Certolizumab pegol for rheumartoid arthritis: effective in

combination with methotrexate or as monotherapy

TNF plays an important role in several disease states, including rheumatoid arthritis. Biologic agents that
specifically target TNF have revolutionized the treatment of rheumatoid arthritis. Traditional anti-TNF
agents have provided significant clinical benefit. However, patient responses to these agents in clinical
practice may be variable and additional agents are needed. Certolizumab pegol is the only PEGylated
anti-TNF that is now approved for the treatment of patients with rheumatoid arthritis. This article
summarizes the published efficacy, safety and patient-reported health outcome results for certolizumab
pegol in the treatment of patients with active rheumatoid arthritis who have experienced an inadequate
response to treatment with DMARDs, including methotrexate.
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Rheumatoid arthritis (RA) is estimated to affect
5 million people worldwide [1] with 0.3-1% of
the population in industrialized countries suf-
fering from RA [2]. The development of RA is
associated with increasing age and female gen-
der, with the prevalence among women being
approximately two-times greater than in men [3).

Although the etiology of RA remains unclear,
the inflammation and joint damage associated
with the disease are known to be partially medi-
ated by TNF [4-¢]. The development of biologic
agents that target specific elements of the inflam-
mation cascade, particularly TNF inhibitors,
has therefore, revolutionized the management
of RA. Clinical trials have focused on improve-
ments in signs and symptoms and physical func-
tion, as well as the inhibition of structural dam-
age [7-10]. Clinical guidelines from the American
College of Rheumatology (ACR) recommend
that these therapies are used in combination
with methotrexate (MTX) for the best results,
in patients with early RA who have high disease
activity with features of a poor prognosis and
who have not previously received DMARD:,
and in patients with established disease with
features of a poor prognosis who have had an
inadequate response to nonbiologic DMARD:s,
including MTX [11].

The demonstration that DMARDs are more
effective if used early rather than later in disease
progression, has led to crucial changes in RA
management goals. In the EU, the European
League Against Rheumatism recommends dis-
ease remission as the main treatment goal for
RA in order to prevent structural damage and
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long-term disability, with biologic therapy in

combination with MTX providing superior

clinical and radiological efficacy over mono-

therapy [12]. However, individual patient

responses to biologic therapies are variable

and achieving remission depends on the initial

level of disease activity. Some patients never

achieve a response and for those who respond
initially, efficacy to one or all of the available
agents may decline. Furthermore, tolerability
issues may necessitate the need to switch agents
or discontinue treatment [13,14].

Overview of the market
Biologic therapies & unmet needs

There are three traditional TNF inhibitors for
use in RA: infliximab (Remicade®; Centocor,
Inc., PA, USA), adalimumab (Humira®; Abbott,
IL, USA) and etanercept (Enbrel®; Amgen, CA,
USA and Wyeth, NJ, USA). Although they have
not been compared in head-to-head trials, all
three have shown similar efficacy in randomized,
controlled clinical trials in RA, as monotherapy
(adalimumab and etanercept) or, more effect-
ively, in combination with MTX [15]. Infliximab
is a chimeric monoclonal antibody, adalimumab
is a human monoclonal antibody and etanercept
is a soluble receptor construct [16]. The differ-
ence in the structure of these agents contrib-
utes to their different pharmacokinetics and
safety profiles [10,17-20]. In addition, abatacept
(Orencia®; Bristol-Myers Squibb, NY, USA),
a T-cell costimulation antagonist, rituximab
(Rituxan® MabThera®; Genentech, CA, USA,
Biogen Idec, Inc., MA, USA), a B-cell depleting
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agent, and anakinra (Kineret®; Amgen), an
IL-1 receptor antagonist, are available for use
in RA. However, rituximab is only approved
for use after the failure of TNF inhibitors and
anakinra is approved for patients who have failed
one or more DMARD. Not all patients achieve
a response to or tolerate these agents and any
initial response or tolerability, to one or all of
the therapies, may be lost over time. There is,
therefore, a need for additional RA therapies.

New biologics for RA

Certolizumab pegol (Cimzia®; UCB, Brussels,
Belgium) is a humanized, PEGylated anti-TNF
Fab’ fragment that is approved in the USA for
the treatment of patients with Crohn’s dis-
ease and moderately to severely active RA [21].
Golimumab (Simponi™, Centocor, Inc., PA,
USA), which like adalimumab is a human
monoclonal anti-TNF antibody [22], was also
recently approved for the treatment of RA, and
tocilizumab, a humanized monoclonal anti-
body that targets the IL-6 receptor, is in late
development [23].

Introduction to certolizumab pegol
Certolizumab pegol is the only PEGylated,
Fc-free anti-TNF approved for the treatment of
RA. It consists of a humanized Fab” fragment
fused to a 40-kDa poly(ethylene glycol) (PEG)
moiety; the attachment of PEG to the Fab” frag-
ment increases its half-life, allowing a minimum
dosing interval of 2 weeks.

Preclinical characteristics
Like the traditional TNF inhibitors, certoli-
zumab pegol effectively neutralizes soluble and
membrane TNF-a [24] and potently inhibits
TNF-a signaling via both the p55 and p75
receptors iz vitro [25]. However, by contrast to
adalimumab and infliximab, certolizumab pegol
does not contain an Fc region. The lack of an
Fc portion may avoid potential Fc-mediated
effects, such as complement (CDC)- or anti-
body (ADCC)-dependent cell-mediated cyto-
toxicity; indeed, in witro studies found that
certolizumab pegol did not mediate CDC and
ADCC while adalimumab and infliximab
did [24). Furthermore, certolizumab pegol,
unlike adalimumab and infliximab, did not
cause apoptosis of activated peripheral blood
lymphocytes or monocytes in vitro; certolizu-
mab pegol also inhibited cytokine production
with greater potency than the other TNF inhibi-
tors [24]. In addition, and of potential relevance
for RA, certolizumab pegol was shown to have
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enhanced penetration and retention in inflamed
tissues compared with noninflamed tissues in
animal models [26].

Studies in rat models have shown that the PEG
derived from certolizumab pegol is distributed
to all of the major organs, but does not cross the
blood-brain barrier. It has a plasma half-life of
approximately 2 weeks and the distribution is not
influenced by target site binding [27]. In animal
models, excretion of the PEG primarily occurs
by the renal route; and after cleavage of the Fab’
fragment from the 40 kDa PEG, the PEG is then
excreted with no further metabolism. Mean uri-
nary and fecal excretion was 83% after 84 days of
administration, with extrapolation to a final total
of more than 90% [27]. There is no evidence of
accumulation. Data from mouse models indicate
that the biliary route may account for 1% of the
40 kDa PEG dose excretion, but this remains to
be confirmed [28].

Clinical efficacy

The efficacy and safety of certolizumab pegol in
combination with MTX or as monotherapy has
been investigated in adult patients with active
RA. The results of the published pivotal studies

are summarized below.

Phase Il trials

In a Phase II, double-blind, ascending dose
group study, 36 patients with active RA were
randomized to receive placebo or certolizumab
pegol at 1, 5 or 20 mg/kg as a single infu-
sion [29]. Patients had received an average of five
DMARD:s or experimental therapies prior to
study entry and the mean duration of RA was
13 years. Certolizumab pegol demonstrated sig-
nificant efficacy with 66.7 or 58.3% of patients
who received certolizumab pegol achieving an
ACR20 response after 4 or 8 weeks of treatment,
respectively, compared with 16.7% of patients in
the placebo group (Taste 1).

Phase Ill trials
Study designs & patient characteristics
Certolizumab pegol in combination
with MTX
The efficacy and safety of certolizumab pegol was
evaluated in combination with MTX in patients
with active RA. The RA prevention of structural
damage (RAPID) 1 (30] and 2 [31] trials were
double-blind, placebo-controlled, randomized
trials of 52 and 24 weeks” duration, respectively,
which examined the efficacy of two dose regi-
mens of certolizumab pegol as add-on therapy
to MTX in improving the signs and symptoms
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Certolizumab pegol for rheumatoid arthritis

Treatment

Week 4
Placebo (n = 12) 16.7%
CZP (n = 24)" 66.7%
p-value* 0.012

ACR20
Week 8 Week 4
16.7% 0%
58.3% 25%
0.032 0.079

“Combined CZP group; the CZP 1 mg/kg group, CZP 5 mg/kg group and CZP 20 mg/kg group contained eight patients each.
*Combined CZP treatment effect versus placebo. Comparison of the pooled active groups versus placebo was made using a two-tailed closed testing procedure at a

significance level of 5%. For detailed analyses, refer to [29].

ACR: American College of Rheumatology, CZP: Certolizumab pegol.

of RA and preventing radiographic progression.
Eligible patients (aged >18 years with a diagno-
sis of adult-onset RA) were randomized 2:2:1
to receive subcutaneous certolizumab pegol
(400 mg at weeks 0, 2 and 4, followed by 200 or
400 mg every 2 weeks) plus MTX, or placebo
plus MTX. Oral corticosteroids (<10 mg/day
prednisone equivalent) and nonsteroidal anti-
inflammatory drugs/cyclooxygenase-2 inhibitors
were permitted provided the doses were stable
within 28 and 14 days of baseline, respectively,
and remained stable during the study.

Two formulations of certolizumab pegol were
investigated; a lyophilized formulation of certol-
izumab pegol was used in RAPID 1 and a liquid
formulation was used in RAPID 2. All patients
were maintained on a stable dose of MTX
(=10 mg/week) for the duration of the studies.
In consideration of disease severity, patients who
were ACR20 nonresponders at both weeks 12
and 14 were to be withdrawn from RAPID 1
or 2 and allowed to enter an open-label exten-
sion study of certolizumab pegol plus MTX at
week 16.

In total, 982 and 619 patients were random-
ized to treatment in RAPID 1 and 2, respect-
ively; patient demographics and disease charac-
teristics in both studies were comparable (Tapie2).
The ACR20 response rate at week 24 was a co-
primary end point of RAPID 1 and the primary
study end point in RAPID 2. Change from base-
line in the modified total sharp score (mTSS) at
week 52 was the second co-primary end point
of RAPID 1. Major secondary end points in
both studies included measures of radiographic
progression at week 24, physical function and
patient-reported outcomes.

Certolizumab pegol monotherapy

The efficacy and safety of certolizumab pegol
as monotherapy was also evaluated for the
treatment of RA in the 24-week, randomized,
double-blind, placebo-controlled efficacy and
safety of certolizumab pegol — 4 weekly dosage
in rheumatoid arthritis (FASTAWARD) study
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in adult patients with active RA who had failed
at least one prior DMARD [32]. Patients enrolled
in this trial were aged 18—75 years with adult-
onset active RA and were randomized to receive
a lyophilized formulation of subcutaneous
certolizumab pegol 400 mg (n = 111) or pla-
cebo (sorbitol; n = 109) at baseline and every
4 weeks (patient demographics are shown in
Tasie 2). In FASTAWARD, 82% of randomized
patients had prior exposure to MTX and patients
were allowed to receive concurrent oral cortico-
steroids (prednisone equivalent <10 mg/day,
stable for at least 4 weeks prior to enrolment
and during the study); other corticosteroids were
prohibited. As with the RAPID studies, the pri-
mary end point of the FASTAWARD study was
the ACR20 response rate at week 24; secondary
end points included ACR50/70 responses, ACR
component scores, patient-reported outcomes
(including physical function, health-related
quality of life, pain and fatigue) and safety.

Clinical results

Effects on signs & symptoms of RA
Certolizumab pegol, when dosed either in
combination with MTX or as monotherapy,
significantly reduced the signs and symptoms
of RA (FIGURE 1).

In the RAPID 1 and 2 trials, differences in
ACR20 responses for patients receiving certoli-
zumab pegol plus MTX were significantly higher
than those for patients receiving placebo plus
MTX (FIGURE 1A). At week 24 in RAPID 1, ACR20
response rates were 58.8% with certolizumab
pegol 200 mg and 60.8% with certolizumab
pegol 400 mg given every 2 weeks versus 13.6%
with placebo. Differences in ACR50 and ACR70
responses were significantly higher than placebo
atweek 24 in the RAPID 1 trial (Ficure 14). Similar
ACR20, ACR50 and ACR70 response rates were
observed in the RAPID 2 trial (Ficurs 14).

In the FASTAWARD study, monotherapy
with certolizumab pegol 400 mg every 4 weeks
yielded an ACR20 response rate for the modified
intention-to-treat population of 45.5 versus 9.3%
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Table 2. Demographic and disease characteristics of the Phase Il studies.

Baseline characteristics RAPID 1 RAPID 2 FASTAWARD
(n =982) (n =619) (n = 220)

Age in years, mean (SD) 52.0 (11.6) 51.9 (11.5) 53.8 (12.2)

Female, % 83.2 81.6 83.6

Disease duration in years, mean (SD) 6.1(4.3) 6.2 (4.2) 9.5(8.9)

RF-positive (=14 1U/ml), % 81.8 76.9 100

MTX dose (mg/week), mean 13.6 12.5 n/a

Number of previous DMARDs, mean 1.3 1.2" 2.0

Tender joint count, mean (SD) 30.7 (12.9) 30.2 (14.0) 29.0 (13.1)

Swollen joint count, mean (SD) 21.5(9.8) 21.0(9.8) 20.5(9.7)

HAQ-DI, mean (SD) 1.7 (0.6) 1.6 (0.6) 1.5(0.6)

CRP mg/I, geometric mean (CV) 14.7 (144.2) 13.6 (180.9) 11.5(233.1)

DAS28(ESR), mean (SD) 6.9 (0.8) 6.8 (0.8) 6.3(1.0)

‘Number of previous DMARDs excluding MTX.

CRP: C-reactive protein, CV: Coefficient of variation, DAS28(ESR): Disease activity score-28 (erythrocyte sedimentation rate); HAQ-DI: Health assessment

questionnaire — disability index; MTX: Methotrexate, n/a: Not applicable; RF: Rheumatoid factor; SD: Standard deviation.

for the placebo group at week 24 (p < 0.001).
ACR50 and ACR70 responses for patients
treated with certolizumab pegol monotherapy
were also significantly higher compared with
placebo (FIGURE 1B).

Response to certolizumab pegol was rapid when
dosed in combination with MTX in RAPID 1
and 2 or as monotherapy in FASTAWARD. In
all trials, the ACR20 response was significantly

A Combination therapy

RAPID 1 RAPID 2

B Placebo + MTX (n = 199)
B czP 200 mg + MTX (n = 393)
CZP 400 mg + MTX (n = 390)

B Placebo + MTX (n = 127)
M cZzP 200 mg + MTX (n = 246)
CZP 400 mg + MTX (n = 246)

greater at week 1 with certolizumab pegol (with
MTX or alone) than with placebo (with MTX or
alone), and the differences in ACR20 responses
remained significant through the end of all
studies (week 52 in RAPID 1 and week 24 in
RAPID 2 and FAST4WARD) (Ficure 2). Patients
receiving certolizumab pegol experienced signifi-
cantly greater percentage improvements in all
ACR core components relative to those treated

B Monotherapy

FAST4WARD

B Placebo (n = 109)
CZP 400 mg (n = 111)

80 - 80 - 80-
60.8*

60 A 58.8* 60 - 573*576* 60+

S 455+
39.9%

£ 40 - 37.1% 401
kS
P 22.7*

204436 20-

9.3
7.6 3.7 5.5
: 0
N JH = |
ACR20 ACR50 ACRT70 ACR20 ACR50 ACR70 ACR20 ACR50 ACR70

Figure 1. ACR response rates at week 24 in patients treated with certolizumab pegol. Meaningful improvements were observed
in ACR20/50/70 responses in patients treated with (A) CZP plus MTX or (B) CZP monotherapy. Treatment comparisons of ACR20/50/70
responses between the CZP group(s) and placebo were calculated using logistic regression with treatment and geographic region as
factors in the RAPID trials or a Cochran—Mantel-Haenszel test stratified by country in the FASTAWARD trial. For detailed analyses, refer
to the primary publications [30-32].

“p < 0.001; *p < 0.01; 5p < 0.05.

ACR: American College of Rheumatology; CZP: Certolizumab pegol; MTX: Methotrexate.

Adapted and reproduced with permission of John Wiley & Sons, Inc. from [30] (Copyright © 2008) and adapted and reproduced with
permission from the BMJ Publishing Group from [31,32].
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with placebo (Tasie 3). These improvements were
observed as early as week 1 and were sustained
throughout all trials (Taeee3). In the RAPID trials,
improvements were similar in the certolizumab

pegol 200 or 400 mg plus MTX groups.

Inhibition of progression of

structural damage

The ability of certolizumab pegol plus MTX to
inhibit the progression of structural joint dam-
age was investigated in RAPID 1 and 2. In both
trials, the progression of structural joint damage
was significantly inhibited by certolizumab pegol
plus MTX (Fieure 3). After 52 weeks of therapy in
RAPID 1, the changes from baseline in mTSS,
erosion scores (ES) and joint space narrowing
(JSN) scores were significantly lower in patients
receiving certolizumab pegol plus MTX com-
pared with patients receiving placebo plus MTX
(Freure 34). Changes in mTSS, ES and JSN scores
were also significantly smaller with certolizumab
pegol plus MTX versus placebo plus MTX when
assessed after 24 weeks in the RAPID 2 trial
(Freure 3B). In the RAPID 2 trial, a negative 95%
CI of the change in mTSS was observed in the
certolizumab pegol 400-mg group suggesting that
some repair may have occurred [31]. In both trials,
results of the primary analysis, which was based
on linear extrapolation, were confirmed by multi-
ple sensitivity analyses, including last observation
carried forward analysis, observed data analysis
and analysis on log-transformed data.

Inhibition of the progression of structural dam-
age was observed in both trials as early as 16 weeks
of treatment. A post-hoc analysis performed at
week 16 on the group of patients who withdrew
due to lack of ACR20 response at weeks 12
and 14 showed inhibition of structural dam-
age in patients treated with certolizumab pegol
(Ficures 3C anp 3D). In RAPID 1, mean changes
(+ standard deviation [SD]) from baseline to
week 16 were lower with certolizumab pegol plus
MTX (pooled analysis on certolizumab pegol
400- and 200-mg groups) compared with pla-
cebo plus MTX for mTSS (0.2 +2.2vs 1.0 £ 2.5;
FIGURE 3C), ES (O.l +1.1vs 05+ 14) and ]SN
(0.2 + 1.7 vs 0.4 = 1.5). Rank analysis showed
these reductions to be statistically significant
(p £0.05). Similar results were observed in the
RAPID 2 trial (FIGURE 3D).

Health outcomes

In addition to significantly improving the
signs and symptoms of RA and inhibiting the
progression of structural joint damage, certoli-

zumab pegol plus MTX or certolizumab pegol

future science group

monotherapy significantly improved all evalu-
ated aspects of patients’ quality of life, including
physical function, pain, fatigue, and work and
home productivity.

Improvements in physical function
Physical function was assessed using the health
assessment questionnaire — disability index

(HAQ-DI). Patients treated with either dose of

A Combination therapy

- Placebo + MTX (n = 199) —Jll- CZP 200 mg + MTX (n = 393)
CZP 400 mg + MTX (n = 390)

80
2 60 - : 8 N S S
5 *'*VH,H
= 7
o 404 ™
! =
Q *
o (Y
T 20
o
0:4 T T T T T T T T T T T T 1
0 4 8 12 16 20 24 28 32 36 40 44 48 52

Weeks

- Placebo + MTX (n = 127)
—l— CZP 200 mg + MTX (n = 246)
CZP 400 mg + MTX (n = 246)

B Monotherapy

- Placebo (n = 109)
- CZP 400 mg (n = 111)

80 ;\? 80+
1 60 7 H/\.\.—u £ 607 5 s
.g * 71‘/ g * * & e
= 1
By, W a 404+
I +/ x ‘
o~ g ‘
a a z |
T 20 * £ 209
= | 2
P
0 i T T T T T ] 0-. T T T T T 1
0 4 8 12 16 20 24 0 4 8 12 16 20 24
Weeks Weeks

Figure 2. ACR20 response rates over time in patients treated with
certolizumab pegol. ACR20 responses were statistically significant in CZP-treated
patients compared with placebo-treated patients by week 1 and throughout the
(A) RAPID 1 (p < 0.001 vs placebo plus MTX) and RAPID 2 (p < 0.001 vs placebo
plus MTX) and (B) FASTAWARD (p < 0.01 vs placebo) studies. Treatment
comparisons of ACR20 responses between the CZP group(s) and placebo were
calculated using logistic regression with treatment and geographic region as factors
in the RAPID trials or a Cochran—Mantel-Haenszel test stratified by country in the
FASTAWARD trial. For detailed analyses, refer to [30-32].

"p < 0.001; *p < 0.01 versus placebo.

ACR: American College of Rheumatology CZP: Certolizumab pegol;

MTX: Methotrexate.

Adapted and reproduced with permission of John Wiley & Sons, Inc. from [30]
(Copyright © 2008) and adapted and reproduced with permission from the BMJ
Publishing Group from [31,32].
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Percentage change from baseline

Patients (n)

Week Treatment regimen

Study

CRP?*

HAQ*
-2.4
-13.5
-5.6

Pain”

-1.0

PtGA"
-2.9

PhGA®
-3.3

sJiC

nc

-6.7

-4.5

199
393

Placebo + MTX

RAPID 1

-65
13
-54

-20.6
-6.6

-19.0 -12.9
-7.6

-12.8

-18.2
-10.6

-18.9

-10.1

CZP 200 mg + MTX
Placebo + MTX

199
393
127

52

-35.1
0.2

-43.2
54
-16.5

8.3

-43.8
-3.0
-14.3
5.8

-55.6
-2.5

-65.8
-3.3

-61.6

-3.5
-13.8
-10.5

CZP 200 mg + MTX
Placebo + MTX

RAPID 2

-12.5
-3.7

17.3

-18.2
-13.3

246
127

CZP 200 mg + MTX
Placebo + MTX

-12.0

24

-59
10
-70

20
-40

-31.8
0.9

-35.9
1.2

-34.2
1.4
-13.4
6.4
-15.7

-52.3
-2.5

-64.2
-12.0
-27.1

-54.8
-5.5

246

CZP 200 mg + MTX

Placebo

109

11

1

FASTAWARD

-13.6
8.6

-22.8
41.5

-18.6

-29.6
-13.3

CZP 400 mg
Placebo

1.5
-27.4

-23.4

109

111

Intention-to-treat population in RAPID, modified intention-to-treat population in FASTAWARD.

“Percentage change from baseline (mean); *Geometric means of ratio to baseline -1 (in %).

24

-21.5

-23.7

-40.6

-44.0

CZP 400 mg

CRP: C-reactive protein; CZP: Certolizumab pegol; HAQ: Health assessment questionnaire; MTX: Methotrexate; PhGA: Physician’s global assessment, PtGA: Patient’s global assessment; Pain: Patient’s assessment of pain,

SJC: Swollen joint count; TIC: Tender joint count.

certolizumab pegol plus MTX in RAPID 1 or 2
reported significant improvements in physical
function compared with placebo plus MTX as
carly as week 1 (Tasie 3). These improvements
were maintained throughout both studies
(week 52 of RAPID 1 and week 24 of RAPID 2)
(Tasie 3 & Ficure 44). In addition, significantly more
patients treated with certolizumab pegol plus
MTX reported clinically meaningful improve-
ments in physical function as indicated by the
HAQ-DI minimum clinically important differ-
ence (MCID) from week 1 to the end of the
study (Ficure 4A): 47 or 57% of patients treated
with certolizumab pegol 200 mg plus MTX in
RAPID 1 or 2, respectively, achieved the MCID
at study end (weeks 52 or 24, respectively) com-
pared with 13 or 11% of patients treated with
placebo plus MTX.

Patients treated with certolizumab pegol
monotherapy in FASTAWARD also had statis-
tically significant improvements versus placebo
in all eight HAQ-DI domains by week 1 and
throughout the study for the majority of assess-
ments. At the end of the study, the mean change
from baseline in HAQ-DI was -0.36 for certoli-
zumab pegol versus 0.13 for placebo (p < 0.001,
Fieure 4B). Furthermore, a significantly higher
proportion of patients receiving certolizumab
pegol (49-61%) reported clinically meaning-
ful improvements in their physical function
(HAQ-DI MCID) than those receiving placebo
(12-27%) throughout the entire study period
(weeks 1-24; p < 0.001).

Improvements in health-related quality
of life

Health-related quality of life (HRQoL) was
assessed using the short form 36-item health
survey (SF-36). In RAPID 1, the physical and
mental component summary scores and all
eight SF-36 domain scores were significantly
improved following certolizumab pegol plus
MTX treatment at weeks 24 and 52 irrespective
of the dose regimen (p < 0.001). Significantly
greater improvements from baseline in all
scores were also observed at each visit with
certolizumab pegol plus MTX than placebo
plus MTX. In FASTAWARD, certolizumab
pegol monotherapy also led to improvements
in all domains and in the physical and men-
tal component summary scores (p < 0.001) at
week 24. Significantly more certolizumab pegol-
treated patients experienced HRQoL MCIDs
(in all eight domains and in the physical and
mental component summary scores) than those
receiving placebo at week 24 (p < 0.01).

258

Int. J. Clin. Rheumatol. (2009) 4(3)

future science group



Certolizumab pegol for rheumatoid arthritis

Reduction in pain & fatigue

Certolizumab pegol plus MTX provided rapid
and durable relief from pain and fatigue in the
RAPID 1 and 2 studies, with statistically sig-
nificant improvements in both pain (visual ana-
logue scale [VAS]; Ficure 4C) and fatigue assess-
ment scale (FAS) scores (Ficure 4E) reported as
early as week 1, which were sustained to the
end of the studies. In the FASTAWARD study,
daily pain assessments were performed over the
first week using a modified brief pain inventory,
where patients were asked to rate their ‘worst

A RAPID 1 (week 52)

pain in the last 24 h’, ‘average pain in the last
24 h’ and ‘pain right now’. Patients experienced
significant pain relief within 2 days of receiv-
ing certolizumab pegol monotherapy compared
with placebo (p < 0.05). After the first week,
pain assessments were performed using the
pain VAS. Significant and clinically meaning-
ful differences in reductions (mean change from
baseline) in arthritis pain (VAS) scores in the
certolizumab pegol arm relative to placebo were
observed by week 1 (-16.7 vs -5.2, respectively)
and were sustained throughout the study up to

C RAPID 1 withdrawals (week 16)

3.2 1.27
5l 2.8 B Placebo + MTX (n = 199) e 10 | WPlacebo + MTX (n = 124)
= CZP 200 mg + MTX (n = 393) = . CZP + MTX (n = 142)
9 24 CZP 400 mg + MTX (n = 390) o)
Lo 0
J 0.8
5 2 5
= =
g 1.6 )
< =
£ 1.2 2
° © 0.4-
§ 0.8 g 5
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Figure 3. Effect of certolizumab pegol plus MTX on radiographic progression of structural joint damage. Changes from
baseline in mTSS, erosion score and JSN score were significantly smaller with CZP plus MTX versus placebo in (A) RAPID 1 and (B)
RAPID 2 studies after 52 or 24 weeks of treatment, respectively. In a post-hoc analysis of patients who withdrew at week 16 due to lack
of ACR20 response at weeks 12 and 14, changes in mTSS were significantly smaller in patients treated with CZP plus MTX (both dose
groups combined) versus placebo plus MTX in (C) RAPID 1 and (D) RAPID 2 studies (p < 0.05 vs placebo plus MTX). In both studies,
treatment comparisons were made using analysis of covariance on the ranks with treatment and geographic region as factors and the
ranked baseline mTSS as the covariate. For detailed analyses, refer to [30,31].

“Significantly different from placebo, p < 0.001; *Significantly different from placebo, p < 0.01; $p < 0.05 versus placebo.

CZP: Certolizumab pegol; JSN: Joint space narrowing; mTSS: Modified total sharp score; MTX: Methotrexate; RAPID: Rheumatoid
arthritis prevention of structural damage.

Adapted and reproduced with permission from the BMJ Publishing Group from [31].

www.futuremedicine.com 259

future science group



Mease

A HAQ-DI (combination therapy)

0.

=
o
1

1
=

Mean change from baseline

© o
~N O
L 1

2 1

=
1 |

S o
~ W
1 1

-0.5 1

RAPID 1 (week 52)

RAPID 2 (week 24)

-0.60* .0.63*

-0.50* -0.50*

M Placebo + MTX (n = 199)
I CZP 200 mg + MTX (n = 393)
CZP 400 mg + MTX (n = 390)

M Placebo + MTX (n = 127)
M CZP 200 mg + MTX (n = 246)
CZP 400 mg + MTX (n = 246)

C Patients’ pain (combination therapy)

5

0
-5
-10

Mean change from baseline

1

RAPID 1 (week 52)

RAPID 2 (week 24)

-31.0*
-33.5%

-23.7*
-26.1*

M Placebo + MTX (n = 199)
B CZP 200 mg + MTX (n = 393)
CZP 400 mg + MTX (n = 390)

M Placebo + MTX (n = 127)
B CZP 200 mg + MTX (n = 246)
CZP 400 mg + MTX (n = 246)

E FAS (combination therapy)

Mean change from baseline

260

RAPID 1 (week 52)

RAPID 2 (week 24)

-2.5*

-2.6"

-2.0*

-2.2¢

M Placebo + MTX (n = 199)
B CZP 200 mg + MTX (n = 393)
CZP 400 mg + MTX (n = 390)

B Placebo + MTX (n = 127)
B CZP 200 mg + MTX (n = 246)
CZP 400 mg + MTX (n = 246)

Int. J. Clin. Rheumatol. (2009) 4

B HAQ-DI (monotherapy)
FAST4WARD (week 24)
0-27 0.13
zo 1 N
07
g 0 1 -
g .
& 02 oo - MCID
S -0.3 1
S
£ -04 1 -0.36*
§ -0.5
(]
E _0.6 -
-0.7 -
M Placebo (n = 109)
CZP 400 mg (n = 111)
D Patients’ pain (monotherapy)
FAST4WARD (week 24)
) 1.7
0 |
(]
=
o -5
7]
©
8 _4Q f---mmeeemeemeeees MCID
§
E -15
)
s = 20.6*
S 25 - o
s
g -30
-35 7
-40 -
B Placebo (n = 109)
CZP 400 mg (n = 111)
F FAS (monotherapy)
FAST4WARD (week 24)
’ [ ]
2 -05- -03
©
(%)
3 - RRREETEEEEEELE ---"MCID
€ -1
£
g -15-
o
] 1.7
(%) -2
c
©
Q
= 25
-3

M Placebo (n = 109)
CZP 400 mg (n = 111)

@3

future science group



Certolizumab pegol for rheumatoid arthritis

Figure 4 (see facing page). Effects of certolizumab pegol on physical function, pain and fatigue at end of study. Greater

mean improvements in HAQ-DI scores at end of study were observed in patients treated with CZP (A) in combination with MTX or (B)

as monotherapy compared with placebo. Greater mean improvements from baseline in patients’ assessment of pain (VAS) (mITT

population) at end of study were observed in patients treated with CZP (C) in combination with MTX or (D) as monotherapy compared
with placebo. Similarly, patients treated with CZP (E) in combination with MTX or (F) as monotherapy had greater mean improvements
from baseline in FAS (mITT population) compared with patients treated with placebo. In the RAPID and FASTAWARD trials, mean change

from baseline in HAQ-DI, patients’ assessment of pain and FAS were performed using analysis of covariance, with treatment and
geographic region as factors and baseline value as the covariate. For detailed analyses, please refer to [30].

*p < 0.001 versus placebo.

CZP: Certolizumab pegol; FASTAWARD: Efficacy and safety of certolizumab pegol — 4 weekly dosage in rheumatoid arthritis;

HAQ-DI: Health assessment questionnaire — disability index; MCID: Minimum clinically important difference; mITT: Modified intent-to-

treat; MTX: Methotrexate; RAPID: Rheumatoid arthritis prevention of structural damage; VAS: Visual analog scale.
Adapted and reproduced with permission of John Wiley & Sons, Inc. from [30] (Copyright © 2008) and adapted and reproduced with

permission from the BMJ Publishing Group from [31,32].

week 24 (-20.6 vs 1.7, respectively) (p < 0.001;
Ficure 4D). Statistically significant and clinically
meaningful improvements FAS scores were
achieved as early as week 1 with certolizumab
pegol compared with placebo and were sustained
throughout the 24-week study: mean change
from baseline in FAS was -1.7 for certolizumab
pegol compared with -0.3 for placebo at week 24
(p < 0.001; Ficure 4F).

Improvements in work &

household productivity

In the RAPID trials, the validated work product-
ivity survey (WPS-RA) questionnaire [33] was
used to measure RA-related productivity at
work and home as well as social and leisure time.
The WPS-RA was administered every 4 weeks
starting at baseline.

Certolizumab pegol reduced the impact of RA
on household productivity and improved the abil-
ity of patients with RA to carry out family, social
and leisure activities [34]. By week 24, patients
treated with certolizumab pegol 200 mg plus
MTXin RAPID 1 or 2 gained 4.7 or 4.2 full days
of household activities per month from baseline,
respectively, compared with only 1.5 or 0.2 days
for patients in the placebo group (p < 0.01).
Patients treated with certolizumab pegol 200 mg
plus MTX also reported fewer limitations in per-
forming their household duties as demonstrated
by an increase in household productivity of 5.7 or
6.1 days per month from baseline compared with
only 2.9 or 1.4 days for patients in the placebo
group (p < 0.01). Similar gains in full days of
household duties and days with increased pro-
ductivity were reported by patients treated with
certolizumab pegol 400 mg plus MTX.

Treatment also improved the performance at
work of subjects with active RA, as shown by the
reduction in presenteeism (reduced productivity
when at work) and absenteeism (absence from
work) and the decrease in the RA interference
on their work productivity [35]. By week 24,

future science group

patients treated with certolizumab pegol 200 mg
plus MTX gained a monthly average of 1.6 or
2.1 work days from baseline in RAPID 1 or 2,
respectively, compared with a gain of only 0.1
or 0.6 days by patients in the placebo group.
Patients treated with certolizumab pegol 200 mg
plus MTX also reported fewer limitations at
work due to RA, as seen by an increase of 4.6 or
6.1 productive work days per month from base-
line compared with 1.0 or a decrease of 1.5 days
in the placebo group (p < 0.01).

Safety & tolerability

Certolizumab pegol was generally well-tolerated
when administered in combination with MTX
or as monotherapy (Tasie 4).

Certolizumab pegol in
combination with MTX
Because of the protocol-mandated withdraw-
als at week 16 and 2:1 patient randomization
for the certolizumab pegol groups vs placebo
in RAPID 1 and 2, mean exposure to study
treatment was markedly longer in the pooled
certolizumab pegol groups than in the placebo
group. The incidence rates of treatment-emer-
gent adverse events (TEAEs) were therefore
adjusted to account for differences in study
drug exposure.

The majority of adverse events (AEs) were
mild-to-moderate in intensity. Discontinuation
due to AEs was low in all groups (Tasie 4). The
most frequent AEs leading to withdrawal were
infections and infestations (22 patients), skin and
subcutaneous tissue disorders (7 patients), gen-
eral disorders and administration site conditions
(7 patients) and cardiac disorders (6 patients).

All TEAEs leading to death were consid-
ered unlikely to be related or unrelated to the
study drug. In RAPID 1, AEs led to death in
seven patients: one in the placebo group (myo-
cardial infarction), two in the certolizumab pegol
200-mg group (one each from hepatic neoplasm
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Adverse events

Exposure (patient years)
Any TEAE

Mild intensity
Moderate intensity
Severe intensity

Related to study drug
Serious AE

AE leading to withdrawal
AE leading to death
Infections

Serious infections

TB

Malignancies

Cardiac disorders

Mease

and cardiac arrest) and four in the certolizumab
pegol 400-mg group (one each from cerebro-
vascular accident, myocardial infarction, cardiac
arrest, and one from atrial fibrillation and fatigue).
In RAPID 2, AEs led to death in two patients: one
in the certolizumab pegol 200-mg group (acute
myocardial infarction and cerebrovascular acci-
dent) and one in the certolizumab pegol 400-mg
group (femur fracture and shock).

Infection rates were also similar across all arms
(Tasee 4). The most frequently reported infections
in all groups were urinary tract infections (19.4,
10.6 and 11.6 per 100 patient-years in the placebo,
certolizumab pegol 200- and 400-mg groups,
respectively) and upper respiratory tract infections
(including nasopharyngitis) (17.5, 29.1 and 26.7
per 100 patient-years in the placebo, certolizumab
pegol 200- and 400-mg groups, respectively).
Serious infections were observed more frequently
in the certolizumab pegol plus MTX treatment
groups (6.0 and 7.1 per 100 patient-years in the
certolizumab pegol 200- and 400-mg groups,
respectively) than in the placebo plus MTX group
(1.5 per 100 patient-years). The most frequently
reported serious infections in the certolizumab
pegol 200- and 400-mg plus MTX treatment
groups were 1B, pneumonia and erysipelas (new
cases per 100 patient-years: 1.2 and 1.2; 0.7
and 1.0; 0.2 and 1.2, respectively). All TB cases
occurred in countries with high incidence rates of
TB (including five cases in Russia) and none were
reported in patients from North America.

RAPID 1 and 2 pooled populations
rate per 100 patient-years (n)

Placebo + MTX CZP 200 mg CZP 400 mg

(n =324) + MTX + MTX
(n = 640) (n = 635)

132.0 406.7 419.5

246.4 239.1 2211

155.5 162.3 156.4

96.7 79.0 75.6

14.2 12.5 12.9

66.9 78.1 74.4

11.9 (15) 16.3 (63) 16.6 (66)

3.8 (5) 7.2 (29) 7.0 (29)

0.8 (1) 0.7 (3) 1.2 (5)

73.2(78) 80.9 (240) 76.7 (237)

1.5(2) 6.0 (24) 7.1 (29)

0 (0) 1.2 (5) 1.2 (5)

1.5(2) 2.0(8) 1.2 (5)

5.3(7) 4.7 (19) 4.8 (20)

The rates of malignancies (heterogeneous in
type) were similar across all treatment arms (1.5,
2.0 and 1.2 per 100 patient-years in the placebo,
certolizumab pegol 200- and 400-mg groups,
respectively). In RAPID 1, malignant neoplasms
were observed in 12 patients: one thyroid neo-
plasm in the placebo group (1.1 per 100 patient-
years), seven in the certolizumab pegol 200-mg
group (2.3 per 100 patient-years; three basal cell
carcinomas including one that metastasized to
the brain, one adrenal adenoma, one hepatic
neoplasm, one esophageal carcinoma and one
uterine cancer) and four in the certolizumab
pegol 400-mg group (1.3 per 100 patient-years;
two tongue neoplasms, one extranodal marginal
zone B-cell lymphoma and one papilloma). In
RAPID 2, one case of malignant neoplasm was
reported in each of the placebo (bladder can-
cer), certolizumab pegol 200-mg (testis cancer)
and certolizumab pegol 400-mg (colon cancer)
groups. There were no clinically significant dif-
ferences in the incidence of cardiac disorders
between the three treatment groups. The inci-
dence of injection-site pain with either dose of cer-
tolizumab pegol plus MTX was low in both stud-
ies (<3 new cases per 100 patient-years, compared

with none in the placebo plus MTX group).

Certolizumab pegol monotherapy
In FAST4WARD, most AEs were mild or
moderate. AEs leading to withdrawal were
reported in two (1.8%) placebo-treated patients

FASTAWARD

number of patients (%)
Placebo CZP 400 mg
(n=109) (n=111)
63 (57.8) 84 (75.7)
43 (39.4) 62 (55.9)
40 (36.7) 52 (46.8)
11 (10.1) 8(7.2)
24 (22.0) 27 (24.3)
3(2.8) 8(7.2)
2(1.8) 5(4.5)
0 (0) 0(0)
16 (14.7) 33(29.7)
0(0) 2(1.8)
0(0) 0(0)
0(0) 2(1.8)
2(1.8) 0(0)

AE: Adverse events; CZP: Certolizumab pegol;, FASTAWARD: Efficacy and safety of certolizumab pegol — 4 weekly dosage in rheumatoid arthritis; MTX: Methotrexate,

RAPID: Rheumatoid arthritis prevention of structural damage; TEAE: Treatment-emergent adverse event.

Adapted from [32].
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(nausea and pneumonitis) and in five (4.5%)
certolizumab pegol-treated patients (bacter-
ial arthritis, salmonella arthritis, increased
blood creatinine/increased blood urea, ische-
mic stroke and menorrhagia). No deaths
were reported. Serious AEs were reported in
three patients (2.8%) in the placebo group
and eight patients (7.2%) in the certolizumab
pegol group (9 vs 18 events per 100 patient-
years, respectively). In the placebo group, these
comprised one case (0.9%) each of vomiting,
chronic renal failure and pneumonitis. In the
certolizumab pegol group, they consisted of
two cases (1.8%) of aggravated RA and one
case (0.9%) each of bacterial arthritis, mastitis,
benign parathyroid tumor, postural dizziness,
ischemic stroke and menorrhagia.

The incidence of serious infections was low
(0% with placebo and 1.8% with certolizumab
pegol), and there were no reported cases of TB
or opportunistic infections. The incidence of
tumors was also low, with no reported cases
in the placebo group and two (1.8%) in the
certolizumab pegol group (one case of uterine
fibroids and one of benign parathyroid tumor).
No malignancies, including lymphoma, or
cases of demyelinating disease were reported.
Injection-site pain was reported in 1.8% of pla-
cebo-treated patients, while no patients treated
with certolizumab pegol reported it.

Regulatory affairs

Certolizumab pegol is commercially available
in the USA and is approved by the US FDA for
the treatment of adult patients with moderately
to severely active RA and for reducing the signs
and symptoms of moderately to severely active
Crohn’s disease in adult patients who have had
an inadequate response to conventional ther-
apy [21]. It is also approved in Switzerland for
the treatment of patients with Crohn’s disease.

Conclusion

Certolizumab pegol is the only PEGylated
anti-TNF approved for the treatment of RA.
Clinical studies with certolizumab pegol
have shown that the drug provides a rapid
improvement in the signs and symptoms of
RA and physical function, both in combina-
tion with MTX and as monotherapy. Results
from the RAPID 1 trial showed that these
responses were durable and were maintained
over at least 1 year. Certolizumab pegol inhib-
ited the progression of structural damage as
early as week 16 in ACR20 nonresponders.
Furthermore, certolizumab pegol significantly
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improved multiple aspects of patients’ HRQoL,
including physical function, pain, fatigue,
and productivity both at work and home. The
clinical trials presented here also demonstrate
that certolizumab pegol is well-tolerated with
low incidences of treatment discontinuations
due to AEs and injection-site pain or reac-
tions when administered in combination with
MTX for up to 1 year or as monotherapy for
6 months. These results are promising, and
longer-term experience, especially related to
safety analyses of the open-label extension tri-
als patient registries, will provide additional
information on the real-life safety profile of
certolizumab pegol.

In conclusion, certolizumab pegol has demon-
strated consistent, rapid and sustained clinical
efficacy in the treatment of RA either in com-
bination with MTX or as monotherapy across
clinical and patient-reported outcome measures,
and is an effective, well-tolerated option for the
treatment of RA.

Future perspective

The introduction of the TNF inhibitors repre-
sented a major advance in the treatment of RA,
allowing inhibition of disease progression, and
even remission, to be realistic goals of therapy.
However, some patients do not benefit from, or
are unable to tolerate, the agents that are cur-
rently available, or they may lose their initial
response or tolerability to one or more of the
agents. Therefore, the addition of new agents
that extend the treatment armamentarium for
patients with RA is welcome. As a PEGylated,
Fc-free molecule, certolizumab pegol represents
a new class of anti-T'NF agents, and like inflix-
imab and adalimumab, it has proven efficacy in
Crohn’s disease, for which it is already approved
in the USA. However, unlike infliximab and
adalimumab, certolizumab pegol lacks an Fc
region, so it may avoid potential Fc-mediated
effects such as CDC or ADCC, which has
been observed in wvitro [24]. In addition, the
PEGylation of certolizumab pegol may mini-
mize AEs, such as injection-site pain/reaction,
may aid in maintaining effective plasma concen-
trations, and may enhance its penetration and
retention in inflamed tissues compared with
noninflamed tissues, as has been observed in an
animal model [26]. Elevated drug concentrations
at the site of disease may be of particular impor-
tance for the effective treatment of RA and may
underlie both the rapidity of response and the
extent of response observed with certolizumab
pegol treatment.
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The traditional TNF inhibitors all have
similar efficacy in relieving the signs and
symptoms of RA, and in inhibiting the pro-
gression of radiographic joint damage. What
is likely to become important in clinical tri-
als of novel agents is more attention to the
speed of response. Clinical trials have tradi-
tionally assessed efficacy at 3, 6 or 12 months.
However, certolizumab pegol has been shown
to improve RA signs and symptoms as early
as week 1 of treatment and inhibits the pro-
gression of structural joint damage as early as
week 16 [30-32]. The inclusion of HRQoL out-
comes in clinical trials, which are increasingly
important from the patient perspective, will
also become more common. These outcomes
include physical disability, pain, fatigue, and
home and work productivity.

Cost and reimbursement of the biologic
therapies will remain an issue. However, RA
remains a serious chronic condition that leads
to significant morbidity and even accelerated
mortality in patients. The joint damage and
functional disability associated with the dis-
ease have negative economic consequences not
only for the patients, but also for their families

and employers, and thus wider society [36].
Although the overall cost of biologic thera-
pies is higher than traditional DMARD:s, they
result in more quality-adjusted life-years [37)
and their economic impact beyond immediate
healthcare costs should be taken into account
more frequently in the future.

In conclusion, as the field of biologic therapy
for RA develops, new therapies are likely to
become available that may have a more rapid
onset of action and can significantly improve all
aspects of patients’ quality of life, allowing them
to return to their former levels of productivity
at work and home.
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Executive summary

Overview of the market

TNF inhibitors.

Introduction to certolizumab pegol

fragment from the PEG.
Clinical efficacy

as early as week 16 of treatment.

Safety & tolerability

site pain were low.

= TNF inhibitors have revolutionized the management of rheumatoid arthritis (RA).
= Not all patients with RA achieve or maintain a response to one or more of the currently available

= Patients with RA may also be unable to tolerate, or lose tolerance to, available treatments.
= Therefore, there is a need for more treatments for RA.

= Certolizumab pegol is the only PEGylated anti-TNF approved for the treatment of RA.

= Certolizumab pegol preferentially concentrates in inflamed tissues compared with normal tissues in
animal models, and has a plasma half-life of approximately 2 weeks.

= Poly (ethylene glycol) (PEG) excretion occurs primarily by the renal route after cleavage of the Fab’

= Certolizumab pegol, in combination with methotrexate (MTX) or as monotherapy, provides
significant improvements in the signs and symptoms of disease with benefits in all ACR core
components seen as early as week 1 compared with placebo. The RAPID 1 trial showed that the
benefits of certolizumab pegol in combination with MTX were sustained up to at least 1 year.

= Significant inhibition of the progression of structural joint damage was seen with certolizumab pegol

= Significant improvements in physical function and rapid reductions in pain and fatigue were also
reported by patients receiving certolizumab pegol, with a rapid onset of action that was sustained.

= Certolizumab pegol, in combination with MTX or as monotherapy, had an acceptable safety profile.
= Rates of treatment-emergent adverse events leading to discontinuation and incidence of injection-
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