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Abstract: Rheumatoid arthritis is the most common inflammatory arthritis and continues to
have major long-term effects on quality of life. Early and intensive treatment has now become
the norm in clinical practice with changes of medication dictated by measuring the presence of
continued disease activity. Biologics, particular tumor necrosis factor inhibitors, have a crucial
role in the management of very severe disease. Certolizumab is a relatively new tumor necrosis
factor inhibitor which uses a novel strategy to neutralize TNF-alpha — the conjugation of tumor
necrosis factor specific Fab antibody fragments to polyethylene glycol. Two Phase II and three
Phase I1I randomized controlled trials have evaluated the efficacy and toxicity of certolizumab.
More than 2000 patients were enrolled, and followed from 12—52 weeks. The number of patients
achieving significant improvements with certolizumab, was indicated by the American College of
Rheumatology with a 50% response rate. The risk ratios of achieving this response at 24 weeks
was 6.01 (95% confidence interval [CI]: 3.84-9.40). At 52 weeks the risk ratio was 5.27 (95%
CI: 3.19-8.71). The number of patients needed to treat, to obtain this benefit at 24 weeks was
4 (95% CI: 3-5). Certolizumab also had important clinical benefits in reducing erosive dam-
age to joints, limiting disability, and enhancing other outcomes of importance to patients such
as fatigue. The patient-related benefits were present from the early weeks of treatment. The
clinical trials showed serious adverse events, including infections, which were more frequent
for certolizumab. The most common adverse events comprised upper respiratory tract infec-
tions, hypertension, and nasopharyngitis. The balance of evidence suggests that certolizumab
is equivalent to other tumor necrosis factor inhibitors, though no head-to-head trials have been
undertaken. Having several effective treatments available, benefits patient choice, because the
frequency and route of administration of these treatments varies. Furthermore, as intolerance
and antibody development against existing biologics is not uncommon, having several agents
allows opportunities to switch from one inhibitor to another.
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Introduction

Features of rheumatoid arthritis

Rheumatoid arthritis remains the most common inflammatory arthritis. It affects
between 0.5% and 1.0% of the population.! The incidence of new cases varies from
5 to 50 per 100,000 annually.? Rheumatoid arthritis can begin at any age, including
childhood, but the incidence of new cases increases with age. Rheumatoid arthritis
has a marked female predominance. Fifty per cent of the risk for development of
rheumatoid arthritis is attributable to genetic factors and smoking is the main envi-
ronmental risk.?
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Rheumatoid arthritis results in chronic pain, disability,
fatigue, and loss of productivity both in the workplace and at
home. Its impact extends beyond chronic pain and inability to
function normally. In particular there are significant economic
burdens attributable to the disease, which affects society as
a whole, as well as individual patients and their families.
Work disability in patients with rheumatoid arthritis occurs
early and increases over time, and is a major driver of its
economic impact. Finally rheumatoid arthritis is associated
with cardiovascular disease and a range of other important
comorbidities. These shorten life expectancy.

Managing rheumatoid arthritis

Early and intensive treatment has now become the norm
in clinical practice with changes of medication dictated by
measuring the presence of continued disease activity. Most
patients with rheumatoid arthritis receive treatment with
disease-modifying drugs (DMARDs) such as methotrex-
ate and sulfasalazine. These control joint inflammation and
are both effective and cost-effective. There is also evidence
that combinations of DMARDs are useful in severe, active
rheumatoid arthritis.

However, the introduction of biologics has changed the
situation. Tumor necrosis factor (TNF) inhibitors are effec-
tive at all stages of rheumatoid arthritis. Their benefits extend
to early DMARD-naive rheumatoid arthritis patients.’?
Some expert groups, such as the American College of
Rheumatology (ACR), recommend their use as first-line
treatment in patients with high disease activity.® However,
this remains a controversial issue and other groups, such
as the National Institute for Health and Clinical Excellence
guidance focuses on DMARD combinations for active early
disease, based on an economic analysis of benefits.”® The
combination of adequately dosed methotrexate and a biologic
agent, especially a TNF inhibitor, is far more effective in
active rheumatoid arthritis than traditional disease modify-
ing drugs used as monotherapy in early and long-standing
disease. Biological therapies improve clinical, radiologic,
and functional outcomes.

Inevitably, not all patients respond to all medications
equally. Some patients respond to one biologic and others
respond to another. Some patients may fail a number of
medications, either alone or in combination, before respond-
ing to an additional treatment. For this reason, the optimal
management of rheumatoid arthritis requires access to a
range of effective agents. One or two TNF inhibitors are
insufficient and there is room for an additional biologic such
as certolizumab.

Clinical trials of biologic TNF inhibitors in the late 1990s
confirmed the importance of TNF function in the patho-
genesis of chronic non-infectious inflammation of joints.
Until 2009, more than 2 million patients worldwide had
received the first marketed drugs, namely the monoclonal
TNF antibodies infliximab and adalimumab and the soluble
TNF receptor etanercept.’ All three are equally effective in
rheumatoid arthritis. These three drugs targeting TNF are now
in common clinical use. Infliximab is a chimeric TNF specific
monoclonal antibody with mouse hypervariable domains and
human antibody backbone.!® Adalimumab is a recombinant
human TNF specific monoclonal antibody.!! Etanercept is a
fully human construct comprising the p75 TNF receptor and
Fc antibody portion.'? The efficacy of these agents in control-
ling the symptoms of rheumatoid arthritis provides further
clinical evidence that in many patients with rheumatoid
arthritis, TNF is a central pathogenic mediator.

Structure and function

Currently, five anti-TNF inhibitors are available to treat
rheumatoid arthritis: adalimumab, etanercept, infliximab,
golimumab, and certolizumab. Despite having different
proposed mechanisms of action,'? all five of the current TNF
inhibitors have relatively similar effects on clinical, func-
tional, and radiologic outcomes, although there are no head
to head trials to confirm their equivalence. The US Food and
Drug Administration approved the use of TNF inhibitors to
treat rheumatoid arthritis in the following order: etanercept
(1998), infliximab (1999), adalimumab (2002), and certoli-
zumab and golimumab (2009).

More biologics are being introduced; as we know, many
patients will respond to these TNF inhibitors but some will
not, either due to primary failure or secondary TNF failure.
Certolizumab (CDP-870) is a new agent that employs a novel
strategy to neutralize TNF-alpha, namely the prokaryotic
expression of TNF-alpha-specific Fab antibody fragments,
conjugated to polyethylene glycol to produce a drug that
is potentially less expensive to manufacture than other
anti-TNF-alpha agents and which may be administered by
subcutaneous injection once a month."

Structurally, there are two important regions, the Fab and
the Fc portions. The Fab portion contains complementarity-
determining regions (CDR), unique sequences of amino
acids responsible for binding antigen. The Fc portion is not
antigen specific but is necessary for other antibody functions
including complement fixation and cell lysis. Monoclonal
antibodies have a single identical sequence, in contrast to
polyclonal antibodies, which have many different sequences
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and hence antigen-binding properties. The first generation of
monoclonal antibodies was generated in mice, but the immu-
nogenicity of murine proteins in humans precluded their use
therapeutically, due to their tendency to induce major immune
responses (anaphylaxis). New techniques have been devel-
oped to limit the immunogenicity of monoclonal antibodies,
such as “humanization”. This involves replacement of murine
framework sequences around the CDR with human frame-
work sequences. Certolizumab has been developed using
this technique. It consists of only the Fab portion (50 kD) of
amonoclonal antibody directed against TNF-o, with human-
ized framework sequences and a 2 x 20 kD pegol domain.
The resulting molecule contains only the smallest effective
antigen-binding part of the monoclonal antibody.'*

Complement or antibody-dependent cell-mediated cyto-
toxicity, which has been observed in vitro with adalimumab,
etanercept, and infliximab,'* was not seen in certolizumab as it
lacks an Fc region. Certolizumab pegol binds to TNF and pre-
vents its interaction with specific receptors, thus neutralizing it.
Certolizumab pegol has been demonstrated to be more potent
at neutralizing membrane-bound TNF than etanercept and
more potent at neutralizing soluble TNF than adalimumab and
infliximab." Tt lacks an Fc portion and is therefore unable to
fix complement or to lyse cells with surface-bound TNEF, in
contrast to infliximab and adalimumab.'® Certolizumab pegol
does not bind to lymphotoxin (TNFp), as it is derived from a
monoclonal antibody, in contrast to etanercept.” It is also the
only anti-TNF agent that does not kill activated lymphocytes
and monocytes by apoptosis or increase levels of degranulation
and necrosis of granulocytes in vitro.'®

Key studies of certolizumab

Phase Il studies

The first Phase II study was published in 2002." It was
a double-blinded, randomized, placebo-controlled trial;
36 patients were randomized into two groups. One group
received a single intravenous infusion of placebo and the other
group received a single ascending dose of 1, 5, or 20 mg/kg
of certoilizumab.

The trial studied patients with severe active disease who had
more than three swollen and six tender joints and an erythro-
cyte sedimentation rate (ESR) of >28 mm/hour. The response
was measured according to ACR response criteria where an
ACR20 indicated a 20% clinical improvement from baseline
after treatment and an ACR50 and ACR70 indicated a 50% or
70% improvement, respectively. An ACR20 was designed to
show difference between drug and placebo, while ACR50 and
ACR70 responses were clinically meaningful to patients."

The study showed a dose dependent response, the 1 mg/kg
dose being no better than placebo, but there was a significant
response at the higher doses. The 20 mg/kg dose showed no
clear benefit over the 5 mg/kg dose in the ACR20 response
(75% vs 75%, respectively, at 8 weeks), but did show an
increase in the number of patients achieving an ACR50 (50%
and 13% respectively at 8 weeks). The treatment was well
tolerated, with no infusion-related reactions."

A second Phase II study was of subcutaneous certolizumab.
It was a randomized, double-blind, placebo-controlled trial.
Patients were given 50, 100, 200, or 400 mg of certolizumab
or placebo subcutaneously every 4 weeks for 12 weeks. The
response was measured using the ACR criteria. Patients
receiving 400 mg achieved an ACR20 of 60%, ACR50 of
40%, and ACR70 of 29% at 12 weeks which showed clear
dose response. Patients receiving 400 mg also had an improve-
ment in their health-related quality of life and the drug was
well tolerated.!**

Key Phase lll trials

The key Phase III trials comprised RAPID 1, RAPID 2,%
and FAST4AWARD.? They explored the use of certolizumab
as a monotherapy and also in combination with methotrexate
using various dose regimes (Table 1).

RAPID I (Rheumatoid Arthritis Prevention of Structural
Damage 1) evaluated the efficacy and safety of two doses
of certolizumab with methotrexate, or placebo with metho-
trexate in patients with active rheumatoid arthritis and an
inadequate response to methotrexate alone. This 52-week
trial involved 982 patients who were randomized to receive
subcutaneous certolizumab at an initial dosage of 400 mg
given at weeks 0, 2, and 4, with a subsequent dose of 200 mg
or 400 mg given every 2 weeks together with methotrexate,
or placebo plus methotrexate. The entry criteria comprised
nine or more tender joints, nine or more swollen joints, and
an ESR of 30 mm/hour or more or C-reactive protein (CRP)
of 1.5 mg/dL or more. Disease duration was from 6 months
to 15 years (Table 1).

At week 24, ACR20 response rates for the certolizumab
200-mg and 400-mg groups were 59% and 61% respectively
compared with 14% for the placebo group (P < 0.001;
Table 2). Differences in ACR20 response rates compared
with placebo were sustained until 52 weeks (P < 0.001).

RAPID 2 was another double-blind, randomized,
placebo-controlled study. It enrolled 619 patients with active
rheumatoid arthritis who had inadequate responses to metho-
trexate therapy (Table 1). The patients were randomized 2:2:1
to receive certolizumab 200 mg with methotrexate (n = 246),
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Certolizumab 200 mg/2 weeks
Certolizumab 400 mg/2 weeks

Doses
Placebo

ESR = 30 mm/h or CRP = |.5 mg/dL

Activity at entry
=9 tender joints
=9 swollen joints

6 months methotrexate

Prior treatment

with a stable dose
of =10 mg/week

Disease duration
6 months to |5 years
for 2 months

Design
3-group RCT
(with methotrexate)

Duration
52 weeks

Number
982

Year
2008

Table | Key trials of certolizumab

Trial
RAPID |

Certolizumab 200 mg/2 weeks
Certolizumab 400 mg/2 weeks

Placebo

=9 tender joints

6 months methotrexate

with a stable dose
of =10 mg/week

6 months to 15 years

3-group RCT

24 weeks

619

2008

RAPID 2%

=9 swollen joints

(with methotrexate)

ESR = 30 mm/h or CRP = |.5 mg/dl

for 2 months
Failed =1

=9 tender joints Certolizumab 400 mg/4 weeks

6 months to |5 years

2-group RCT

24 weeks

220

2009

FAST4WARD?*

Placebo

=9 swollen joints

DMARD

(monotherapy)

ESR = 30 mm/h or CRP = |.5 mg/dL

Abbreviations: CRP, C-reactive protein; DMARD, disease modifying anti-rheumatic drug; ESR, erythrocyte sedimentation rate; RCT, randomized controlled trial.

certolizumab 400 mg with methotrexate (n = 246), or placebo
with methotrexate (n = 127) every 2 weeks for 24 weeks. The
primary outcome measure was ACR 20 response at week 24
(Table 2). The ACR20 response at week 24 was achieved
in 57%, 58%, and 9% of patients on certolizumab 200 mg,
400 mg, and placebo respectively (P = 0.001; Table 2).

Treatment with certolizumab plus methotrexate was
also associated with significant improvement in Disease
Activity Score (DAS)28 (ESR) from baseline vs placebo. At
week 24 the mean changes were 200 mg —2.27 (SD 1.38),
400 mg, —2.46 (SD 1.31) and placebo —0.50 (SD 1.05).
DAS28 remission (with DAS28 scores under 2.6) was seen in
9% of patients treated with certolizamab 200 mg or 400 mg
respectively at week 24, compared with 1% of patients in the
placebo group (P < 0.05; Figure 1).

The final trial, FAST4WARD, was a 24-week, random-
ized, double-blind, placebo-controlled study evaluating
certolizumab as monotherapy in 220 patients who had previ-
ously failed one or more DMARDs. Patients were aged 18
to 75 years, and had adult onset rheumatoid arthritis by the
1987 ACR criteria?* of >6 months duration. Disease duration
was from 6 months to 15 years. Disease activity entry criteria
were the same as RAPID 1 and RAPID 2 (Table 1).

Patients were randomized to receive subcutaneous
certolizumab 400 mg (n = 111) or placebo (n = 109) every 4
weeks. The primary end-point was ACR20 response rates at
week 24. This was achieved by 46% of the certolizumab group
and 9% of the placebo group (P < 0.001). ACR50 and ACR70
at week 24, using non-responder imputation, were significantly
higher for certolizumab than placebo (23% vs 4%, P < 0.001
and 6% vs none, P < 0.05 respectively; Table 2).

Effect on function

At week 24 significantly more patients in the certolizumab
treatment groups reported improvements in patient reported
outcomes (PROs) including fatigue measured by the Fatigue
Assessment Scale (FAS), arthritis pain measured on a visual
analog scale (VAS) and physical function measured using the
Health Assessment Questionnaire (HAQ).? The beneficial
effects of certolizumab were similar between the 200 mg and
400 mg dose levels with no significant difference between
treatment groups in any PROs? (Table 3).

In addition at week 24 63% of certolizumab 200 mg
treated patients reported clinically meaningful improvements
in one or more PROs compared with 13% in placebo groups.
Approximately 23% of all certolizumab-treated patients
reported clinically meaningful improvements in all three
PROs compared with 3% in placebo groups.?
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Table 2 American College of Rheumatology responders in key trials

Trial Year Endpoint Group Patients ACR20 ACR50 ACR70
RAPID 1% 2008 24 weeks Certolizumab 400 mg 390 60.8% 39.9% 20.6%
Certolizumab 200 mg 393 58.8% 37.1% 21.4%
Placebo 199 13.6% 7.6% 3.0%
RAPID 2% 2008 24 weeks Certolizumab 400 mg 246 57.3% 32.5% 15.9%
Certolizumab 200 mg 246 57.3% 32.5% 15.9%
Placebo 127 8.7% 3.1% 0.8%
FASTAWARD? 2009 24 weeks Certolizumab 400 mg Il 45.5% 22.7% 5.5%
Placebo 109 9.3% 3.7% 0%

Abbreviation: ACR, American College of Rheumatology.

Significant reductions in fatigue were reported by patients
receiving certolizumab monotherapy compared with pla-
cebo at Week 1 (P < 0.01) and were sustained to week 24
(P < 0.001; Table 3). Meaningful reductions in fatigue were
reported by 46% of certolizumab patients compared with
17% of placebo patients (P < 0.001).

Patients treated with certolizumab 400 mg monotherapy
reported statistically significant improvements in physical
function assessed by HAQ compared with patients receiving
placebo from week 1 (-=0.23 vs 0.04, respectively) through
week 24 (—0.36 vs 0.13; P < 0.001 for both time points)
(Table 3). By study end point at week 24, 49% of patients
receiving certolizumab reported clinically meaningful
improvements in physical function compared with 12% of
those receiving placebo (P < 0.001).

Efficacy of certolizumab in systematic
reviews

A Cochrane review published in 2009 assessed the effectiveness
and safety of certolizumab in patients with rheumatoid arthritis
who had not responded well to conventional DMARDs.? It
evaluated randomized controlled trials that compared certoli-
zumab with placebo or methotrexate in adult patients with
active theumatoid arthritis despite current or prior treatment
with conventional DMARDs, such as methotrexate.

OPlacebo mCertolizumab 200 m Certolizumab 400

1
Fast4ward ]

-—I

Rapid 2

-—I

Rapid 1

0 05 1 15 2 25 3
Improvement in DAS28

Figure | Mean changes in DAS28 in key trials.
Abbreviation: DAS, Disease Activity Score.

Five trials were included. The systematic review analyzed
2394 people for effectiveness. The duration of follow-up was
from 12 to 52 weeks, and the doses of certolizumab pegol
ranged from 50 to 400 mg subcutaneously. In three trials the
control was placebo plus methotrexate*' 3 and in two trials
it was just placebo.!*

Significant improvements were observed at 24 weeks with
the approved dose of 200 mg certolizumab. ACRS50 risk ratios
(RR) were 6.01 (95% CI: 3.84-9.40) with an absolute benefit
0f29% (95% CI: 25%—34%). The number needed to treat to
obtain benefit (NNTB) was 4 (95% CI: 3-5) and the HAQ
mean difference was —0.39 (95% CI: —0.45—-0.32).

At 52 weeks the results were quite similar: ACR50 RRs
were 5.27 (95% CI: 3.19-8.71), HAQ mean difference —0.42
(95% CI: —=0.52—-0.32).

A comparative meta-analysis against other anti-cytokine
agents has been undertaken by Launois et al.”’ In their meta-
analysis, using the random-effects model which takes heteroge-
neity into account, certolizumab showed the highest odds ratio
(OR) for ACR20 responses (OR: 11.82, 95% CI 5.98-21.71).
Certolizumab also had the highest OR for ACR50 and ACR70
responses. In the main, the differences in ORs between different
anti-cytokine treatments did not achieve statistical significance,
but are an interesting finding, which might represent either a
treatment benefit, trial design, or both.

Effects on erosive damage

Radiographic damage is believed to start early in the dis-
ease course of rheumatoid arthritis®® and therefore early
intervention is vital.? The widespread use of biologics has
necessitated improved outcome measures. TNF inhibitors
have changed the therapeutic goals in rheumatoid arthritis
not only by relieving signs and symptoms but also by induc-
ing remission. The value of structural damage and physical
function as outcome measures is increasingly recognized,
since damage is related to function, which affects quality
of life.** Radiographic damage in patients with rheumatoid
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Table 3 Changes in fatigue, pain, and disability in key trials

Trial Outcome Placebo Certolizumab 200 mg Certolizumab 400 mg
RAPID | (week 52)® Fatigue (FAS) -0.8 (0.2) —2.6 (0.1)* -2.5 (0.1)*

Arthritis pain (VAS) —8.8 (1.6) -31.0 (1.2)* -33.5 (1.2)%

Physical function (HAQ-DI) —0.18 (0.04) —0.60 (0.03)* -0.63 (0.03)*
RAPID 2 (week 24)* Fatigue (FAS) —0.5(0.2) —2.0 (0.1)* -2.2 (0.1)*

Arthritis pain (VAS) —4.7 (1.9) —23.7 (1.4)* —26.1 (1.4)*

Physical function (HAQ-DI) —0.14 (0.04) —0.50 (0.03)* —0.50 (0.03)*
FASTAWARD (week 24)? Fatigue (FAS) -0.3 - —-1.7%

Arthritis pain (VAS) 1.7 - —20.6*

Physical function (HAQ-DI) 0.13 - —0.36*

Notes: Mean changes (standard deviations) are shown; *P < 0.001 compared with placebo.
Abbreviations: FAS, Fatigue Assessment Scale; VAS, visual analog scale; HAQ-DI, Health Assessment Questionnaire Disability Index.

arthritis has become an important outcome measure in
clinical trials. An association between disease activity and
radiographic damage has been demonstrated in several
studies.’'33 Radiographs of hands and feet are easy and
inexpensive to perform, and standard methodologies are
available to measure progression. They are assessed using
the Sharp/van der Heijde method** or the Larsen method,*
which quantifies erosions and joint space narrowing.
RAPID 1 evaluated the efficacy and safety of certoli-
zumab in combination with methotrexate. A decrease in
radiographic progression was evident at 52 weeks for both
dosage regimens, despite the fact that 60% of the patients
in the placebo group withdrew at week 16 and entered the
open-label certolizumab treatment.??

RAPID 2 followed the same dosage regimen as RAPID 1,
but the primary end-point was ACR20 at week 24 in a
population of 619 patients with rheumatoid arthritis.
Radiographic findings in RAPID 2 showed that in patients
treated with certolizumab 200 mg the mean changes from
baseline in the van der Heijde modified Total Sharpe Score at
week 24 in the 200 mg certolizumab, 400 mg certolizumab,
and placebo plus methotrexate groups were 0.2, —0.4, and
1.2 respectively. Changes on certolizumab treatment were
both significantly less than those with placebo and metho-
trexate (P < 0.01).

Certolizumab plus methotrexate therapy inhibited the
progression of structural damage to a greater extent than
placebo plus methotrexate therapy. At week 52, mean
radiographic progression from baseline was reduced in
patients treated with certolizumab 200 mg (0.4 Sharp units)
or 400 mg (0.2 Sharp units) compared with that in placebo-
treated patients (2.8 Sharp units) (P < 0.001; Figure 2). The
trial showed that the drug had slowed mean radiographic
progression from baseline by week 52 and improved physical
function as early as week 1.

Economic considerations

Kavanaugh et al undertook an evaluation of the economic
outcomes in the RAPID 1 and RAPID 2 trials.’® At baseline
40% to 42% of patients were employed outside the home.
Certolizumab significantly reduced work absenteeism and
presenteeism among patients working outside the home com-
pared with placebo. It also significantly reduced the number
of household days lost, household days with productivity
reduced by 50% or more, and lost participation in family,
social, and leisure activities. Improvements were seen by
4 weeks and continued for up to 12 months.

Detailed cost-effective analyses have been undertaken in
the UK in research commissioned by the National Institute
For Health and Clinical Excellence.?” As a number of differ-
ent analytical approaches have been used there is a range of
different conclusions, depending on the assumptions made
in the various models. The most useful analysis is probably
the probabilistic sensitivity analysis. This showed that the
probability of certolizumab pegol with methotrexate being
cost effective at a willingness-to-pay threshold of £20,000 per

3 5

25 1
ORAPID 1
21 ERAPID 2

1.5 1
14
0.5 1

: |

0.5 -

N B

CZP 400 mg

Change in modified total sharp score

Placebo CZP 200 mg

Figure 2 Mean changes in radiographic scores in key trials.
Abbreviation: CZP, certolizumab pegol.
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quality adjusted life-year gained was 49%. The probability
of certolizumab monotherapy being cost effective at £20,000
per quality adjusted life-year gained was 46%.%

Adverse events

The adverse events reported in the key clinical trials*'> are
summarized in Table 4. The majority of adverse events were
mild or moderate. Over half the patients in both treatment
and placebo groups reported one or more adverse event.
However, serious adverse events were seen in about 3% of
placebo-treated patients and about 7% of patients receiving
different doses of certolizumab.

Adverse events reported in more than 5% of patients
taking certolizumab included headache, nasopharyngitis,
upper respiratory tract infections, diarrhea, and sinusitis.?* 2
A range of serious adverse events were reported with cer-
tolizumab including bacterial arthritis, mastitis, benign
parathyroid tumor, postural dizziness, ischemic stroke, and
menorrhagia. Overall, within the limited duration of exposure
in the trials, the adverse event profile for certolizumab was
comparable with other TNF inhibitors.?!"%

A systematic review of trials of certolizumab has evalu-
ated safety in 2094 people in five trials.” Serious adverse
events were more frequent for certolizumab pegol 200 mg
(Peto OR: 2.02, 95% CI: 1.24-3.30). The most common
adverse events with certolizumab 200 mg were upper respi-
ratory tract infections (Peto OR: 2.21, 95% CI: 1.15-4.25);
hypertension (Peto OR: 2.81, 95% CI: 1.38-5.75), and
nasopharyngitis (Peto OR: 2.71, 95% CI: 1.30-5.66).

Finally, a network meta-analysis by Singh et al*® compared
adverse effects with a number of TNF inhibitors (etanercept,
adalimumab, infliximab, golimumab, and certolizumab),
interleukin (IL)-1 antagonist (anakinra), IL-6 antagonist
(tocilizumab), anti-CD28 (abatacept), and anti-B cell (ritux-
imab) therapy in patients with any disease condition except
human immunodeficiency disease. This network meta-analysis
used mixed-effects logistic regression, and an arm-based,
random-effects model within an empirical Bayes framework.
This analysis included 163 trials with 50,010 patients and
46 extension studies with a further 11,954 patients. After
adjusting for dose, biologics as a group were associated with
a statistically significant higher rate of total adverse events
(OR: 1.19, 95% CI: 1.09—1.30). The rates of serious adverse
events, serious infections, lymphoma, and congestive heart
failure were not statistically different between biologics and
control treatment. However, certolizumab was associated with
significantly higher risk of serious infections compared with
control treatment (OR: 3.51, 95% CI: 1.59-7.79).

Table 4 Adverse effects in Phase lll trials

FAST4WARD (%)2

RAPID 2 (%)*

Placebo!
(n=127)

RAPID | (per 100 patient-years)?®

Placebo!
(n=199)

Certolizumab

400 mg

Placebo

Certolizumab

400 mg!

Certolizumab

200 mgt

Certolizumab

400 mgt

Certolizumab

200 mgt

(n=109)

(n=111)
75.7

(n =246)

50.8
41.1

(n = 246)

56.0

(n =1390)

94.5

(n=1393)

96.6

57.8

52.8

125.9

Any AE

55.9
46.8
72
72
0.0
4.5

394
36.7
10.1
2.8
0.0
1.8

322
57
0.4
2.8

7.3

43.5
24.6
6.9
7.3
0.4
4.8

80.6 36.0
56.2 25.6
12.1 4.0
15.2 3.2
1.3 0.0
7.0 1.6

80.4
57.4
10.5
14.8
5.6

0.7

98.5
722
14.2
12.0
1.1
33

AE leading to death
AE leading to

Moderate AE
Severe AE
Serious AE
withdrawal

Mild AE

1.8
0.0

0.0

24
0.8

32
1.2

0.0
0.0

7.3

5.3

2.2
0.0

Serious infections

TB infection

0.0

1.0

0.7

Note: Plus methotrexate.

Abbreviations: AE, adverse event; TB, tuberculosis.
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Conclusions

There is strong evidence from large clinical trials that certoli-
zumab combined with methotrexate or used as a monotherapy
improves the signs and symptoms of rheumatoid arthritis
within 1-2 weeks of treatment starting. It also inhibits the
progression of structural joint damage within 4 months of
treatment starting. Finally it improves physical function
and reduces pain and fatigue within the first few weeks of
treatment. The trials show these benefits are sustained for
12 months and it is likely that they continue beyond 1 year.
Certolizumab increases the number of adverse events with
statistically significant increases in the number of serious
adverse events, infections, and hypertension. There are lim-
ited data about its long-term safety but currently there are
no causes for concern.

The systematic reviews show some evidence that cer-
tolizumab may have both greater efficacy in terms of ACR
responders and greater toxicity in terms of serious infections.
There are several explanations for these two findings but the
most likely one is differences in trial design and patients
studied. The differences are small and the balance of evidence
suggests that the five available TNF inhibitors are similar
with no clear reason to choose one over another.* However,
there are several reasons why it is advantageous to have
several TNF inhibitors available. Firstly it increases patient
choice, as the frequency and route of administration varies.
Secondly, as intolerance and antibody development against
existing biologics is not uncommon, it offers opportunity to
switch from one TNF inhibitor to another. There is evidence
that this is useful when patients have adverse effects or treat-
ment failure.**

Certolizumab has structural characteristics which may
theoretically confer advantages. Since it consists only of
the Fab component of an antibody and lacks the Fc portion,
it cannot fix complement or lyse cells with surface-bound
TNF-a, unlike infliximab and adalimumab.'? It is also the
only TNF inhibitor that does not induce apoptosis of activated
lymphocytes and monocytes or degranulation and loss of
neutrophil viability in vitro.**** The Fab component is bound
to a PEG moiety, which increases its half-life and may reduce
the likelihood of anti-drug antibody formation compared with
conventional chimeric monoclonal antibodies.*** Reduced
immunogenicity, due to humanization and PEGylation, may
result in a decreased likelihood of severe allergic reactions,
and also reduced development of neutralizing antibodies.*

It is too early to say how certolizumab will eventually be
used to treat rheumatoid arthritis. We believe there is a place
for another TNF inhibitor, and have presented the arguments

in its favor. However, there is a diversity of opinion with
some commentators taking more negative views.*> While
there is no evidence that certolizumab is markedly more
effective than other TNF inhibitors, the presence of several
effective agents is likely to focus attention on their relative
costs; and continuing downward pressures on their costs
should have substantial positive benefits on their relative
cost-effectiveness.
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