(3):863-873; quiz
1165-1166.

Chaparro M, tinez-Montiel P, Van Domselaar M, et al. Intensification
of infliximab therapy in Crohn’s disease: efficacy and safety. J Crohns
Colitis. 2012;6(1):62—67.

Kopylov U, Mantzaris GJ, Katsanos KH, et al. The efficacy of shortening
the dosing interval to once every six weeks in Crohn’s patients losing
response to maintenance dose of infliximab. Aliment Pharmacol Ther.
2011;33(3):349-357.

Rostholder E, Ahmed A, Cheifetz AS, Moss AC. Outcomes after
escalation of infliximab therapy in ambulatory patients with moder-
ately active ulcerative colitis. Aliment Pharmacol Ther. 2012;35(5):
562-567.

Cesarini M, Katsanos K, Papamichael K, et al. Dose optimization is
effective in ulcerative colitis patients losing response to infliximab:
a collaborative multicentre retrospective study. Dig Liver Dis.
2014;46(2):135-139.

Steenholdt C, Brynskov J, Thomsen OO, et al. Individualised therapy
is more cost-effective than dose intensification in patients with Crohn’s
disease who lose response to anti-TNF treatment: a randomised, con-
trolled trial. Gut. 2014;63(6):919-927.

Sandborn WIJ, Hanauer S, Loftus EV Ir, et al. An open-label study of
the human anti-TNF monoclonal antibody adalimumab in subjects with
prior loss of response or intolerance to infliximab for Crohn’s disease.
Am J Gastroenterol. 2004;99(10):1984-1989.

Papadakis KA, Shaye OA, Vasiliauskas EA, et al. Safety and efficacy
of adalimumab (D2E7) in Crohn’s disease patients with an attenuated
response to infliximab. Am J Gastroenterol. 2005;100(1):75-79.
Sandborn W, Rutgeerts P, Enns R, et al. Adalimumab induction therapy
for Crohn disease previously treated with infliximab: a randomized trial.
Ann Intern Med. 2007;146(12):829-838.

Colombel JF, Sandborn WIJ, Rutgeerts P, et al. Adalimumab for
Maintenance of Clinical Response and Remission in Patients With
Crohn’s Disease: The CHARM Trial. Gastroenterology. January
2007:132(1):52-65.

Karmiris K, Paintaud G, Noman M, et al. Influence of trough serum lev-
els and immunogenicity on long-term outcome of adalimumab therapy
in Crohn’s disease. Gastroenterology. 2009;137(5):1628-1640.

Ma C, Panaccione R, Heitman SJ, Devlin SM, Ghosh S, Kaplan GG.
Systematic review: the short-term and long-term efficacy of adalimumab
following discontinuation of infliximab. Aliment Pharmacol Ther.
2009;30(10):977-986.

Taxonera C, Estelles J, Fernandez-Blanco I, et al. Adalimumab
induction and maintenance therapy for patients with ulcerative
colitis previously treated with infliximab. Aliment Pharmacol Ther.
2011;33(3):340-348.

Kaplan GG, Hur C, Korzenik J, Sands BE. Infliximab dose escalation
vs initiation of adalimumab for loss of response in Crohn’s disease:
a cost-effectiveness analysis. Aliment Pharmacol Ther.2007;26(11-12):
1509-1520.

Lichtiger S, Binion DG, Wolf DC, et al. The CHOICE trial: adali-
mumab demonstrates safety, fistula healing, improved quality of life
and increased work productivity in patients with Crohn’s disease who
failed prior infliximab therapy. Aliment Pharmacol Ther. 2010;32(10):
1228-1239.

Louis E, Lofberg R, Reinisch W, et al. Adalimumab improves patient-
reported outcomes and reduces indirect costs in patients with moderate
to severe Crohn’s disease: results from the CARE trial. J Crohns Colitis.
2013;7(1):34-43.

Sandborn WJ, Abreu MT, D’Haens G, et al. Certolizumab pegol in
patients with moderate to severe Crohn’s disease and secondary failure
to infliximab. Clin Gastroenterol Hepatol. 2010;8(8):688—695.

366

submit your manuscript

Dove

Clinical and Experimental Gastroenterology 2014:7


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Management of poor responders to infliximab

62. Baert E, Drobne D, Gils A, et al. Early trough levels and antibodies
to infliximab predict safety and success of re-initiation of infliximab
therapy. Clin Gastroenterol Hepatol. Epub January 29, 2014.

63. Sandborn W1J, Feagan BG, ano C, et al. Subcutaneous golimumab main-
tains clinical response in patients with moderate-to-severe ulcerative
colitis. Gastroenterology. 2014;146(1):96—-109.

64. Targan SR, Feagan BG, Fedorak RN, et al. Natalizumab for the
treatment of active Crohn’s disease: results of the ENCORE trial.
Gastroenterology. 2007;132(5):1672—-1683.

65. Yousry TA, Major EO, Ryschkewitsch C, et al. Evaluation of patients
treated with natalizumab for progressive multifocal leukoencephalopathy.
N Engl J Med. 2006;354(9):924-933.

66. Lobaton T, Vermeire S, Van Assche G, Rutgeerts P. Review article:
anti-adhesion therapies for inflammatory bowel disease. Aliment
Pharmacol Ther. 2014;39(6):579-594.

Clinical and Experimental Gastroenterology

Publish your work in this journal

Clinical and Experimental Gastroenterology is an international, peer-
reviewed, open access journal, publishing all aspects of gastroenterology
in the clinic and laboratory, including: Pathology, pathophysiology
of gastrointestinal disease; Investigation and treatment of gastointes-
tinal disease; Pharmacology of drugs used in the alimentary tract;

67.

68.

69.

70.

71.

Feagan BG, Rutgeerts P, Sands BE, et al. Vedolizumab as induc-
tion and maintenance therapy for ulcerative colitis. N Engl J Med.
2013;369(8):699-710.

Sandborn WJ, Feagan BG, Rutgeerts P, et al. Vedolizumab as induc-
tion and maintenance therapy for Crohn’s disease. N Engl J Med.
2013;369(8):711-721.

Sandborn W1J, Gasink C, Gao LL, et al. Ustekinumab induction and
maintenance therapy in refractory Crohn’s disease. N Engl J Med.
2012;367(16):1519-1528.

Abreu MT, von Tirpitz C, Hardi R, et al. Extracorporeal photopheresis
for the treatment of refractory Crohn’s disease: results of an open-label
pilot study. Inflamm Bowel Dis. 2009;15(6):829-836.

Hommes DW, Duijvestein M, Zelinkova Z, et al. Long-term follow-up of
autologous hematopoietic stem cell transplantation for severe refractory
Crohn’s disease. J Crohns Colitis. 2011;5(6):543-549.

Dove

Immunology/genetics/genomics related to gastrointestinal disease.
This journal is indexed on CAS. The manuscript management system
is completely online and includes a very quick and fair peer-review
system. Visit http://www.dovepress.com/testimonials.php to read real
quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/clinical-and-experimental-gastroenterology-journal

Clinical and Experimental Gastroenterology 2014:7

submit your manuscript 367
Dove


http://www.dovepress.com/clinical-and-experimental-gastroenterology-journal
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


