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Crohn’s disease (CD) involves chronic and progressive transmural inflammation of the
bowel characterized by repeated periods of remission and deterioration. Pharmacologic
management of CD currently consists of 5-aminosalicylic acid (5-ASA), corticosteroids, purine analogs azathioprine (AZA), and 6-mercaptopurine (MP), and
biologics including anti-tumor necrosis factor (TNF)-α inhibitors. Infliximab (IFX)
and adalimumab (ADA) are chimeric and fully human monoclonal immunoglobulin
G1 antibodies that neutralize TNF-α. Treatment with anti-TNF-α antibodies like
IFX and ADA can induce mucosal healing in the affected segments of the digestive
tract.1 These agents have currently validated therapeutic efficacy in patients with
CD.2–5 Thus, anti-TNF-α antibodies currently play a central role in the treatment
of patients with CD. However, the efficacy of TNF-α inhibitor monotherapy with
regard to induction of clinical remission in randomized patients with refractory CD
was reportedly around 50% in 10 weeks.5 In addition, clinical responses to TNF-α
inhibitors were often reduced during scheduled maintenance therapies, and flare-ups
consequently occurred due to loss of response to IFX and ADA.5 These are limitations
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Abstract: The goals of treatment for active Crohn’s disease (CD) are to achieve clinical remission and improve quality of life. Conventional therapeutics for moderate-to-severe CD include
5-aminosalicylic acid, corticosteroids, purine analogs, azathioprine, and 6-mercaptopurine.
Patients who fail to respond to conventional therapy are treated with tumor necrosis factor
(TNF)-α inhibitors such as infliximab and adalimumab, but their efficacy is limited due to
primary nonresponse or loss of response. It is suggested that this requires switch to another
TNF-α inhibitor, a combination therapy with TNF-α blockade plus azathioprine, or granulocyte and monocyte adsorptive apheresis, and that other therapeutic options having different
mechanisms of action, such as blockade of inflammatory cytokines or adhesion molecules, are
needed. Natalizumab and vedolizumab are neutralizing antibodies directed against integrin α4
and α4β7, respectively. Ustekinumab is a neutralizing antibody directed against the receptors
for interleukin-12 and interleukin-23. Here, we provide an overview of therapeutic treatments
that are effective and currently available for CD patients, as well as some that likely will be
available in the near future. We also discuss the advantages of managing patients with refractory CD using a combination of TNF-α inhibitors plus azathioprine or intensive monocyte
adsorptive apheresis.
Keywords: adalimumab, granulocyte and monocyte adsorptive apheresis, combination therapy,
complete remission
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that make this treatment not always satisfactory. Accordingly,
additional treatments that can induce clinical remission in
these patients with refractory CD, such as granulocyte and
monocyte adsorptive apheresis (GMA) and AZA therapy,
are needed.6–9 In addition, other therapeutic options with
different mechanisms of action are required. Vedolizumab,
a specific α4β7 integrin antagonist, is generally well tolerated, and a therapeutic option available for patients with
moderate to severely active CD.
The present review focuses on therapeutic treatments that
are effective and currently available for CD patients, or likely
will be in the near future, and the advantages of management
of refractory CD patients with combination therapy of TNF-α
inhibitors plus AZA or intensive GMA.

Currently available treatments
5-aminosalicylic acid
A systematic review and meta-analysis of the effect of
5-ASA on CD10 demonstrated a trend toward a benefit
with sulfasalazine over placebo with a relative risk (RR)
of failure to achieve remission of 0.83 (95% confidence
interval [CI] 0.69–1.00), based on analyzed data showing
that a remission (CD Activity Index [CDAI] #150) was not
achieved in 73 (57%) of 128 patients randomized to receive
sulfasalazine, compared with 93 (68.9%) of 135 patients
allocated to placebo.11,12
A recent systematic review of pertinent literature in the
Cochrane database investigating the efficacy of sulfasalazine
and mesalamine in inducing remission or clinical response
in a total of 263 mild-to-moderate CD patients randomized
to sulfasalazine or placebo and 917 patients randomized
to mesalamine or placebo demonstrated that sulfasalazine
was of modest benefit in inducing remission, and 5-ASA
appeared to be of little benefit in inducing remission. This
is based on data showing that sulfasalazine was more likely
to induce remission (RR 1.38; 95% CI 1.02–1.87) compared with placebo; low-dose mesalamine (1–2 g/day) was
not superior to placebo (RR 1.46; 95% CI 0.89–2.40); and
that high-dose mesalamine (3–4.5 g/day) was not superior
to placebo for induction of remission (RR 2.02; 95% CI
0.75–5.45) or response (weighted mean difference -19.8
points; 95% CI -46.2, 6.7).13
On the other hand, a systematic review investigating the
efficacy of mesalazine for the maintenance of surgicallyinduced and medically-induced remission in 729 CD patients
receiving surgical treatment and 1,305 CD patients receiving
mesalazine demonstrated that variations in diversity of different
5-ASA formulations may be a key contributory factor in the
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clinical outcomes of patients with quiescent CD maintained
on mesalazine, based on data showing that pH 7-dependent
mesalazine treatment significantly reduced the risk of relapse
in patients with either surgically-induced remission (odds ratio
0.28; 95% CI 0.12–0.65; P=0.0032) or medically-induced
remission (odds ratio 0.38; 95% CI 0.17–0.85; P=0.0113),
but that treatment with controlled-release mesalazine and
pH 6-dependent mesalazine failed to show any significant
advantage over placebo. In addition, therapeutic benefit was
highest for pH 7-dependent mesalazine (surgical 30.6%, medical 22.8%), compared with 6.9% (surgical) and 6.4% (medical),
respectively, for controlled-release mesalazine, and 9.8%
(surgical) and 4.4% (medical), respectively, for pH 6-dependent
mesalazine. Based on the above, sulfasalazine was of modest
benefit in inducing remission and 5-ASA appeared to be of
little benefit in inducing and maintaining medically-induced
remission in CD.14 However, pH 7-dependent mesalazine can
be recommended for maintenance of surgically-induced and
medically-induced remission.

Corticosteroids
Corticosteroids inhibit the expression of adhesion molecules
and migration of inflammatory cells to target tissues, including the gut, thereby stemming the ability of these cells to
modulate the immune response.15 A systematic review and
meta-analysis of the efficacy of corticosteroids in CD demonstrated that corticosteroids may also be of benefit in inducing
remission in patients with CD, based on the analyzed data
showing that 53 (40.2%) of 132 patients assigned to oral
glucocorticoids failed to achieve remission, compared with
93 (68.9%) of 135 patients allocated to placebo.16 A recent
meta-analysis of the Cochrane database literature investigating the efficacy of traditional corticosteroids (given orally
or intravenously) for induction of remission in CD also
demonstrated that corticosteroids were effective for induction of remission in a total of 267 CD patients allocated to
corticosteroids or placebo, particularly when used for more
than 15 weeks, based on data showing that corticosteroids
were significantly more effective than placebo at inducing
remission in CD (RR 1.99; 95% CI 1.51–2.64; P,0.00001),
and that corticosteroids were more effective than 5-ASA at
inducing remission in studies with long follow-up durations
(.15 weeks; RR 1.65; 95% CI 1.33–2.03; P,0.00001) in a
total of 322 patients allocated to corticosteroid or 5-ASA.17
Based on the above, corticosteroids really are the first-line
choice of treatment for inducing remission.
Budesonide, which maximizes the amount and action
of corticosteroid available locally in the distal ileum and
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proximal colon but minimizes systemic availability, induces
remission in active CD, based on an analysis showing that 192
(54.7%) of 351 patients randomized to budesonide failed to
achieve remission, compared with 81 (75.5%) of 107 patients
allocated to placebo,18,19 with a statistically significant effect in
favor of budesonide (RR of failure to achieve remission 0.73;
95% CI 0.63–0.84).16 However, budesonide was not superior to placebo in preventing CD relapse (RR 0.93; 95% CI
0.83–1.04)16 because 200 (62.7%) of 319 patients randomized
to oral budesonide experienced a relapse of CD, compared
with 167 (69.6%) of 240 patients allocated to placebo.20–24 In
addition, glucocorticoids were superior to budesonide for CD
remission, based on an analysis showing that 116 (38.2%) of
304 patients receiving oral glucocorticoids failed to achieve
remission, compared with 173 (47.4%) of 365 patients receiving oral budesonide, with a statistically significant effect
in favor of oral glucocorticoids (RR of failure to achieve
remission 0.82; 95% CI 0.68–0.98).16 Based on the above,
budesonide is efficacious at inducing remission in active CD,
but is of no benefit in preventing relapse of quiescent CD and
is less effective than glucocorticoids in inducing remission
in active CD.

17.8% of 157 patients randomized to GMA achieved clinical
remission compared with 19.2% of 78 patients allocated to
sham control.29 However, further post hoc analyses demonstrated that patients with more severe disease activity (CDAI
.300) at baseline were significantly more likely to respond to
GMA, based on data showing that patients with CDAI .300
at baseline had a higher response to GMA compared with
sham control (43.8% versus 27.1%).30 Serious adverse side
effects have been rare in patients receiving GMA.

Leukocytapheresis
Leukocytapheresis treatment depletes elevated and activated
myeloid lineage leucocytes and has been associated with
marked downregulation of inflammatory cytokines, including interleukin (IL)-1β, IL-6, IL-8, and TNF-α, which are
released by myeloid leucocytes and lymphocytes, most likely
via an upstream mechanism that involves adsorption of
cytokine-producing cells.25,26 GMA (Adacolumn™, Jimro,
Takasaki, Japan) and leukocytapheresis (Cellsorba™, Asahi
Medical Company, Tokyo, Japan) are available in Europe and
Japan for patients with active CD that may or may not be
refractory to standard therapy, including TNF-α blockers.6,27,28
An open-label, multicenter prospective trial investigating the
efficacy of weekly GMA showed that GMA was likely to be
effective for inducing remission and improving quality of
life, based on data showing that of 21 patients with active
CD refractory to conventional therapy including 5-ASA,
prednisolone, metronidazole, and nutrition therapy, and
who received one GMA session per week for 5 consecutive
weeks, six (28.5%) were in clinical remission at week 7 and
five (23.8%) improved significantly.6 However, a randomized,
double-blind, sham-controlled study investigating the efficacy
of GMA demonstrated little effectiveness over a sham procedure for inducing clinical remission or response in patients
with moderate-to-severe CD, based on data showing that
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Azathioprine/6-mercaptopurine
When 5-ASA and corticosteroids fail to control the inflammation associated with CD, immunosuppressive therapy
with purine analogs, ie, AZA/6-MP, is recommended.31
Thiopurines, such as AZA and 6-MP that are considered to
act via active metabolites, and 6-thioguanine nucleotides
(6-TGNs) are incorporated into cellular nucleotides and
inhibit the proliferation of lymphocytes. 32 A systematic
review and meta-analysis demonstrated that AZA/6-MP
appeared be of little benefit in inducing remission in active
CD, based on data showing that 102 (51.7%) of 197 patients
randomized to AZA/6-MP failed to achieve remission
compared with 115 (62.8%) of 183 patients allocated to
placebo,11,33–36 with no statistically significant benefit of
AZA/6-MP over placebo (RR not in remission 0.87; 95% CI
0.71–1.06).37 Further, AZA was not of benefit in preventing
relapse in quiescent CD (RR 0.64; 95% CI 0.34–1.23),37
based on data evaluating 27 (34.6%) of 78 patients receiving
AZA who experienced a relapse of CD compared with 53
(44.1%) of 120 patients allocated to placebo.11,34 However,
there was a statistically significant benefit for continuing
AZA to prevent CD relapse (RR relapse with AZA 0.39;
95% CI 0.21–0.74), based on data evaluating 163 patients in
studies that assessed withdrawal of AZA from patients who
were in remission for a mean 5 or 7.5 years on therapy.38–40 In
addition, a very recent retrospective study investigating the
success of planned thiopurine withdrawal in 129 CD patients
treated for a median duration of 6.0 years with thiopurines
(AZA/6-MP), and had sustained corticosteroid-free clinical
remission for at least 6 months, also demonstrated moderate
to severe relapse in 23% of patients at 12 months and 39%
of patients at 24 months.41 Based on the above, thiopurine
analogs may prevent relapse in quiescent CD.
However, a prospective, double-blind trial of patients with
newly diagnosed CD demonstrated that early AZA therapy
was no more effective than placebo to achieve sustained
corticosteroid-free remission, based on data showing that
after 76 weeks of treatment, 30 (44.1%; 95% CI 32.9–55.9)
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of 68 patients randomized to AZA achieved sustained
corticosteroid-free remission compared with 23 (36.5%;
95% CI 25.7–48.9) of 63 patients allocated to placebo,
with no statistically significant benefit of AZA over placebo
(absolute difference 7.6%; 95% CI -9.2, 24.4; P=0.48).42
This suggests that early use of an immunomodulator for the
treatment of newly diagnosed CD patients was not likely to
be of benefit.
AZA is a prodrug converted mid-stream to 6-TGN, an
active metabolite that acts as a purine analog by inhibiting
DNA synthesis and appears to trigger T-cell apoptosis.43,44 A
recent meta-analysis investigating a more precise estimate
of the association between 6-TGN levels and inflammatory
bowel disease activity demonstrated that higher 6-TGN levels
are associated with clinical remission, based on data showing that mean/median 6-TGN levels were higher in patients
in remission than in those with active inflammatory bowel
disease (pooled difference, 66 pmol/8×108 red blood cells;
95% CI 18–113; P=0.006), but with significant heterogeneity.45 This suggests the utility of checking 6-TGN levels
in patients who have not responded to therapy in order to
optimize their dose.
This systematic review also found no evidence of
increased adverse events in patients taking purine analogs
when compared with placebo.37 However, there was a trial
reporting one patient dying of an infection associated with
an immune-compromised state when taking AZA.39 This
harmful event is associated with myelotoxicity in susceptible individuals, particularly those with low thiopurine
methyltransferase activity.46 These drugs are also associated
with a four- to sixfold increased risk of lymphoma47,48 and
a two- to sixfold increase in non-melanoma skin cancer.49,50
Immunosuppressive therapy with AZA/6-MP is never
without risk.

Biologic therapy
Inflammatory bowel disease is characterized by the extravasation of numerous inflammatory cells, including neutrophils
and lymphocytes. Adhesion molecules, such as vascular cell
adhesion molecule-1 and mucosal addressin cell adhesion
molecule-1, and a component of their receptors, the integrin
α4-subunit, mediate a series of immune responses and gut
inflammation.51,52 TNF-α is a proinflammatory cytokine that
activates inflammatory cells, upregulates adhesion molecules,
and ultimately induces gut inflammation. TNF-α and integrin
α4 act as key mediators of inflammation in inflammatory
bowel disease.
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TNF-α blockade
Pharmacologic management of CD targeting TNF-α currently consists of IFX and ADA, which are monoclonal
antibodies against TNF-α, and certolizumab, which consists
of antigen-binding fragments of antibodies attached to polyethylene glycol. A systematic review and meta-analysis of
the efficacy of anti-TNF-α antibodies in CD demonstrated
that they are superior to placebo in inducing remission of
luminal CD (RR of failure to achieve remission 0.87; 95% CI
0.80–0.94),53 based on data showing that remission of CD was
not achieved in 1,142 (71.5%) of 1,598 patients randomized
to receive anti-TNF-α antibodies for 4–12 weeks, compared
with 935 (80.7%) of 1,158 patients allocated to placebo.3,8,54–59
In addition, anti-TNF-α antibodies were superior to placebo
in preventing relapse of luminal CD (RR of relapse 0.71; 95%
CI 0.65–0.76)53 since 472 (55.9%) of 844 patients assigned
to anti-TNF-α antibodies experienced disease relapse at
26–56 weeks, compared with 428 (78.4%) of 546 patients
randomized to placebo.2,4,5,60,61
Despite the efficacy of anti-TNF-α antibodies in inducing
and maintaining remission, up to 46% of patients have been
reported to experience loss of response to IFX and require
dose escalation within 12 months of commencing therapy.62,63
Either shortening the interval or increasing the dose are often
attempted to regain a response in these patients. A clinical
trial assessing which of these strategies was optimal showed
that dose-doubling is probably superior to halving the dosing interval, based on data demonstrating an early response
to dose-escalation in 77% of patients in the dose-doubling
group compared with 66% of patients in the interval-halving
group (odds ratio 1.7; 95% CI 0.8–3.4). Moreover, a sustained clinical response at 12 months post-escalation was
maintained in 50% of patients in the dose-doubling group
compared with 39% in the interval-halving group (odds ratio
1.5; 95% CI 0.8–2.9).64

Natalizumab
A systematic review and meta-analysis of the efficacy
of natalizumab targeting integrin α4 demonstrated that
natalizumab is superior to placebo in inducing remission of
luminal CD (RR of failure to achieve remission 0.88; 95%
CI 0.83–0.94),53 based on data showing that failure to achieve
remission occurred in 810 (65.4%) of 1,238 patients receiving
natalizumab at 2–12 weeks compared with 412 (77.3%) of
533 patients allocated to placebo.65–69 However, use of natalizumab in CD patients has been limited by the development in
some patients of progressive multifocal leukoencephalopathy
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from an opportunistic brain infection caused by reactivation
of latent John Cunningham polyomavirus.70

are prescribed in a “step-up” fashion as first-line treatment
for patients with CD.71 Top-down therapy may be a better
approach for many patients. However, 2%–5% of patients
exposed to AZA/6-MP experience bone marrow suppression, and even in the absence of leukopenia, there is a risk
of serious infection.72
In addition, a recent meta-analysis showed a fourfold
increased risk of lymphoma in patients with inflammatory
bowel disease treated using AZA/6-MP.73 Adverse events
associated with the TNF-α inhibitors also include infectious
complications, malignancy, demyelinating disorders, and
autoimmunity.74
Therefore, the main concern with the top-down approach
is the toxicities of the immunomodulators and TNF-α blockade in patients associated with infectious complications and
an increased risk of lymphoma. It is unlikely that top-down
therapy will be best for all patients given the underlying heterogeneity of the manifestations and severity of CD. Based
on this concern, the concept of the “accelerated step-up”
approach, which attempts to balance the risks and benefits
of the currently available therapies with the risks of diseaserelated complications, has recently emerged; the proposal is
that in patients with newly diagnosed moderate-to-severe
CD, AZA is continued with tapered corticosteroids for the
maintenance of remission induced by corticosteroids in
combination with AZA.34
The more potent medications, such as TNF-α inhibitors,
are started on an on-demand basis if patients fail to respond
and the disease flares.75 Thus, this “accelerated step-up”
approach preserves the tactic of matching disease severity
with treatment potency.
Interestingly, a double-blind, placebo-controlled trial
investigating the advantage of combination maintenance
therapy with methotrexate and IFX over IFX alone demonstrated that the combination therapy was no more effective
than IFX alone in 126 patients with CD who had initiated
prednisolone induction therapy within the preceding 6 weeks,
based on data showing that by week 50, the actuarial rate
of treatment failure was 30.6% in the combination therapy
group compared with 29.8% in the IFX alone group (hazard
ratio 1.16; 95% CI 0.62–2.17; P=0.63).76
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Combination therapy with IFX plus AZA
A clinical trial comparing the efficacy of IFX, AZA, and both
agents combined for inducing and maintaining corticosteroidfree clinical remission in patients with active CD showed
that the combination of IFX and AZA or IFX monotherapy
were more likely to induce clinical remission than AZA
monotherapy. Of 169 patients receiving combination therapy,
96 (56.8%) were in corticosteroid-free remission at week 26,
compared with 75 (44.4%) of 169 patients receiving IFX
alone (P=0.02) and 51 (30.3%) of 170 patients receiving
AZA alone (P,0.001 for the comparison with combination
therapy and P=0.006 for the comparison with IFX). In addition, at week 26, mucosal healing had occurred in 47 (43.9%)
of 107 patients receiving combination therapy, compared
with 28 (30.1%) of 93 patients receiving IFX (P=0.06) and
18 (16.5%) of 109 patients receiving AZA (P,0.001 for
the comparison with combination therapy and P=0.02 for the
comparison with IFX).8 In addition, an open randomized trial
comparing the efficacy of early use of combined immunosuppression with conventional management in patients with
active CD who had not previously received glucocorticoids,
antimetabolites, or IFX demonstrated that early combined
immunosuppression was more effective than conventional
treatment for induction of remission and reduction of corticosteroid use in patients with newly diagnosed CD, based
on data showing that at week 26, 39 (60.0%) of 65 patients
assigned to combined immunosuppression of IFX (three
infusions at weeks 0, 2, 6) with AZA were in corticosteroidfree and surgical resection-free remission, compared with
23 (35.9%) of 64 patients assigned to conventional management who received corticosteroids, followed, in sequence,
by AZA and IFX, for an absolute difference of 24.1% (95%
CI 7.3–40.8; P=0.0062). There were some adverse events in
the combined immunosuppression group, such as a bowel
resection and reversible loss of sensation from demyelination
in the conus medullaris. However, there were no significant
differences in occurrence of adverse events between the
two groups.
Based on this evidence, anti-TNF-α antibodies such
as IFX and ADA are more commonly used for active CD
inflammation and are currently recommended in a “topdown” therapeutic fashion as first-line treatment, which is
the opposite of the traditional pyramid of pharmacologic
management, including 5-ASA and corticosteroids, which
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Combination therapy with ADA plus
intensive GMA
GMA depletes elevated/activated myeloid lineage leucocytes
as sources of inflammatory cytokines and has been used to
treat patients with CD. In the clinical setting, as a nondrug
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intervention, weekly GMA when added to scheduled IFX
maintenance therapy was effective in a CD patient with
active disease while under IFX therapy.77 This was followed
by a similar report indicating that the addition of intermittent
weekly GMA to scheduled IFX maintenance was effective in
a CD case also refractory to IFX alone.78 Moreover, a report
investigated the efficacy of intensive GMA (two sessions
per week) in combination with ADA as remission induction therapy in five consecutive cases with refractoriness to
medications, including anti-TNF-α therapies such as IFX and
ADA. At week 10 post-ADA treatments, clinical remission
together with normal C-reactive protein levels were achieved
in all five cases, while endoscopic findings, based on the
simple endoscopic score for CD, reflected marked improvement in three cases and partial improvement in two cases that
had extensive deep longitudinal CD lesions (Figure 1 and
Table 1). The CDAI and C-reactive protein values at baseline
were 324±118 and 4.9±3.3 mg/dL, respectively; the corresponding values after treatment were 100±28 (P=0.024) and
0.2±0.2 mg/dL (P=0.038, Figure 2). All five cases responded
well to combination therapy of intensive GMA plus ADA,
achieving clinical remission, normal serum C-reactive protein
levels, and marked healing of their CD lesions. No adverse
events were observed in that study.7
In clinical settings, ADA is expected to induce sustained
clinical remission in patients with moderate to severe active
luminal CD. However, the rates of clinical remission for
biologic therapy-naïve patients has not been impressive, and
have been at best about 36% and 50% at 4 and 10 weeks,
respectively.3,5 Likewise, its efficacy for patients with loss
of response or intolerance to IFX was 21% at 4 weeks.57
Therefore, the efficacy outcomes for ADA monotherapy in
A

patients with active CD have been limited. This suggests
that in order to achieve sustained clinical remission in the
majority of CD patients, biologic-naïve patients, or those
with the loss of response to TNF-α antagonists, new treatment strategies are desirable.
Based on the above, combination therapy with ADA
plus intensive GMA is useful to induce clinical remission in
patients with active CD. However, a randomized, prospective
study is needed to fully evaluate the efficacy of combination
therapy with ADA plus intensive GMA.

Vedolizumab
The GEMINI 2 clinical trial79 investigating the efficacy of
vedolizumab, a humanized immunoglobulin G1 monoclonal
antibody to integrin α4β7, demonstrated that patients with
active CD treated using vedolizumab were more likely than
patients receiving placebo to have a remission at week 6
and that patients with a response to induction therapy who
continued to receive vedolizumab were more likely to be in
remission at week 52, based on data showing that 14.5% of
the 220 patients receiving vedolizumab of the 368 patients
who were randomly assigned to receive vedolizumab or placebo, of whom approximately 50% had previously received
TNF antagonist therapy, were in clinical remission at week 6,
compared with 6.8% of the 148 receiving placebo, with a significant benefit of vedlolizumab over placebo. A subsequent
randomized trial of maintenance therapy with vedolizumab
every 8 or 4 weeks, or placebo, in a total of 461 patients (96
patients were randomly assigned to receive vedolizumab and
had clinical remission at week 6, plus 365 patients received
open-label vedolizumab and had clinical remission at week
6) demonstrated that 39.0% and 36.4% of those assigned
B

Figure 1 Endoscopic findings at baseline (A) and at week 10 (B).
Notes: (A) Black arrowheads indicate the active ulcer. (B) White arrowheads indicate the ulcer scar. Copyright © 2012. The Japanese Society of Internal Medicine. Figure
adapted from Ozeki K, Tanida S, Mizushima T, et al. Combination therapy with adalimumab plus intensive granulocyte and monocyte adsorptive apheresis induced clinical
remission in a Crohn’s disease patient with the loss of response to scheduled adalimumab maintenance therapy: a case report. Internal Medicine. 2012;51(6):595–599.9
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Table 1 Endoscopic assessment outcomes based on SES-CD in
all five cases

who received placebo (24.4% versus 15.3%, respectively),
with five deaths from sepsis and myocarditis. No cases of
progressive multifocal leukoencephalopathy were observed
during this trial. The death rate in this study was similar to
the crude death rates associated with use of other biologic
medications.2,5,56,68
Based on this evidence, vedolizumab therapy is an effective treatment for patients with active CD, but may not be
more effective than placebo in inducing clinical remission
among CD patients who have experienced previous TNF-α
antagonist failure.

Case number

Baseline

10 weeks post five ADA injections

1
2
3
4
5

13
5
13
14
23

0
2
4
10
14

Note: Copyright © 2012 by S. Karger AG, Basel. Adapted from Ozeki K, Tanida S,
Mizoshita T, et al. Combination therapy with intensive granulocyte and monocyte
adsorptive apheresis plus adalimumab: therapeutic outcomes in 5 cases with
refractory Crohn’s disease. Case Rep Gastroenterol. 2012;6(3):765–771.7
Abbreviation: ADA, adalimumab; CD, Crohn’s disease; SES-CD, simple endoscopic
score for CD.

to vedolizumab every 8 or 4 weeks, respectively, were in
clinical remission at week 52, compared with 21.6% allocated
to placebo; the difference was statistically significant. In
addition, a placebo-controlled, double-blind, Phase III trial
evaluating the efficacy and safety of vedolizumab as induction therapy in 315 patients with refractory CD, in whom
previous therapy with TNF antagonists had failed, demonstrated that vedolizumab was no more effective than placebo
in inducing clinical remission at week 6 in CD patients who
had experienced previous TNF-α antagonist failure, based on
data showing that 15.2% of those receiving vedolizumab and
12.1% of those receiving placebo were in remission at week
6 (RR 1.2; 95% CI 0.7–2.2; P=0.433).80 Regarding safety
concerns, the incidence of serious adverse events was higher
among patients who received vedolizumab than among those
A

Treatments available
in the near future
Ustekinumab, a human immunoglobulin G1 monoclonal
antibody, blocks the biologic activity of IL-12 and IL-23
through their common p40 subunit by inhibiting receptors
for these two cytokines on T-cells, natural killer cells, and
antigen-presenting cells.81 A Phase IIa study82 including a
double-blind trial demonstrated that ustekinumab had efficacy in 104 patients with moderate-to-severe CD, particularly
in those who had previously received IFX. Fifty-three percent
of 51 patients in the combined ustekinumab group had a
clinical response at weeks 4 and 6, compared with 30% of 53
patients in the combined placebo group (P=0.02), and 49% in
the combined ustekinumab group at week 8 compared with
40% in the combined placebo group (P=0.34). In 49 patients
B
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Figure 2 The overall changes in the CDAI scores (A) and CRP levels (B) from baseline to 10 weeks after five ADA injections for all five cases in this study.
Note: (A) *P=0.024 vs baseline; N=5. (B) **P=0.038 vs baseline; N=5. The comparisons were made by using the Student’s t-test. Copyright © 2012 by S. Karger AG, Basel.
Adapted from Ozeki K, Tanida S, Mizoshita T, et al. Combination therapy with intensive granulocyte and monocyte adsorptive apheresis plus adalimumab: therapeutic
outcomes in 5 cases with refractory Crohn’s disease. Case Rep Gastroenterol. 2012;6(3):765–771.7
Abbreviations: ADA, adalimumab; CRP, C-reactive protein; CDAI, Crohn’s disease activity index.
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treated previously with IFX, the rates of clinical response to
ustekinumab were greater than those for placebo (P,0.05)
at every visit through week 8. There was no increase in the
number of adverse events or serious adverse events in patients
receiving ustekinumab through week 8 when compared with
placebo.
In addition, a randomized, double-blind, placebocontrolled Phase IIb trial83 investigating the efficacy of
ustekinumab in patients with moderate-to-severe CD
resistant to anti-TNF treatment, demonstrated that patients
had an increased rate of response to induction with ustekinumab, compared with placebo, and that patients with an
initial response to ustekinumab had significantly increased
rates of response and remission on ustekinumab as maintenance therapy, based on data showing that in 526 patients
who were randomly assigned to receive 1, 3, or 6 mg/kg
of ustekinumab or placebo, the proportion of patients in
clinical response at week 6 in the induction phase was
significantly greater among patients receiving 6 mg/kg of
ustekinumab than among those receiving placebo (39.7%
versus 23.5%, 95% CI 5.1–27.3; P=0.005), and that the
proportion of patients in clinical remission at week 22 was
significantly greater in the ustekinumab group than in the
placebo group (69.4% versus 42.5%, 95% CI 11.5–42.5;
P,0.001). Moreover, among patients with a response to
ustekinumab in the induction phase, 41.7% of those receiving 90 mg of ustekinumab in the maintenance phase were
in clinical remission at week 22, compared with 27.4%
of patients receiving placebo (95% CI 2.0–27.1; P=0.03).
Serious infections occurred in seven patients (six receiving ustekinumab) during induction and eleven patients
(four receiving ustekinumab) during maintenance. Basal
cell carcinoma was observed in one patient receiving
ustekinumab.
Based on this evidence, biologic therapy with ustekinumab is an effective treatment for patients with refractory
CD that is resistant to TNF-α antagonists.

Conclusion and perspective
Combination therapy of ADA plus intensive GMA, or IFX
plus AZA, is considered to be useful for the treatment of
patients with refractory CD due to the high rate of induction
of remission. These therapeutic strategies are not always
satisfactory and are limited. To address this limitation, many
biological agents, such as monoclonal antibodies and small
molecules that target the surplus or excessive activity of
the immune system, are currently being developed. Much
progress has been made in understanding the pathogenesis
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of CD, and as a result many potentially useful treatments will
emerge and be available in the future.
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