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Certolizumab pegol for the treatment of
Crohn’s disease

Stefan Schreiber

Abstract: In this article we provide a contemporary overview of available clinical data on
certolizumab pegol, a pegylated anti-tumor necrosis factor (TNF) alpha agent that comprises a
uniquely small protein, and its emerging role as a therapy for Crohn’s disease (CD). The results
from a comprehensive clinical trial program suggest that certolizumab pegol offers rapid and
sustained remission of moderate to severe CD. Certolizumab pegol is an effective and well-
tolerated therapy both in patients who have already received biologics and in patients who are
anti-TNF naive. Benefits of therapy include a stable dosing regimen, which allows for rapid
induction of a clinical response followed by long-term maintenance of response and remission
under one fixed dose. Treatment with certolizumab pegol has been shown to improve function
and quality of life in patients with CD, and insights into the potential mechanisms by which
certolizumab pegol effects a response in CD suggest that this agent may have the potential to
slow or even modify disease progression. Early therapy is particularly effective and could help

control CD progression and lessen the burden of disease on patients.
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Introduction

Crohn’s disease (CD) can often be refractory to
conventional treatments such as corticosteroids
and oral immunosuppressants. In recent years,
targeted biologic therapies against tumor necrosis
factor (TNF) alpha have revolutionized the man-
agement of CD [Binion, 2010; Clark ez al. 2007;
Cominelli, 2004]. The era of biologic therapy
began with the realization that TNF has an inte-
gral role in the pathogenesis of CD [Schreiber
et al. 1999; Reinecker et al. 1993; MacDonald
et al. 1990]. Monoclonal antibodies that bind to
TNF have since become the cornerstone in the
management of moderate to severe CD that is
refractory to conventional treatment options
[Bernstein et al. 2010; Binion, 2010;
Lichtenstein ez al. 2009; Sadowski er al. 2009].
The benefits of anti-TNF therapy include
reduced reliance or dependence on corticoster-
oid-based therapies and the avoidance of corti-
costeroid-associated adverse effects [D’Haens
et al. 2008; Colombel ez al. 2007; Hanauer ez al.
2002].

As evidence accumulates regarding the clinical
efficacy of anti-TNF therapy in the long-term
management of active CD, attention is now

focused on understanding how to employ these
agents in clinical practice to best meet the needs
of patients with CD [Binion, 2010; Colombel
et al. 2010; Van Assche er al. 2010; Rutgeerts
et al. 2004]. CD is a chronic, progressive and
disabling disease that requires long-term man-
agement. Optimizing outcomes in CD requires
rapid control of inflammation [Cosnes er al.
2005]. Persistent inflammation in CD can lead
to ongoing symptoms, organ damage and dis-
ease-related complications. The goals of biologic
therapy are to induce rapid response, maintain
disease remission without corticosteroids,
achieve and maintain mucosal healing, prevent
disease-related mortality and improve the
patient’s health-related quality of life (HRQoL)
[Lichtiger ez al. 2010; Lichtenstein er al. 2009;
Ng et al. 2009].

Complex moderate to severe CD, which corre-
sponds to a CD Activity Index (CDAI) of more
than 220 points, is characterized by failure to
respond to treatment, with prominent symptoms
of fever, significant weight loss, abdominal pain
or tenderness, intermittent nausea or vomiting,
significant anemia or occurrence of complicating
lesions such as deep colonic ulcer, perianal
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Figure 1. Comparative structures of the anti-TNF agents infliximab, adalimumab and certolizumab pegol.
Infliximab is a chimeric IgG1 monoclonal antibody, the Fc' portion of which is human. Adalimumab is a
human 1gG1 monoclonal antibody. Certolizumab pegol is a human monoclonal antibody Fab' conjugated
with polyethylene glycol (PEG), an inert 40-kDa macromolecule used to enhance the pharmacokinetic prop-
erties of biologics. Adapted with permission from Adis Data Information BV [Bourne et al. 2008, 22(5): 331-337],

copyright © 2008.

disease and/or fistulae [Lichtenstein ez al. 2009].
Treatments for CD should offer both a rapid
response and sustained disease remission, have
a good benefit-to-risk profile and should, ideally,
confer clinical benefits associated with improved
HRQoL. Goals for the future include under-
standing whether earlier and more effective treat-
ment of CD might modify disease progression
and alter long-term outcomes for patients.

This review considers the most current data on
the anti-TNF certolizumab pegol (Cimzia®,
UCB Pharma) in the management of CD. It
describes the unique physical properties of this
anti-TNF and details the evidence and insights
from a clinical trial program involving the study
of certolizumab pegol in both patients new to
biologic therapy and those who have received
prior biologic therapy.

Certolizumab pegol: a unique anti-TNF
Certolizumab pegol is an anti-TNF with a
unique structure (Figure 1) [Nesbitt er al.
2007]. Unlike other monoclonal antibodies indi-
cated for the treatment of CD, such as infliximab
[Centocor Ortho Biotech, 2009] and adalimu-
mab [Abbott Laboratories, 2010], which are
based on the human immunoglobulin 1 Fc, cer-
tolizumab pegol [UCB, 2009] does not contain
an Fc portion and therefore does not display Fc-
mediated effects (described below).

Certolizumab pegol is a PEGylated Fab' of a
human monoclonal antibody with high affinity
for TNF. The PEGylation of a biological mole-
cule changes its physical and chemical properties
to improve its pharmacokinetic behavior, typi-
cally improving solubility, increasing drug stabil-
ity and decreasing immunogenicity [Veronese
and Mero, 2008]. In the case of certolizumab
pegol, the Fab' of human anti-TNF is conjugated
with a 40-kDa polyethylene glycol molecule
(PEG) [Nesbitt er al. 2007]. Certolizumab
pegol is stable enough to be given by subcutane-
ous rather than intravenous injection. Studies in
animal models have also shown that the
PEGylation of certolizumab favors its distribu-
tion into inflamed tissue, a pharmacokinetic fea-
ture of importance for the effective treatment of
chronic inflammation [Eddleston ez al. 2009].

Studies to determine the mode of action of anti-
TNF agents in CD suggest that certolizumab
pegol differs from other anti-TNF agents in
ways that do not affect its clinical efficacy in
CD but that may affect its tolerability profile.
In common with other agents, certolizumab
pegol has been shown iz vitro to bind to soluble
and membrane-bound TNF—actions considered
key to clinical efficacy. In the pathogenesis
of CD, bacteria play a major part in inflamma-
tory processes and, in in vitro studies, certolizu-
mab pegol has been shown to inhibit monocyte
cytokine production induced by bacterial
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lipopolysaccharide [Nesbitt ez al. 2007].
However, unlike other anti-TNF agents, certoli-
zumab pegol does not cause complement-
dependent cytotoxicity, antibody-dependent
cell-mediated cytotoxicity, apoptosis Oor necrosis
of neutrophils [Bourne ez al. 2008; Nesbitt er al.
2007]. As certolizumab pegol has been shown to
be an effective agent for use in the clinical man-
agement of active CD, these latter mechanisms
may not be required for efficacy in the treatment
of CD but could be associated with some of
the known undesirable effects of conventional
anti-TNF therapy.

Additional modes of action for certolizumab
pegol have also been identified as of potential
importance to the observed clinical profile of
this agent in CD. In vitro studies on mast cells
suggest that the PEG component of certolizumab
pegol can inhibit the degranulation response
through pathways other than those mediated
through immunologic processes [Lamour et al.
2009]. The concentrations at which this action
is effected are similar to those expected tran-
siently at the injection site (but not after dilution
systemically in the blood stream) and may
explain the low level of injection site pain
observed with certolizumab pegol in clinical
studies [Sandborn et al. 2010a, 2010b, 2007;
Fleischmann et al. 2009; Lamour et al. 2009;
Smolen er al. 2009; Keystone et al. 2008;
Schreiber ez al. 2007, 2005].

Approval status and prescriber information

Certolizumab pegol, in addition to being
approved for the treatment of rheumatoid arthri-
tis in the United States and several member states
of the European Union, is currently approved in
the United States, Switzerland and Russia for
reducing the signs and symptoms of CD and
maintaining clinical response in adult patients
with moderately to severely active disease who
have had an inadequate response to conventional
therapy [UCB, 2009]. Certolizumab pegol is
administered by subcutaneous injection at an ini-
tial dose of 400 mg (given as two injections of
200mg) and repeated at weeks 2 and 4 (the
induction dose). If a clinical response occurs, cer-
tolizumab pegol is then given at a dose of 400 mg
every 4 weeks (the maintenance dose) [UCB,
2009]. In Canada and in some European coun-
tries, certolizumab pegol is not approved for the
treatment of CD. The European Medicines
Agency cited concerns about insufficient evi-
dence of efficacy and the short duration of the

maintenance phases in the PEGylated Antibody
Fragment Evaluation in Crohn’s Disease: Safety
and Efficacy (PRECISE) 1 and 2 trials.

Efficacy of certolizumab pegol in CD

Induction therapy

Certolizumab pegol has been shown to be effec-
tive as induction therapy in patients with moder-
ate to severe CD, offering a rapid treatment
response and symptom relief [Schreiber er al.
2009, 2007, 2005; Sandborn ez al. 2007].

A phase II placebo-controlled dose-ranging study
of 292 patients with moderate to severe CD
investigated the efficacy of certolizumab pegol
100, 200 or 400 mg wersus placebo [Schreiber
et al. 2005]. The primary endpoint was the per-
centage of patients with clinical response (defined
as CDALI score reduction of at least 100 points
[CDAI-100]) or clinical remission (CDAI equal
to or less than 150 points) at week 12. All certo-
lizumab pegol doses produced significant clinical
benefit versus placebo as early as week 2. At week
2, the clinical benefit was higher for certolizumab
pegol 400mg (33%), compared with placebo
(15%, p=0.01).

The PRECISE 1 study [Sandborn ez al. 2007], a
phase III double-blind randomized trial, com-
pared efficacy and safety of certolizumab pegol
against placebo in patients with moderate to
severe CD. The induction phase of this study
involved treatment with either certolizumab
pegol 400mg (z=329) or placebo (z=331) at
weeks 0, 2 and 4, and the CDAI-100 response
was determined. In the overall population,
response rates at week 6 were 35% in the certo-
lizumab group and 27% in the placebo group
(p=0.02); at both weeks 6 and 26, the response
rates were 23% and 16%, respectively (p =0.02).
Rates of remission did not differ significantly
between the two groups at week 6 (p=0.17).
However, among patients with a baseline C-reac-
tive protein (CRP) concentration >10mg/l, the
week 6 response rate was 37% in the certolizu-
mab pegol group compared with 26% in the pla-
cebo group (p=0.04).

PRECISE 2 is a second pivotal phase III trial of
certolizumab pegol in patients with moderate to
severe CD [Schreiber er al. 2007]. Both active
treatment and placebo groups received open-
label induction with certolizumab pegol 400 mg
at weeks 0, 2 and 4. At week 6 (after three doses
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of certolizumab pegol), 64% (428/668) of
patients had a response to induction therapy
(defined as CDAI-100) and 43% (289/668)
achieved remission (defined as a CDAI score
<150) [Schreiber ez al. 2009].

Maintenance therapy with certolizumab pegol:
the PRECISE trials

There is good evidence that, following successful
induction of clinical response, certolizumab
pegol, at a stable dose of 400 mg every 4 weeks,
is an effective maintenance therapy in patients
with active CD. The two pivotal phase III ran-
domized clinical trials, PRECIiSE 1 and
PRECISE 2 [Sandborn et al. 2007; Schreiber
et al. 2007], have shown that maintenance treat-
ment with certolizumab pegol 400 mg is associ-
ated with significantly greater rates of clinical
response compared with placebo. Moreover,
patients who responded to induction therapy
were also more likely to have a sustained response
and remission at 26 weeks with continued certo-
lizumab pegol treatment compared with patients
who switched to placebo.

In PRECISE 1, following an induction phase of
either certolizumab pegol 400mg (z=329) or
placebo (n=331) at weeks 0, 2 and 4, patients
received maintenance treatment with certolizu-
mab pegol 400mg (n=202) or placebo
(n=153) from week 8 every 4 weeks until week
26 [Sandborn ez al. 2007]. Primary endpoints
were the induction of a response at week 6 and
a response at both weeks 6 and 26. Significantly
greater rates of response (CDAI-100) to certoli-
zumab pegol treatment compared with placebo
treatment were observed at week 26 of mainte-
nance therapy in the overall population (23%
versus 16%; p=0.02). Rates of remission at
week 26 in the two groups did not differ signifi-
cantly (p=0.17); however, the proportion of
responders in the certolizumab pegol and pla-
cebo groups remained similar between the start
and completion of the maintenance phase: at
week 26, 23% and 16% of patients achieved
response in the certolizumab pegol and placebo
groups, respectively (p=0.02). Among patients
whose baseline concentration of CRP was
>10mg/l, the proportion of certolizumab pegol
responders to placebo responders was signifi-
cantly greater at the end of the 26-week mainte-
nance phase; 22% (31/144) and 12% (19/154) of
patients in the certolizumab pegol and placebo
groups, respectively, had a response at week 26
(p=0.05) [Sandborn er al. 2007].

The PRECISE 2 trial was designed specifically to
evaluate the efficacy of certolizumab pegol
400mg every 4 weeks as maintenance therapy
[Schreiber ez al. 2007]. The maintenance phase
was randomized, double blind and placebo con-
trolled, and only those patients with a clinical
response (CDAI-100) following open-label
induction (see above) at week 6 were assigned
to either the active or placebo groups. Patients
in either group were also stratified according to
their baseline CRP concentration (either
<10mg/l or >10mg/l) and concomitant use of
immunosuppressants. Patients were randomly
assigned to receive either 400 mg certolizumab
pegol or placebo every 4 weeks through week
24, with follow up at week 26.

As in PRECISE 1, clinical response in PRECiSE
2 was maintained through to week 26; response
rates in the intention-to-treat population at week
26 were 63% (135/215) in certolizumab pegol-
treated patients compared with 36% (76/210)
for placebo (p <0.001). Similar results were
observed in patients with baseline CRP >10 mg/l;
62% (69/112) of patients receiving certolizumab
pegol 400mg every 4 weeks achieved a clinical
response compared with 34% (34/101) of subjects
randomized to placebo (p <0.001) (Figure 2A).
At week 26, 48% (103/215) of patients in the
certolizumab pegol group achieved remission com-
pared with 29% (60/210) of patients in the placebo
group (p<0.001) (Figure 2B) [Schreiber er al.
2007].

In a subanalysis of the PRECIiSE 2 study, the
superior efficacy of certolizumab pegol versus pla-
cebo treatment in maintaining disease response
was shown in patients either taking immunosup-
pressants or naive to immunosuppressants. At
week 26, response rates were significantly greater
among patients receiving maintenance therapy
with certolizumab pegol 400mg than among
those receiving placebo, both for patients receiv-
ing concomitant immunosuppressive agents
(61% [53/87] wersus 33% [28/86], p<0.001)
and those not receiving concomitant immuno-
suppressive agents (64% [82/128] wversus 39%
[48/124], p < 0.001) [Schreiber er al. 2010b].

Data from PRECISE 2 also suggest that early
initiation of treatment (i.e. treatment early after
first diagnosis of CD) may achieve improved out-
comes. Maintenance of response to certolizumab
pegol was achieved in 90% of patients in whom
diagnosis of CD had been made within the
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Figure 2. (A) Response over time in patients in the intention-to-treat population who had responded to induc-
tion therapy at week 6 in PRECISE 2. The percentage of patients with a response in the certolizumab pegol
group was greater than in the placebo group in both the intention-to-treat population and in the high C-reactive
protein (CRP) group (p < 0.001). Reprinted with permission from the Massachusetts Medical Society [Schreiber
et al. 20071, copyright © 2007. (B) Median Crohn’s Disease Activity Index (CDAI) scores (last observation carried
forward) over time in the intention-to-treat population in PRECISE 2. Median CDAI remission scores were
significantly lower in the certolizumab pegol group than in the placebo group at week 16 (p=0.03], week 20
(p=0.02], week 24 (p=0.008) and week 26 (p<0.001). Reprinted with permission from the Massachusetts
Medical Society [Schreiber et al. 2007], copyright © 2007.
previous year compared with rates of response of 57% when there had been a diagnosis of CD 5
75% in subjects with a diagnosis made between or more years before study entry. Remission rates
1 and 2 years previously, 62% in cases where also showed this inverse relationship with disease
diagnosis was made 2—5 years previously and duration. Other factors identified as predictors of
http://tag.sagepub.com 379



Therapeutic Advances in Gastroenterology 4 (6)

maintenance of response were absence of prior
resection, no prior use of biologic therapy and
no corticosteroid use on study entry. These
results support the concept that treatment with
certolizumab pegol early in the course of disease
progression can confer greater clinical benefit
than when used as a second- or third-line treat-
ment [Schreiber ez al. 2010a].

Long-term efficacy of certolizumab pegol

The PRECISE 1 and PRECISE 2 studies provide
evidence that certolizumab pegol offers both
rapid response and sustained efficacy, and high-
light that treatment is effective in both anti-TNF
experienced and treatment-naive subjects, with
particular benefit conferred when therapy is
started early after initial diagnosis. However,
these studies were conducted over a short
period (6 months) relative to the natural history
of CD and its long-term clinical management.
Open-label, long-term follow up of patients
from these studies allows ongoing assessment of
sustained response and remission rates in patients
who continue to receive a stable dosing regimen
of certolizumab pegol 400 mg every 4 weeks.

An open-label extension of the PRECISE 1 and
PRECISE 2 studies, called PRECISE 3, is ongo-
ing to investigate the long-term efficacy and
safety of certolizumab pegol 400mg every
4 weeks in patients who completed the ini-
tial trials. PRECIiSE 4 is an open-label study
of patients who entered PRECIiSE 1 and
PRECISE 2 and experienced a significant wors-
ening of their CD symptoms, relapsed (defined as
an increase in CDAI score of >70 points above
baseline before week 26) and subsequently with-
drew from PRECIiSE 1 and PRECISE 2. The
PRECISE 3 and PRECISE 4 studies are planned
for a patient follow-up duration of 7 years from
initiation of certolizumab pegol treatment. At the
time of writing, follow-up data are currently
available for up to 4—5 years, allowing insights
into sustained response and remission rates.

From PRECISE 3 there are published reports for
18 months through 4-year follow up on the
patients originally from PRECISE 2. Within this
PRECISE 3 cohort, there are patients who have
received continuous certolizumab pegol therapy
(induction, then active treatment in PRECISE 2)
and patients who have had interrupted therapy
(induction, then placebo in PRECISE 2), and
within each of these groups there were patients
who responded to certolizumab pegol therapy

and those who did not. At the start of
PRECISE 3, 141 of the original 215 PRECISE
2 patients who received continuous certolizumab
pegol 400 mg therapy and 100 (of the 200) who
had received interrupted treatment were
enrolled. Patients were well matched between
the continuous and interrupted treatment
groups in terms of their demographics, disease
characteristics and previous and concomitant
medications [Lichtenstein ez al. 2010b].

An important aim of the PRECISE 3 trial was to
analyze outcomes in patients who received con-
tinuous certolizumab pegol therapy relative to
outcomes in patients who received interrupted
certolizumab pegol therapy. At the time of entry
into PRECISE 3, the CD response rate (defined
as a reduction in the Harvey—Bradshaw Index >3
points from baseline) for the patients from
PRECISE 2 in the continuous treatment group
was 56% compared with 38% for the drug inter-
ruption group, with corresponding remission
rates of 48% (103/215 patients) and 32% (68/
210 patients), respectively [Lichtenstein er al.
2010b]. For patients who were in response at
the end of PRECISE 2, the response rates at
80 weeks after the initial dose of certolizumab
pegol for the continuous and drug interruption
groups in PRECISE 3 were 66% (80/121) and
63% (50/79), respectively. For patients who
were in remission at the end of PRECISE 2, the
remission rates at 80 weeks after the initial dose
of certolizumab pegol were 62% (64/103) and
63% (43/68), respectively, for the continuous
and the drug interruption groups in PRECIiSE
3. In addition, more patients in the drug inter-
ruption group had developed antibodies against
certolizumab pegol than patients who had
received continuous therapy. The 18-month
PRECISE 3 data therefore indicate that certoli-
zumab pegol is effective in maintaining response
and remission rates during long-term treatment.
Moreover, data from PRECISE 3 suggest that
clinical outcomes are superior with continuous
therapy compared with interrupted therapy.

Impact of certolizumab pegol on fistulizing
disease

Data from the PRECISE 3 study provide insights
into the efficacy of certolizumab pegol in a sub-
population of patients who responded to induc-
tion therapy and had fistulizing CD at week 0 of
PRECISE 2. Patients with draining fistulas at
baseline from PRECISE 2 (n=108) received
open-label induction with certolizumab pegol

380

http://tag.sagepub.com



S Schreiber

400mg at weeks O (baseline), 2 and 4. The
majority of these patients (55/58) had perianal
fistula. At week 6, responders (CDAI-100) with
draining fistulas (n = 58) were randomized to cer-
tolizumab pegol 400mg (=28) or placebo
(n=30) every 4 weeks across weeks 8—24. At
week 26, 36% of patients in the certolizumab
pegol group had 100% fistula closure compared
with 17% of patients receiving placebo
(p =0.038), although the protocol-defined fistula
closure (>50% closure at two consecutive post-
baseline visits >3 weeks apart) was not statisti-
cally significant (p=0.069) [Schreiber ez al.
2011]. In patients who achieved the prespecified
definition of fistula closure during the study and
100% fistula closure at week 26, CDAI remission
rates were 60% (6/10) in the certolizumab pegol
and 50% (2/4) in the placebo group. In contrast,
CDAI remission rates in patients who did not
achieve the prespecified definition of fistula clo-
sure during the study and achieved 100% fistula
closure at week 26 were 50% (9/18) and 15%
(4/26), in the certolizumab pegol and placebo
groups, respectively [Schreiber ez al. 2011].

Impact of previous TNF inhibitor therapy on
certolizumab pegol efficacy

Certolizumab pegol has been shown to be an
effective induction/maintenance therapy regard-
less of prior anti-TNF use. A post hoc analysis
of data from PRECIiSE 2 assessing covariates
such as previous anti-TNF use as predictors of
sustained response (CDAI-100) and remission
(CDAI <150) confirmed that maintenance ther-
apy with certolizumab pegol is effective regard-
less of prior therapy with the anti-TNF agent
infliximab. At week 26, 44% of infliximab-experi-
enced patients benefited from second-line certo-
lizumab pegol therapy compared with 26% in the
placebo group (p=0.018). In infliximab-naive
patients, a group thought to represent individuals
with CD of shorter duration and, consequently,
less disease progression, the response rate was
69% in the certolizumab pegol group, compared
with 40% in the placebo group (p<0.001)
[Hanauer et al. 2010].

The PRECISE 3 and PRECISE 4 studies, which
provide longer term follow-up outcome data on
the efficacy of certolizumab pegol, also provide
insights into the sustained efficacy of certolizu-
mab pegol regardless of previous treatment his-
tory. In PRECISE 3, 114 of the 141 patients
enrolled were infliximab naive and in PRECiSE
4, 84 of 124 subjects were infliximab naive

[Lichtenstein ez al. 2010a; Sandborn ez al.
2010c]. In PRECISE 3, 78% of the infliximab-
naive patients were in remission at study start.
The remission rates after 1, 2, 3 and 4 years for
infliximab-naive patients who were in remission
at the start of PRECISE 3 (nonresponder impu-
tation [NRI] analysis) were 59%, 41%, 32% and
22%, respectively. In contrast, less than 5%
(10/208) of infliximab-naive patients in PRECiSE
4 were in remission at the start of the study.
However, remission rates after 1, 2, 3 and 4 years
for these infliximab-naive patients recaptured from
relapse in PRECIiSE 4 (NRI analysis) were 41%,
30%, 13% and 12%, respectively. These rates of
remission were similar to those achieved for the
overall study cohort. Thus, continuous certolizu-
mab pegol therapy in patients who experience
CD relapse is associated with long-term remission,
regardless of the patients’ previous exposure to
infliximab.

Strategies for loss of response to infliximab or
adalimumab as the first anti-TNF agent has
been to increase the dose (infliximab) and/or
increase the dosing frequency (infliximab and
adalimumab) [Sandborn er al. 2009, 2007;
Hanauer er al. 2002]. Strategies for loss of
response to an anti-TNF agent for patients who
do not have therapeutic serum trough levels may
be to (1) increase the dose and/or increase the
dosing frequency or (2) switch to a different
anti-TNF agent. Patients with loss of response
to an anti-ITNF agent who have therapeutic
serum trough levels may benefit from switching
to a different drug class, however this strategy has
not been tested in a blinded, prospective clinical
trial. Switching to a different drug class may also
be considered for patients who have undetectable
trough levels and do not respond to a different
anti-TNF agent. Patients with loss of response to
an anti-TNF agent who have detectable antibo-
dies to the original agent may benefit from
switching to a different anti-TNF agent, whereas
patients with loss of response to an anti-TNF
agent who do not have detectable antibodies to
the original agent may benefit from increasing the
dose and/or an increased dosing frequency.

The WELCOME study: certolizumab pegol in
patients failing on infliximab

As many as 40—50% of patients who respond to
induction therapy with conventional anti-TNF
therapy develop secondary failure, defined as a
loss of response and/or development of hypersen-
sitivity reactions or injection site reactions within
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6—12 months [Colombel ez al. 2007; Schreiber ez al.
2007; Hanauer et al. 2002]. The WELCOME
(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) was a 26-week ran-
domized, double-blind trial that prospectively
evaluated the efficacy of certolizumab pegol
given either every 2 weeks or every 4 weeks
at a dose of 400 mg in patients (N=539) with
moderate to severe CD with secondary failure to
infliximab [Sandborn et al. 2010a]. WELCOME
involved an open-label induction phase of treat-
ment with certolizumab pegol 400mg given
at weeks 0, 2 and 4, with patients in response
at week 6 eligible for randomization to one of
the active maintenance regimens. At week 6,
62% (334/539) of patients achieved response,
39% achieved remission and 329 were random-
ized. By week 26, 40% of patients receiving
certolizumab pegol therapy every 4 weeks and
37% of those receiving treatment every 2
weeks were in clinical response (p=0.55), and
29% and 30%, respectively, were in remission
(p=0.81). The efficacy of certolizumab pegol
in the WELCOME patients was not affected
by concomitant use of either corticosteroids or
immunosuppressants [Sandborn er al. 2009].
Certolizumab pegol therefore appears to be an
effective treatment option for many patients fail-
ing on first-line infliximab therapy.

PRECISE 4: reinduction with certolizumab pegol
in patients with disease relapse

There is a report on the 12-month follow up of
PRECISE 2 patients from the PRECiSE 4 study,
which was specifically designed to examine a
recapture/reinduction protocol for patients who
lost response following induction therapy
[Sandborn et al. 2010b]. Loss of response was
defined as an increase in CDAI of at least 70
points above baseline or an increase in the
CDAI score to >350 points. Patients in
PRECIiSE 2 who had disease relapse during
weeks 6—26 of continuous certolizumab pegol
therapy underwent recapture with a one-time
supplemental dose of certolizumab pegol
400 mg. Patients with loss of response in the
PRECISE 2 drug interruption arm could enter
PRECISE 4 and be reinduced with certolizumab
pegol 400 mg administered at weeks 0, 2 and 4
followed by maintenance therapy at 400 mg every
4 weeks thereafter. A total of 124 patients with
loss of response during PRECISE 2 enrolled in

PRECISE 4, 49 of whom had been randomized
to certolizumab pegol and 75 who had been ran-
domized to placebo. At week 4 of PRECISE 4,
the response rates were 63% for patients who had
relapsed in the continuous treatment group and
65% for the drug interruption group. Response
and remission rates were maintained through
week 52. At week 52, a clinical response was
maintained in 55% and 59% of responders in
the continuous treatment and drug interruption
group, respectively, suggesting that recapture/
reinduction with certolizumab pegol without the
need for dose escalation in patients with relapsed
CD is an effective management strategy.

Attenuation of response among patients who
respond to anti-TNF therapy with certolizumab
pegol, infliximab and adalimumab, and then con-
tinue the same agent as maintenance therapy,
occurs in approximately 60% of patients within
6 months [Colombel er al. 2007; Schreiber et al.
2007; Hanauer ez al. 2002]. Disease relapse with
all three anti-TNF agents among patients with
active CD has been reported in clinical trials. In
the PRECISE 2 trial, 37% of patients in the cer-
tolizumab pegol group lost response at week 26
[Schreiber er al. 2007]. In PRECIiSE 3, the
response rate at 80 weeks for patients receiving
continuous maintenance therapy with certolizu-
mab pegol was 66% (80/121) [Lichtenstein ez al.
2010b]. Loss of response was demonstrated from
week 30 to week 54 in approximately 42% (160/
385) of patients during maintenance therapy with
infliximab [Hanauer ez al. 2002]. Similar rates of
loss of response were reported for adalimumab
maintenance therapy (approximately 45—55%
by weeks 26 and 56, respectively) [Colombel
er al. 2007]. As stated above, factors identified
as predictors of maintenance of response for cer-
tolizumab pegol include shorter disease duration
(<1 year), absence of prior resection, no prior
use of biologic therapy and no corticosteroid
use on study entry [Schreiber ez al. 2010a].

Patient outcome benefits of certolizumab
pegol

The clinical trial program for certolizumab pegol,
including the findings of the long-term, open-
label follow ups to the PRECISE studies, show
that this therapy offers rapid response and sus-
tained response and remission for patients with
moderate to severe CD, regardless of their prior
exposure to anti-TNF therapy and concomitant
medication use. In addition to reducing the
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burden posed by symptoms of active CD, there is
growing evidence that treatment with certolizu-
mab pegol can have sustained benefits that
impact positively on patient QoL. and everyday
functional ability.

Health-related quality of life

The morbidity of CD often limits patients’ phys-
ical functioning, emotional wellbeing and social
interactions. While clinical efficacy and safety
studies typically assess changes in severity of
CD according to clinical indices such as the
CDAI, the effect of certolizumab pegol mainte-
nance therapy on patient-reported outcomes
(PROs) within the PRECISE 2 cohort has also
been evaluated in order to determine the effects
of treatment on HRQoL [Feagan et al. 2009b].

A study on the return to ‘normal life’ was con-
ducted on patients from PRECISE 2 using mul-
tiple PRO instruments. Maintenance therapy
with certolizumab pegol resulted in statistically
significant and clinically meaningful improve-
ments in HRQoL, as assessed by multiple PRO
instruments (Figure 3). Patients receiving contin-
uous certolizumab pegol therapy (z=215) com-
pared with those in the placebo group (z=210)
reported improved inflammatory bowel disease
questionnaire (IBDQ) scores (60% wversus 43%;
p<0.001) and significantly higher Short-Form
36 (SF-36) physical component (51% wversus
34%; p<0.001) and mental component (44%
versus 32%; p=0.016) summary responses.

1007

There were also significantly more subjects
receiving certolizumab pegol (57%) who
achieved a clinically meaningful improvement in
EQ-5D Visual Analog Scale scores compared
with placebo treatment (38%; p<0.001)
(Figure 3) [Feagan et al. 2009b]. In this same
analysis, treatment with certolizumab pegol was
also associated with a greater gain in quality-
adjusted life years than placebo (0.25+0.10
versus 0.21+—0.11; p=0.001) [Feagan et al.
2009b]. The proportion of patients satisfying
the normal life criteria increased from 0% at base-
line to 26% (p <0.001) at the end of the 6-week
open-label induction period with certolizumab
pegol. Moreover, 21% of patients receiving
certolizumab pegol versus 13% of patients in the
placebo group reported living a normal life at
week 26 (p=0.019) [Feagan er al. 2009b].

Work productivity and daily activities

Data from the PRECIiSE and WELCOME trials
have also been useful in determining the impact
of certolizumab pegol treatment on patients’ abil-
ity to remain productive and undertake normal
daily living activities. The Work Productivity and
Activities Index in CD (WPAIL:CD) was validated
using data from PRECISE 1. This health out-
comes instrument measures the impact of CD
on productivity in both the home and the work-
place, during the 7-day period prior to an evalu-
ation, by assessing absenteeism, presenteeism
(time at work during which there is reduced

O Placebo
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Figure 3. Improvement in various health-related quality of life measures with certolizumab pegol in PRECISE
2. PCS, physical component summary; MCS, mental component summary; VAS, visual analog scale; IBDQ,
inflammatory bowel disease questionnaire. *p < 0.05 (logistic regression). 'p < 0.001 (logistic regression). Error
bars represent the 95% confidence interval. Reprinted with permission from Macmillan Publishers Ltd [Feagan

et al. 2009b, 104(8]], copyright © 2009.
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productivity), overall work impairment and daily
living impairment [Reilly ez al. 2008].

PRECISE 1 data were used to estimate the smal-
lest changes in WPAI:CD scores that patients or
clinicians would perceive as beneficial following a
treatment intervention, that is, changes that
would constitute a minimally important differ-
ence (MID). Changes in MID scores of more
than 7—8% can be regarded as sizeable changes
in work productivity for patients with active CD
[Reilly ez al. 2007]. At weeks 6, 16 and 26 of
PRECISE 1, there was a significantly larger
improvement in overall work impairment in
patients treated with certolizumab pegol com-
pared with those assigned to placebo (p <0.05)
[Feagan er al. 2007]. Improvements in work pro-
ductivity and employment status have also been
noted in analyses of PRECIiSE 2 data [Feagan
et al. 2010] (Figure 4). Induction and mainte-
nance with certolizumab pegol was associated
with significantly improved work productivity
compared with placebo. Significant improve-
ments were seen by week 6 following certolizu-
mab pegol induction therapy. Improvements in
scores for absenteeism, presenteeism, overall
work impairment and daily activity impairment
were sustained during maintenance therapy,
showing significant advantages of continuous
treatment over placebo (Figure 4). When both
induction and maintenance phases were consid-
ered together, certolizumab pegol treatment was
associated with a 14% lower overall work impair-
ment rating, equivalent to 5.7 hours per week
increased work productivity at week 26 when
compared with placebo (p=0.004).

Recently, certolizumab pegol treatment was
shown to result in meaningful improvements in
work productivity, daily activities and HRQoL in
patients with active CD who previously
responded to but either lost response or could
not tolerate infliximab [Feagan er al. 2011,
2009a]. In the WELCOME Health Outcomes
study, work productivity and HRQoL were
assessed using the WPAIL:CD questionnaire and
the IBDQ, respectively [Feagan ez al. 2011].
Analyses were conducted in all randomized
patients who had a clinical response at week 6
in the WELCOME study and received at least
one dose of study medication after randomiza-
tion. The baseline HRQoL burden (as indicated
by a baseline IBDQ score of approximately
120 points) was representative of moderate
to severe CD. HRQoL, daily activity and work

productivity improved in both certolizumab
pegol 400 mg every 2 weeks and every 4 weeks
treatment groups as early as week 6. These
improvements were maintained through week
26. Moreover, treatment benefits to HRQoL,
daily activity and work productivity were similar
between the certolizumab pegol every 2 weeks
versus every 4 weeks groups.

Insights into potential disease modification
There is growing interest and emerging evidence
to support the disease-modifying potential of a
number of therapeutic agents currently used in
CD management [Van Assche ez al. 2010].
Anti-TNF therapies are reported to hold poten-
tial for mucosal healing and actions that may pre-
vent fibrotic wall thickening. Data from clinical
studies are therefore increasingly assessed for evi-
dence that anti-TNF treatment may modify dis-
ease progression and natural history. It is
commonly felt that the ability to induce mucosal
healing is associated with the disease-modifying
potential of a drug.

The MUSIC trial

The MUSIC trial [Colombel ez al. 2010] assessed
changes in the intestinal mucosa of patients with
active CD during long-term treatment with cer-
tolizumab pegol 400 mg every 4 weeks. The study
enrolled 89 patients with endoscopically active
disease. Among the 78 patients who completed
10 weeks of certolizumab pegol therapy, 62% and
42% achieved endoscopic response and remis-
sion, respectively. Among the 53 patients who
completed 54 weeks of certolizumab pegol ther-
apy, 62% and 28% achieved endoscopic response
and remission, respectively.

Certolizumab pegol safety overview

Data from the PRECIiSE and WELCOME trials
support the safety and tolerability of certolizu-
mab pegol as induction therapy and long-term
maintenance treatment of active CD. While a
comprehensive safety overview is beyond the
remit of this review, the adverse event profile of
certolizumab pegol demonstrates that this anti-
TNF is safe and well tolerated. In the 26-week
PRECISE 2 study, the most frequently reported
adverse events were similar in certolizumab pegol
and placebo groups. Serious adverse events
occurred in 6% (12/216) and 7% (14/212) of
patients in the certolizumab pegol and placebo
group, respectively. Serious infection occurred
in 3% of patients in the certolizumab group and
in less than 1% of patients in the placebo group.
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Figure 4. Improvement in work productivity with certolizumab pegol in PRECISE 2. Mean changes in Work
Productivity and Activities Index in Crohn’s disease (WPAI:CD] scores and 95% confidence interval (within-
treatment) (A) at week 26 from week 6 (maintenance phase) and (B) at week 26 from baseline (induction and
maintenance). *p < 0.05. **p <0.001; comparisons within treatment groups for week 6 versus week 26 (a) and
week 0 versus week 26 (b) are by paired t-test (change significantly different from 0). Tp<0.05, "'p<0.01,
""p <0.001; comparisons between the two treatment arms are by Student’s t-test. A larger negative change
means greater improvement for each parameter. Reprinted with permission from Blackwell Publishing Ltd
[Feagan et al. 2010, pp. 1276—1285], copyright © 2010.
One patient in the certolizumab pegol group had  anticertolizumab antibodies developed in 8%
pulmonary tuberculosis, which responded to (26/331) of patients in the certolizumab pegol
standard combination therapy with antibiotics. group [Sandborn ez al. 2007]. In PRECISE 2,
One or more local reactions to injection occurred  of the 668 patients entered the induction phase,
in 3% of patients in the certolizumab group 58 (9%) had detectable antibodies against certo-
and 15% of patients in the placebo group lizumab pegol at some point during the study
[Schreiber ez al. 2007] In PRECISE 1, detectable  [Schreiber ez al. 2007]. Three of the four patients
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in whom antibodies developed during the induc-
tion phase were randomly assigned to receive
maintenance therapy, one with certolizumab
pegol and two with placebo. In the remaining
54 patients, antibodies developed during the
maintenance phase, 80% of which were neutral-
izing antibodies in vitro. There was no statistically
significant reduction in efficacy. Injection site
pain and injection site erythema were reported
at an incidence of at least 3% higher in anti-
body-positive patients compared with antibody-
negative patients [UCB, 2009].

In the 18-month PRECIiSE 3 analysis, similar
rates of adverse events and serious adverse
events were reported by patients in the continu-
ous treatment (z=141) and drug interruption
(n=100) groups. Exacerbation of CD was the

most commonly reported adverse event
[Lichtenstein et al. 2010b]. Most treatment-
emergent adverse events in the 26-week

PRECISE 4 analysis were of mild or moderate
intensity and were considered to be unrelated to
the study drug. There was a low incidence (<2%)
of injection site reactions [Sandborn er al.
2010c]. In the WELCOME study, the most com-
monly occurring adverse events were headache,
nausea and arthralgia. The percentage of patients
experiencing injection site pain was low (1.9% in
the induction phase and 0% and 0.5% in the
certolizumab pegol every 4 weeks and every 2
weeks groups during the double-blind mainte-
nance phase, respectively). Serious drug-related
adverse events occurred in 15 (2.8%) patients
during induction and 12 (3.2%) patients during
the maintenance phase. Serious infections were
reported in nine (1.7%) patients during the
induction phase and 12 (3.2%) patients in the
maintenance phase, with no cases of tuberculosis
reported. A single malignancy (squamous cell
carcinoma of the skin) occurred in the certolizu-
mab pegol every 4 weeks group [Sandborn ez al.
2010a]. In support of these safety observations,
certolizumab pegol 400 mg every 2 weeks was
found to be well tolerated in patients with rheu-
matoid arthritis [Smolen ez al. 2009].

The FDA pregnancy category for certolizumab
pegol is category B. Ex wvivo studies on human
placentas indicate no measurable transfer of cer-
tolizumab pegol across the placenta, an effect
probably due to the lack of the Fc region
[Porter er al. 2010]. Reproduction studies in
rats at drug doses up to 100 mg/kg revealed no
evidence of impaired fertility or harm to the fetus

due to the antimurine TNFo PEGylated Fab'
[UCB, 2009]. However, there are no well-con-
trolled studies of certolizumab pegol in pregnant
women, and it is not yet known whether certoli-
zumab pegol is excreted in human milk [UCB,
20009].

Conclusions

A growing body of evidence supports anti-
TNF therapy with certolizumab pegol 400 mg
as an efficacious treatment for induction and
long-term maintenance of clinically meaningful
response and remission in patients with moderate
to severe CD. This physically unique anti-TNF
has a favorable benefit-to-risk profile. Experience
to date suggests that long-term maintenance of
remission is achievable using a stable, subcutane-
ous, monthly dosing regimen, without an
apparent need to resort to dose escalation. If
relapse occurs, clinical response can be recap-
tured in a proportion of patients by the adminis-
tration of one additional certolizumab pegol dose
to the regular 4-weekly maintenance dosing reg-
imen. Treatment is effective in patients regardless
of their prior exposure to other anti-TNF
therapies.

Results from the PRECISE program demonstrate
the efficacy and safety of a maintenance dosing
schedule of certolizumab pegol 400mg every
4 weeks [Lichtenstein ez al. 2010b; Sandborn
et al. 2010b, 2007; Schreiber er al. 2007]. In a
small case series, five of six patients losing response
during maintenance therapy with certolizumab
pegol 400 mg every 4 weeks subsequently achieved
remission when the dose was administered at
200mg every 2 weeks [Fernandez-Blanco and
Hinojosa, 2008]. However, as discussed above,
the WELCOME trial showed that treatment ben-
efits were similar between certolizumab pegol
dosing schedules of every 2 weeks versus every 4
weeks [Sandborn ez al. 2010a; Feagan ez al. 2009b].

Greater treatment effects with anti-TNF agents
have been reported in patients with higher base-
line CRP concentrations [Schreiber ez al. 2005],
suggesting that clinical response may be associ-
ated with a high inflammatory burden. Thus,
patient selection for future clinical trials should
emphasize the treatment of patients who have
objective evidence of inflammation in addition
to symptoms of active disease.

Currently, anti-TNF agents are reserved for the
treatment of patients with moderate to severe CD
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in whom conventional therapy has failed. Thus,
they tend to be used later in the course of disease
as part of a ‘step-up’ approach. However, a
recent article suggests that a ‘top-down’ treat-
ment strategy, in which immunosuppressants
and anti-TNF agents are used earlier in the
course of the disease, may alter the natural his-
tory of the disease and prevent late complications
[Krygier er al. 2009]. In PRECISE 2, certolizu-
mab pegol was found to be more efficacious when
used in patients with a shorter disease duration
than in patients who have had CD for longer,
which probably reflects the development of com-
plications (e.g. strictures or penetrating disease)
that are more refractory to treatment. Therefore,
a ‘top-down’ approach where certolizumab pegol
is given earlier as a second-line therapy after
other conventional CD therapies have failed
may be particularly valuable in patients at risk
of developing aggressive disease, such as a history
of surgery, fistulas or the need for corticosteroids
at initial presentation.

The clinical benefits of certolizumab pegol are
reflected in marked improvements in patient
HRQoL, work productivity and daily function,
with benefits seen both early in treatment and
sustained during long-term maintenance therapy.
The therapeutic profile of certolizumab pegol
offers the clinician a new paradigm for the con-
trol of CD symptoms and potential for CD
modification.
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