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Abstract: The advent of anti-tumor necrosis factor (TNF) therapies revolutionized the treatment
of inflammatory bowel disease. Adalimumab is a subcutaneous anti-TNF agent indicated for use
in patients with moderate-to-severe Crohn’s disease and those with moderate-to-severe ulcerative
colitis. In both diseases, it can be used for both induction of remission and for maintenance
of remission. This review focuses on its use in Crohn’s disease as described in the EXTEND
(Extend the Safety and Efficacy of Adalimumab through Endoscopic Healing) trial. Several
clinical trials using traditional instruments to measure clinical response have had endoscopic
substudies looking for endoscopic healing. The EXTEND trial is the first to use mucosal heal-
ing on endoscopy as a primary endpoint for patients with moderate-to-severe Crohn’s disease
and baseline ulcerative disease treated with continuous adalimumab. In this well designed trial,
the primary endpoint was narrowly missed, but the secondary endpoints further the notion that
mucosal healing should be a more mainstream measure of drug efficacy. How this will trans-
late from clinical trials to the clinic is not yet clear, but identifying noninvasive markers for
mucosal healing, and understanding the implications of mucosal healing for safety, resource
utilization, and quality of life are all worthy targets for further study. The aim of this review is
to understand the role of mucosal healing, safety profile, and efficacy in patients treated with
anti-TNF therapy, with particular attention to adalimumab and the EXTEND trial.
Keywords: Crohn’s disease, tumor necrosis factor, adalimumab, clinical trials, inflammatory
bowel disease

Introduction

Crohn’s disease is a chronic, immune-mediated gastrointestinal disorder that can
involve any portion of the gastrointestinal tract from the mouth to the anus, but
primarily involves the terminal ileum and the colon. The natural history of Crohn’s
disease is characterized by recurring episodes of inflammation and ulcerations in the
gastrointestinal tract, leading to complications that necessitate hospitalization, surgery,
and adjustment in medical therapies.'? Clinical response and remission have primarily
been measured by standardized indices such as the Crohn’s Disease Activity Index
(CDALI) as targets.® Such indices are rightfully criticized for many shortcomings, but
clinical experience and landmark cooperative studies showed a disconnect between
clinical response and radiologic improvement.* This spawned some learned helpless-
ness regarding tangible mucosal changes as clinical endpoints. This was countered by
a European collaboration to develop a valid instrument for scoring endoscopic findings
in Crohn’s disease, called the Crohn’s Disease Endoscopic Index of Severity (CDEIS).?
Patient acceptance and the costs associated with using endoscopic tests in clinical trials

submit your manuscript
Dove

http:

Clinical and Experimental Gastroenterology 2013:6 153—160 153
© 2013 Asgharpour et al. This work is published by Dove Medical Press Ltd, and licensed under Creative Commons Attribution — Non Commercial (unported, v3.0)

Al License. The full terms of the License are available at http://creati fl /by-nc/3.0/. Non- ial uses of the work are permitted without any further
permission from Dove Medical Press Ltd, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Ltd. Information on how to
request permission may be found at: http://www.dovepress.com/permissions.php



http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/CEG.S35163
mailto:sbickston@mcvh-vcu.edu

Asgharpour et al

Dove

have been an obstacle to using the CDEIS in large Phase III
studies, but several modern trials have had smaller and nested
substudies using endoscopic scoring.®” There is a growing
body of evidence suggesting that patients with active mucosal
inflammation who achieve mucosal healing have prolonged
clinical remission, longer time to relapse, and a reduction in
the need for hospital admissions and surgeries.®'*'? These
data suggest that clinical trials should pay more attention to
mucosal healing and a reduction in the need for hospitaliza-
tions and surgery as endpoints.'3-13

With the advent of anti-tumor necrosis factor (TNF)o
compounds, there have been new options for treatment of
patients with Crohn’s disease who are refractory or intoler-
ant to conventional therapies (aminosalicylates, antibiotics,
corticosteroids, and immunomodulatory agents), and with fis-
tulizing disease.'®!” Infliximab (Remicade®, Janssen Biotech
Inc, Malvern, PA, USA) is the most studied drug in this class
and is an intravenously administered recombinant chimeric
monoclonal IgG antibody. Adalimumab (Humira®, Abbott
Laboratories, Abbott Park, IL, USA) is a subcutaneously
administered fully human IgG monoclonal antibody and
carries the advantages of self-administration and potentially
decreased immunogenicity.'® Certolizumab pegol (Cimzia®,
UCB, Atlanta, GA, USA) is a subcutaneously administered
PEGylated anti-TNFo humanized antigen-binding fragment
(Fab”) of a monoclonal antibody that has been conjugated to
polyethylene glycol."

The EXTEND (Extend the Safety and Efficacy of
Adalimumab through Endoscopic Healing) trial was the
first trial with adalimumab to use mucosal healing as its
primary endpoint. EXTEND was a randomized, double-
blind, placebo-controlled, maintenance/withdrawal trial of
adalimumab. Participants had moderate-to-severe ileoco-
lonic Crohn’s disease with evidence of mucosal ulceration
at baseline endoscopy. They received open-label induction
therapy with adalimumab.?® This paper reviews the impact of
the EXTEND trial by Rutgeerts et al on long-term treatment
of Crohn’s disease patients with adalimumab.?

Mechanism of action

Tumor necrosis factor is a cytokine that mediates many
biologic processes, one of which is that it initiates and per-
petuates a defense response to local injury.?! TNF plays an
important role in the regulation of a cascade of pathogenic
events marked by a rapid induction of cytokines and acute-
phase proteins such as interleukin-6 and C-reactive protein.*
It has been demonstrated that patients with Crohn’s disease

have higher concentrations of TNF in their intestinal mucosa
compared with healthy controls.?® The chronic inflammation
associated with Crohn’s disease is related to a sustained
immune response. It has yet to be determined whether this
is an appropriate response to an unknown pathogen or an
inappropriate response to normal gut contents. The evidence
suggests that there is a lack of apoptosis in the inflamed
tissue of patients with Crohn’s disease.?* Anti-TNF agents
used in patients with Crohn’s disease have been shown to
increase the apoptosis level of T cells in the lamina propria
and blood monocytes.?

Following anti-TNF therapy, reductions of the chemokines
known as macrophage chemoattractant protein-1, mac-
rophage inflammatory protein-1 alpha, and RANTES
(regulated on activation, normal T-cell expressed and
secreted) are detected by immunohistochemistry in the gut
mucosa.”® These TNF-regulated chemokines are theorized
to play a critical role in recruiting macrophages and T cells
to form granulomas, a hallmark of inflammation in Crohn’s
disease.?? Thus, anti-TNF agents play a role in immune
suppression by affecting the downstream effects of TNF on
cytokines, chemokines, acute phase reactants, apoptosis,
and inflammation.

Treatment candidates

Patients chosen for the EXTEND trial carried a diagnosis
of ileocolonic Crohn’s disease for at least 4 months and had
moderate-to-severe ileocolonic Crohn’s disease with a CDAI
score of 220—450 points. Subjects that had documented
mucosal ulceration on ileocolonoscopy during study screen-
ing were selected for inclusion.

Patients could receive concomitant therapy with
azathioprine, 6-mercaptopurine, and methotrexate if they
had been receiving these medications for at least 12 weeks
and at a stable dose for at least 4 weeks prior to baseline
assessment. Concomitant therapy with Crohn’s disease-
related antibiotics and aminosalicylates was also allowed
if given at stable doses at least 4 weeks prior to baseline.
Patients who had received anti-TNF agents in the past were
permitted to continue unless they received adalimumab
in the past or had been deemed a primary nonresponder.
Steroid treatment with prednisone and budesonide was
allowed if given at stable doses for at least 2 weeks prior
to baseline.

Patients who had received anti-TNF agents within 8 weeks
of baseline assessment were excluded from the EXTEND
trial. Patients who had previously received adalimumab or
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natalizumab, a monoclonal antibody to alpha-4 integrin,
were excluded.

Study design

All eligible patients in the EXTEND trial received open-label
induction therapy with adalimumab 160 mg at week 0 and
80 mg at week 2. The patients were then assessed at week
4 with the CDAI and randomized to receive maintenance
adalimumab at a dose of 40 mg every other week or placebo.
Clinical response was defined by a decrease in CDAI of at
least 70 points from baseline (CR-70). Patients who did
not achieve CR-70 or had flares on two consecutive visits
2 weeks apart at or after 8 weeks into the study could receive
open-label maintenance adalimumab 40 mg every other week
for the duration of the study. If patients continued to have
flares or nonresponse, they could have dose escalation of
adalimumab to 40 mg weekly. Investigators were allowed
to discontinue treatment with adalimumab if the patient con-
tinued to experience nonresponse at an escalated dose. All
patients received endoscopy at baseline, week 12, week 52,
and at the time of switch to open-label adalimumab if this
was done.”” The EXTEND trial enlisted 135 eligible patients
to participate in the study, of whom 129 were randomized at
week 4 to placebo or adalimumab.

Endpoints
The primary endpoint of the EXTEND study was mucosal
healing, lack of mucosal ulceration at week 12 on
ileocolonoscopy. Other endpoints included mucosal healing
at week 52 on endoscopy, CDEIS remission at weeks 12
and 52, CDAI remission defined as a decrease of at least
100 points from baseline (CD-100), and CR-70 at weeks 12
and 52.%°

The CDAI has been used in numerous trials in the treat-
ment of Crohn’s disease and is based on some objective
clinical components, such as weight loss and anemia, but the
score is mainly comprised of subjective clinical information
obtained from patients regarding stool frequency, degree of
abdominal pain, and overall sense of well-being. While reduc-
tions in the scores are often used as a means of determining
clinical response, it does not provide information on mucosal
inflammation and, due to its subjective nature, has been cited
as a culprit for high placebo responses in clinical trials.?6%’
The subjectivity of the CDAI can produce a disconnect
between the clinical and endoscopic findings. The advantage
of this scoring system is the noninvasive nature of determin-
ing disease activity. Scores of 150 and less are associated with

quiescent disease and scores greater than 450 are associated
with extremely severe disease.?® Most clinical trials have used
a reduction of the CDAI by at least 70 points from baseline
as an endpoint.®?® A delta of 100 points has been suggested
as more robust.”

Currently, there is no standard validated definition for
mucosal healing in the literature on inflammatory bowel
disease, making comparison between studies difficult,
but scoring systems using gross endoscopic findings have
been implemented as a means of comparing patients.?%3!
The CDEIS is the gold standard for mucosal healing in
Crohn’s disease and its advantages are that it is validated and
reproducible.* The CDEIS uses variables such as superficial
and deep ulceration, ulcerated and nonulcerated stenosis,
and surface area of ulcerated and diseased segments to
obtain an index score. The CDEIS does require training to
use accurately and can prove cumbersome if used in clinical
trials. There are other simplified scoring systems for mucosal
healing, such as the Simple Endoscopic Score for Crohn’s
Disease, which is a simplified version of the CDEIS,* the
Mayo Endoscopic score,?’** and the Rutgeerts score,* all of
which are useful tools for determining the degree of endo-
scopic healing and to compare levels of healing between dif-
ferent groups of patients. While these other scoring systems
are useful and easier to obtain, the CDEIS remains a higher
standard for determining the severity of mucosal disease in
patients with Crohn’s disease. These scoring systems all have
limitations and there exist variations in operator interpreta-
tion of lesions with overestimations of subtle lesions that are
large and underestimations of short lesions.

Another issue that arises when discussing mucosal heal-
ing is the role of histologic/microscopic healing obtained
from biopsies.>*> Absence of any microscopic inflammation
has been touted as the ultimate goal in treating patients with
Crohn’s disease. Just as there is no universally embraced
definition of mucosal healing, there is also no absolute
standard for histologic healing. It has been demonstrated
that patients may have achieved gross endoscopic healing
on ileocolonoscopy that is not paralleled in histology.
Furthermore, while a standardized histologic scoring system
exists for both ulcerative colitis and Crohn’s disease,’” there
is variation in reported scoring secondary to the interpreta-
tion of pathologists. The surgical literature suggests that the
presence of microscopic disease at resection margins does not
change clinical outcomes, making the case for conservative
resections to eliminate only gross disease.*® While histologic
regression of disease is important, using it as an endpoint
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makes clinical trials more costly and cumbersome, and this
has been discouraged.*

Safety

The most worrisome safety concern that arises for patients
receiving adalimumab is the potential risk of serious
infections, including tuberculosis and malignancy, because
these complications have been reported with other TNF
antagonists.**#! Patients should be screened for tuberculosis
infections with a negative purified protein derivative test and
chest radiography because reactivation of tuberculosis has
been reported.* The increased risk of infection stems from
a common desired mechanism of treatment, ie, suppression
of the immune system.?? Other reported complications with
this class of drug include congestive heart failure, lupus-like
syndrome, and demyelinating disorders.*>**

In the EXTEND trial, there were no reported deaths,
cases of malignancy, congestive heart failure, demyelinating
disorder, allergic reaction, lupus-like syndrome, or infections
with tuberculosis.? Infections were reported in both placebo
(34%) and maintenance adalimumab groups (55%), with
a statistically significant increase in the number of infec-
tions in the adalimumab maintenance group compared with
placebo. When these incidences were normalized for patient-
years of exposure, there was no statistically significant
difference between these groups.? Serious infections seen
in the EXTEND trial were abscesses, herpes zoster, and
tonsillitis.

The safety profile in the EXTEND trial is similar to that
seen in patients receiving TNF antagonists in other studies.
A large-scale meta-analysis looking at the long-term safety
profile of adalimumab across different diseases includ-
ing rheumatoid arthritis, ankylosing spondylitis, psoriatic
arthritis, and Crohn’s disease in more than 23,000 patients
over 12 years showed serious infection as the most com-
mon serious adverse event, with no new safety concerns
revealed.* Another meta-analysis including 13 randomized
controlled trials with over 4,000 patients looking at serious
adverse events of anti-TNF-o treatment in patients with
Crohn’s disease showed that TNF antagonists, especially
adalimumab, could actually decrease the incidence of seri-
ous adverse events without an increased risk of malignancy
or serious infections.*

Efficacy

Several studies prior to the EXTEND trial, using clini-
cal response and remission as endpoints, have established
the efficacy of adalimumab. The CLASSIC-I (Clinical

Assessment of Adalimumab Safety and Efficacy Studied
as Induction Therapy in Crohn’s Disease) trial, reported by
Hanauer et al, demonstrated that adalimumab was more effec-
tive than placebo for induction of remission in patients with
moderate-to-severe Crohn’s disease naive to anti-TNF therapy
at an optimal dose of 160 mg at week 0 followed by 80 mg at
week 2. The CLASSIC-I trial used a CDAI of less than 150 as
a definition of remission.*’ The GAIN (Gauging Adalimumab
effectiveness in Infliximab Nonresponders) trial showed that
patients who were nonresponders to infliximab could achieve
clinical remission, defined as a decrease in CDALI of at least
70 points, when treated with adalimumab compared with
placebo.*® Colombel et al demonstrated that patients receiving
a maintenance dose of adalimumab 40 mg every other week
or weekly for up to one year achieved significantly greater
remission rates than placebo at weeks 26 and 52. This trial,
called CHARM (Crohn’s Trial of the Fully Human Antibody
Adalimumab for Remission Maintenance), used a decrease
in the CDALI of at least 70 points as a definition of clinical
remission.* An extension of the CLASSIC-I trial, CLASSIC-
11, was able to demonstrate maintenance of clinical remission,
defined as a CDAI of less than 150 at week 56, in patients
who received adalimumab 40 mg weekly or every other week
compared with controls.*

In regards to clinical remission, the EXTEND trial
showed no statistically significant difference in CD-100 or
CR-70 at week 12 between the induction only/placebo group
versus the continuous adalimumab group; however, there was
a statistically significant difference in CDAI remission rates
in favor of continuous adalimumab compared with induction
only/placebo at week 12. In contrast, at week 52, there was
a significant difference (P = 0.004) in CD-100 between the
continuous adalimumab group (36%) and the induction only/
placebo group (14%). The CD-70 showed a similar difference
at week 52, with 14% of patients achieving CD-70 in the
induction only/placebo group and 41% in the continuous
adalimumab group.?

The most interesting results in the EXTEND trial are
those related to mucosal healing. At week 12, mucosal
healing was achieved in 27% of patients receiving continuous
adalimumab compared with 13% for the induction-only/
placebo group (P = 0.056). When patients who had major
protocol deviations were removed from these groups, there
were significantly greater rates of mucosal healing in the
continuous adalimumab group at week 12 (P=0.046). There
was a statistically significant difference in CDEIS remis-
sion, defined as a CDEIS score of =4, favoring continuous
adalimumab therapy over induction only/placebo at 12 weeks.
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There was no statistically significant difference in CDEIS
responders, defined as a reduction in CDEIS of >75% from
baseline, between the two groups at week 12.%°

The efficacy of maintenance adalimumab was demon-
strated at week 52, with 24% of patients receiving continu-
ous adalimumab achieving mucosal healing and no patients
with mucosal healing in the induction only/placebo group
at week 52 (P < 0.001).%° There was also a statistically sig-
nificant difference favoring continuous adalimumab therapy
over induction only/placebo in regards to CDEIS remission
rates and CDEIS 75% responders.?

Subgroup analysis revealed that patients with a CDEIS
of =9 at baseline achieved significantly higher levels of
mucosal healing on continuous adalimumab compared with
induction only/placebo at week 12. There was no difference
in mucosal healing at week 12 in either group if the CDEIS
was >9. At week 52, there was a significantly higher level
of mucosal healing in the continuous adalimumab group
compared with mucosal healing in the induction only/placebo
group, regardless of CDEIS score.?

There were significantly more patients in the EXTEND
trial who were receiving baseline corticosteroid therapy
in the induction only/placebo arm as compared with the
adalimumab maintenance group. Mucosal healing in the
induction only/placebo group at 12 weeks was similar in
patients with and without corticosteroid treatment at baseline.
Patients receiving continuous adalimumab had similar rates
of mucosal healing whether they had or had not received
corticosteroid treatment at baseline.?® Corticosteroids did not
seem to be a significant factor in achieving mucosal healing
at week 12 in the EXTEND trial, and a lack of a mucosal
healing effect with corticosteroids has been demonstrated
in other studies.*!

Further subgroup analysis in the EXTEND trial revealed
that patients with C-reactive protein levels =1 mg/dL at
baseline had significantly greater levels of mucosal healing
in the continuous adalimumab group compared with the
induction only/placebo group at week 12, and no difference
in mucosal healing if C-reactive protein levels were <1 mg/
dL.? In patients not receiving concomitant immuosuppres-
sives, significantly greater mucosal healing at week 12 was
seen in patients receiving continuous adalimumab than in
those in the induction only/placebo treatment arm.*

Pharmacoeconomics

While TNF blockers have shown significant benefit for
patients with moderate-to-severe Crohn’s disease, they are
a more expensive class of drugs compared with traditional

therapies. Within the class of drugs (infliximab, adalimumab,
and certolizumab pegol) there exist intrinsic differences. One
of the major advantages of adalimumab and certolizumab
over infliximab is the route of administration. Subcutaneous
administration is more convenient for patients, decreases
hours missed from work to receive infusions, and decreases
the need for skilled professionals to administer therapy.
A recent study revealed that for patients with moderate-to-
severe Crohn’s disease, the 12-month cost per responder was
similar for adalimumab and infliximab.’> While 12-month
continuous treatment costs with TNF inhibitors are high,
other studies have shown the cost benefit of sustained remis-
sion.>*>* In addition, it has been demonstrated, in a meta-
analysis study, that adalimumab provides improvement in
work productivity in patients with Crohn’s disease.>

Conclusion

Mucosal healing on endoscopy is useful in determining
response and guiding management in patients being treated
for Crohn’s disease. While several treatments provide clinical
response and remission in Crohn’s disease, some (sulfasala-
zine, prednisone) have fallen short in achieving mucosal
healing. The only classes of drugs that have demonstrated
mucosal healing in patients with Crohn’s disease are purine
analogs and anti-TNF agents.’¢ Mucosal healing is clinically
relevant in that patients with active mucosal inflammation
who achieve such healing have prolonged clinical remission,
longer time to relapse, and a reduction in the need for hospital
admissions and surgery.’'?

In clinical practice, all patients being treated for Crohn’s
disease should not necessarily receive endoscopy to deter-
mine mucosal healing because frequent endoscopy is costly,
uncomfortable for patients, and carries inherent risks,
such as perforation, bleeding, and infection, as well as the
cardiopulmonary risks involved with sedation. Clinically,
endoscopy should be used as any other test, ie, the informa-
tion obtained should guide management. If a patient has
clinically improved on therapy, and there is no clinical basis
for altering treatment, endoscopy is of little use. It has been
proposed, for clinical practice, that endoscopy to assess for
mucosal healing be limited to patients on maximal therapy
with continued symptoms and in patients where discontinu-
ation of therapy is being considered.*

Rutgeerts et al should be applauded for their work in the
EXTEND trial. This is the first study designed a priori to use
mucosal healing as a primary endpoint in assessing patients
with Crohn’s disease treated with dalimumab. The patients
allowed into this trial with moderate-to-severe ileocolonic
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Crohn’s disease were from a more clinically relevant pool, in
that they already had failure with prior therapies, than other
trials. Patients were allowed to participate if they had failed
prior anti-TNF therapy and/or immunomodulators, and were
allowed to remain on corticosteroids if they were receiving
them at baseline. These types of patients represent a subclass
of difficult-to-treat patients we see in clinical practice and
provide information beyond what has been learned in popula-
tions that are naive to anti-TNF agents and have had shorter
disease durations.’

The week 12 endpoint of mucosal healing did not show
a statistically significant difference between the continuous
adalimumab group and the induction only/placebo group.
This may demonstrate the effects of the induction therapy
itself.?® A study published after EXTEND also showed
mucosal healing at week 12 after adalimumab induction
therapy.’” Mucosal healing, defined by CDEIS score, has
been demonstrated as early as week 4 in a study with inf-
liximab® and as early as 10 weeks with certolizumab.*® That
said, the efficacy of continuous adalimumab therapy was
demonstrated at week 52 in the EXTEND trial and this sup-
ports the use of induction and long-term maintenance therapy
with adalimumab. More recently, endoscopic remission at
3 months in patients treated with continuous adalimumab
or infliximab was revealed to be a strong predictor of endo-
scopic healing at one year.”® Hence, there may be a role
for endoscopy at twelve weeks for patients after receiving
adalimumab. This could help determine treatment response;
if mucosal healing is not seen, it may trigger the substitution
or addition of a different medication.

A more recent post hoc analysis of the CHARM and
EXTEND trials showed that patients with moderate Crohn’s
disease, defined as a CDAI score =300, had the highest clinical
remission rates compared with other patients in these trials at
4 weeks, with the highest levels of efficacy in patients with
moderate Crohn’s disease and a C-reactive protein >1 mg/dL.*
Patients with moderate Crohn’s disease and high C-reactive
protein receiving placebo had disease activity and number of
hospitalizations similar to patients with severe Crohn’s disease
receiving placebo.® This study suggests that there may be a
role for obtaining C-reactive protein levels in patients with
moderate Crohn’s disease because this patient population has
the highest benefit from treatment with adalimumab and are
at great risk for disease progression.*

The safety profile of adalimumab in the EXTEND
study was similar to that in other trials and showed no new
safety concerns. The main concerns continue to be the risk
of serious infections and the need for tuberculosis screening.

The risk of serious infections seems to be less concerning
with further analysis,?**® especially considering the benefits
of continuous adalimumab treatment. However, because these
studies do not have follow-up data beyond a year, further
long-term studies are needed to confirm the safety profile of
adalimumab in the treatment of Crohn’s disease.

Further studies are needed to understand the efficacy and
safety profile of adalimumab beyond a year of treatment.
Furthermore, endpoints other than clinical response and
remission should be implemented in future studies so that
more can be understood about the mucosal microenviron-
ment, the gross appearance of the mucosa, and financial
impact on patients and society.
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