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Drug Evaluation

Rheumatoid arthritis (RA) is the most common 
chronic autoimmune inflammatory arthritis, 
with a prevalence of approximately 1%, with 
women being affected twice as often as men 
[1]. The pathogenesis of RA involves an over­
expression of many inflammatory cytokines, 
including TNF-a, certain other interleukins 
(ILs) and proteinases. This results in the for­
mation and perpetuation of an inflammatory 
synovitis that may lead to cartilage and bone 
destruction, and most patients will have evidence 
of joint erosions in the first year of the disease 
[2,3]. The progression of RA leads to a variety 
of characteristic signs and symptoms, including 
pain and swelling of the synovial joints, consti­
tutional symptoms and extra-articular involve­
ment. RA can ultimately lead to functional 
decline and disability, with reduced quality of 
life and premature mortality, causing a great 
economic impact to society [2]. The objective of 
RA treatment is to control the clinical symptoms 
and slow or stop the radiographic progression 
and structural damage to improve function and 
quality of life. Traditional disease-modifying 
antirheumatic drugs (DMARDs), such as 
methotrexate, remain the basis of RA therapy, 
and should be initiated early in the course of the 
disease [4]. In the last few decades, advances in 
the understanding of the pathogenesis of RA and 
the inflammatory cascade led to the introduc­
tion of biologic response modifiers (BRMs), also 
known as biologic DMARDs, a class of medica­
tion that can further improve clinical outcomes. 
These agents work by selective blockade of 

certain molecules of the inflammatory cascade, 
resulting in a significant reduction of inflam­
mation. They are mostly used in conjunction 
with methotrexate for patients who fail with, 
or are unable to tolerate, traditional DMARDs 
[4,5]. Available BRMs include TNF-a inhibitors 
(infliximab, etanercept, adalimumab, golim­
umab and certolizumab), which are currently 
the most commonly used biologic agents. Other 
BRMs are anakinra (IL-1 receptor antagonist), 
abatacept (cytotoxic T-lymphocyte-associated 
antigen 4 immunoglobulin), rituximab (anti-
CD20 antibody) and tocilizumab (IL-6 inhibi­
tor). Newer BRM agents are continually being 
evaluated. This article focuses on adalimumab, a 
commonly used TNF-a inhibitor that has been 
on the market for 8 years.

Adalimumab: a TNF-a inhibitor
TNF-a is one of the inflammatory cytokines 
induced by RA, and is found in a high concentra­
tion in the synovial joints [6]. It works by binding 
to two types of receptors (p55 and p75), and has 
the ability to induce other inflammatory cyto­
kines, thereby perpetuating the inflammation 
cascade and resulting in joint damage. Block­
ing TNF-a significantly reduces such inflam­
mation and suppresses the formation of invasive 
pannus. TNF-a inhibitors were introduced as 
a therapeutic option for RA in 1998, and cur­
rently remain the most commonly used BRM. 
There are five TNF-a inhibitors now licensed 
(Table 1) with some differences in their structure, 
function and administration routes. Studies have 
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shown that they are all highly effective in reduc­
ing joint damage and disability, and improving 
quality of life, especially when combined with 
methotrexate [4,6–9]. While TNF-a inhibitors, 
like the other BRMs, are mostly used when 
patients with active RA do not have a satisfactory 
response to traditional DMARDs [4,10,11,201], 
they can also be chosen as first-line therapy in 
severe cases or when traditional DMARDs are 
contraindicated [10,12]. Adalimumab was the 
third TNF-a inhibitor to be introduced, and 
the first fully human monoclonal antibody of 
the group. It is currently widely used across the 
world for the treatment of RA. Adalimumab is 
also approved by the US FDA and the EMA for 
the treatment of ankylosing spondylitis, psori­
atic arthritis, juvenile idiopathic arthritis and 
Crohn’s disease.

To retrieve the evidence for this review, the 
authors searched MEDLINE (through PubMed) 
to identify relevant citations published in Eng­
lish or Spanish. Medical terms related to ‘adali­
mumab’ were combined using ‘AND’ with 
those related to ‘rheumatoid arthritis’. Of 1218 
potentially relevant citations, 14 publications 
reporting on controlled trials, 12 open-label 
extensions, 38 registry studies and 40 systematic 
reviews were summarized.

Chemistry
Adalimumab is composed of human-derived 
heavy and light chain variable regions and 
human IgG1k constant regions [13]. Each of the 
two k light chains consists of 214 amino acid 
residues with a molecular weight of approxi­
mately 49 kDa, and each of the two heavy chains 
has 451 amino acid residues of approximately 
24 kDa. Adalimumab (Humira®) is manufac­
tured by Abbott Bioresearch Center (Worces­
ter, MA, USA). It is genetically engineered 

and supplied in a preservative-free solution for 
subcutaneous administration. For production, 
a Chinese hamster ovary host cell is transfected 
with a plasmid vector containing the expres­
sion cassettes of adalimumab. The resulting 
adalimumab is then purified through several 
chromatography steps and is subjected to low 
pH treatment and nanofiltration. Adalimumab 
is formulated as a vial, or a single-use prefilled 
syringe, containing 40 mg of active substance in 
0.8 ml of a buffered solution comprised of man­
nitol, citric acid monohydrate, sodium citrate, 
disodium phosphate dihydrate, sodium dihy­
drogen phosphate dihydrate, sodium chloride 
and polysorbate 80 [14]. Based on EMA docu­
ments, adalimumab has a shelf life of 18 months 
at 2–8°C.

Pharmacodynamics
Adalimumab is a fully human recombinant 
monoclonal IgG1 antibody against TNF-a 
(Table 2). It blocks the interaction of TNF-a 
with its cell surface receptors (p55 and p75; 
IC

50
: 10-9–10-10 M) by binding to both soluble 

and receptor-bound TNF-a; it does not bind 
lymphotoxin (TNF-b). The binding to soluble 
TNF is highly specific (K

d
 = 6 × 10-10 M) [13]. 

Pharmacologic mechanisms of action are trig­
gered at subcellular, cellular and higher levels. 
Adalimumab effects on RA patients include a 
rapid reduction of acute-phase reactants with a 
decrease of serum levels of inflammatory cyto­
kines, IL-6, certain metalloproteinases (MMP-1 
and MMP-3) and adhesion molecules respon­
sible for leukocyte migration (i.e., VCAM-1, 
ICAM-1 and others) [15,16,202].

Pharmacokinetics
In pharmacokinetic studies in healthy adults, the 
maximum serum concentration of adalimumab 

Table 1. TNF-a inhibitors approved for rheumatoid arthritis treatment.

Generic name Brand name Molecule Dosing

Adalimumab Humira® Human monoclonal 
antibody

sc. injection, 40 mg every 2 weeks

Etanercept Enbrel® p75 receptor-Fc fusion 
protein

sc. injection, 50 mg every week 

Infliximab Remicaid® Chimeric monoclonal 
antibody

iv. infusion, 3 mg/kg at 0, 2 and 
6 weeks followed by maintenance every 
4–8 weeks 

Golimumab Simponi® Human monoclonal 
antibody

sc. injection, 50 mg every month

Certolizumab Cimzia® Human, pegylated 
monoclonal antibody

sc. injection, 200–400 mg every 
2–4 weeks

iv.: Intravenous; sc.: Subcutaneous.
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was 4.7 ± 1.6 µg/ml, reached in 131 ± 56 h after 
a single 40-mg subcutaneous dose, with an 
estimated 64% bioavailability. In RA patients, 
the mean half-life was approximately 2 weeks 
(range: 10–20 days) and the trough concentra­
tions for the usual dose of 40 mg every other 
week was 5 µg/ml, which increased to 8–9 µg/
ml for those also treated with methotrexate [203]. 
Clearance of adalimumab tends to decrease 
with age, and there are no gender differences 
in its pharmacokinetics. There are no available 
pharmacokinetic data for patients with renal or 
hepatic impairment. The recommended dos­
ing schedule for adalimumab is a subcutaneous 
injection of 40 mg every other week, which can 
be increased to weekly injections. Absorption 
and distribution of adalimumab are slow, with 
peak serum concentrations reached 4–7 days 
after administration. Adalimumab volume 
of distribution ranges from 4.7 to 6 L. In the 
synovial fluid of RA patients, adalimumab con­
centrations have ranged from 31 to 96% of those 
found in the serum. When combined with meth­
otrexate, adalimumab increases the clearance of 
methotrexate by 40% (4.39 vs 6.16 l/h) [16,17].

Clinical efficacy
The ACR20, 50 and 70 response criteria [18] are 
commonly used efficacy end points in clinical 
trials evaluating RA therapies. They include 
number of tender and swollen joints; patient 
assessments of pain, disease activity and disabil­
ity (Disability Index of the Health Assessment 
Questionnaire [HAQ]); doctor global assessment 
of disease activity; and inflammatory biomarkers 
(erythrocyte sedimentation rate and/or C-reac­
tive protein). Other common outcome measures 
used are the European League Against Rheu­
matism response based on the disease activity 
score (DAS), radiographic progression and other 
disability assessments. In this section, we review 
data from published randomized controlled trials 
(RCTs), including Phase I trials [19–32].

Of the 14 published trials, three studies were 
Phase I, four were Phase II and seven were Phase 
III (Table 3). All studies included patients aged 
18 years or older, with a diagnosis of RA based 
on the 1987 revised criteria established by the 
ACR; 11 studies included patients with long­
standing active disease who had failed treat­
ment with at least one DMARD (most com­
monly methotrexate). In three studies partici­
pants had early RA with no prior methotrexate 
therapy (methotrexate-naive patients)  [19,20,28]. 
When allowed, DMARDs were provided at 
stable doses (e.g., methotrexate 7.5–25 mg per Ta

b
le

 2
. P

h
ar

m
ac

o
ki

n
et

ic
s 

st
u

d
ie

s 
o

f 
ad

al
im

u
m

ab
 (

co
n

t.
).

St
u

d
y 

Po
p

u
la

ti
o

n
n

A
D

M
 d

o
se

s
T m

a
x

C
m

a
x

t½
A

U
C

 0
-∞

B
io

av
ai

la
b

ili
ty

C
le

ar
an

ce
D

is
tr

ib
u

ti
o

n
 

vo
lu

m
e 

(l
)

R
ef

.

RC
T 

14
H

ea
lt

hy
 

Ja
pa

n
es

e 
m

al
es

20
0.

1 
m

g
/k

g 
sc

. S
D

16
8

0.
47

 ±
 0

.1
4 

µ
g

/m
l

14
.6

 ±
 

3.
2 

da
ys

3
49

 ±
 1

0
6 

µ
g 

p
er

 
h

/m
l

[2
02
]

RC
T 

16
Ja

pa
n

es
e 

pa
ti

en
ts

 w
it

h 
R

A

35
2

8
0 

m
g 

sc
. e

2w
4

0  
m

g 
sc

. e
2w

 
20

 m
g 

sc
. e

2w

A
D

M
 a

t 
20

, 4
0 

an
d 

8
0 

m
g 

ha
d 

lin
ea

r 
se

ru
m

 c
on

ce
nt

ra
ti

on
–

tim
e 

pr
ofi

le
s

[2
02
]

† S
lig

ht
ly

 d
ec

re
as

ed
 w

it
h 

in
cr

ea
si

n
g 

d
os

e.
 

‡
Li

ne
ar

 in
cr

ea
se

 in
 s

er
um

 c
le

ar
an

ce
 w

it
h 

an
 in

cr
ea

se
 in

 t
ot

al
 b

o
d

y 
w

ei
g

ht
. 

§
Pa

ti
en

ts
 w

ho
 c

o
m

p
le

te
d 

th
e 

b
lin

d
ed

 p
er

io
d 

co
nt

in
u

ed
 t

o 
re

ce
iv

e 
A

D
M

 a
t 

a 
d

os
e 

of
 4

0 
m

g 
p

er
 w

ee
k 

fo
r 

an
ot

he
r 

ye
ar

 f
o

llo
w

ed
 b

y 
a 

6
-m

o
nt

h 
fo

llo
w

-u
p 

(o
p

en
-l

ab
el

 c
o

nt
in

ua
ti

o
n 

p
er

io
d

).
 

¶
N

o 
at

te
m

pt
 w

as
 m

ad
e 

to
 e

va
lu

at
e 

th
e 

im
p

ac
t 

of
 M

TX
 in

 t
he

 p
ha

rm
ac

o
ki

ne
ti

cs
 o

f 
A

D
M

. 
#
D

at
a 

p
ro

vi
d

ed
 f

o
r 

th
e 

iv
. a

d
m

in
is

tr
at

io
n 

o
nl

y.
 

A
D

M
: A

da
lim

um
ab

; A
U

C
0

-∞
: A

re
a 

un
d

er
 t

he
 p

la
sm

a 
co

n
ce

nt
ra

ti
o

n
–t

im
e 

cu
rv

e 
fr

o
m

 t
im

e 
ze

ro
 t

o 
in

fi
ni

ty
; C

L/
F:

 A
p

p
ar

en
t 

to
ta

l c
le

ar
an

ce
 o

f 
th

e 
d

ru
g 

fr
o

m
 p

la
sm

a 
af

te
r 

ad
m

in
is

tr
at

io
n

; e
2w

: E
ve

ry
 2

 w
ee

ks
; 

M
TX

: M
et

ho
tr

ex
at

e;
 iv

.: 
In

tr
av

en
o

us
; O

LT
: O

p
en

-l
ab

el
 t

ri
al

; R
A

: R
he

um
at

o
id

 a
rt

hr
it

is
; R

C
T:

 R
an

d
o

m
iz

ed
 c

lin
ic

al
 t

ri
al

; s
c.

: S
ub

cu
ta

ne
o

us
; S

D
: S

in
g

le
 d

os
e;

 t
½

: E
lim

in
at

io
n 

ha
lf-

lif
e;

 T
m

ax
: T

im
e 

to
 r

ea
ch

 m
ax

im
um

 (
p

ea
k)

 p
la

sm
a 

co
n

ce
nt

ra
ti

o
n 

fo
llo

w
in

g 
d

ru
g 

ad
m

in
is

tr
at

io
n.



Adalimumab: 8 years of experience in rheumatoid arthritis Drug Evaluation

170 Int. J. Clin. Rheumatol. (2013) 8(2) future science group

Drug Evaluation Tayar, Lopez-Olivo & Suarez-Almazor

week). Participants were excluded if they had 
significant comorbidities, were pregnant or had 
previously received other BRMs. All except one 
were multicenter studies: four were conducted 
in the USA and Canada, three in Canada, one 
each in Taiwan, Korea, UK, Japan and France, 
and two included patients from Europe, Austra­
lia and North America. All but one study were 
fully sponsored by Abbott; the remaining study 
[28] was supported by a grant from the French 
Society of Rheumatology, but adalimumab was 
provided by Abbott. A total of 4126 participants 
were included in the trials; 1275 were assigned 
to adalimumab monotherapy, 1503 to adalim­
umab combined with methotrexate or any tra­
ditional DMARD, and 1348 to a control group 
(placebo, methotrexate or any other traditional 
DMARD). Of the 2778 patients assigned to the 
intervention groups, 152 received adalimumab 
intravenously and 2626 subcutaneously. Partici­
pants of the Phase I studies were followed for 
4 weeks during the blinded period, and then 
for 1 or 2 years in open-label studies evaluating 
doses ranging from 0.25 to 10 mg/kg intrave­
nously, or 1 mg/kg subcutaneously. Two Phase II 
studies had a follow-up of 12 weeks, and the 
remaining studies had at least 24 weeks of dou­
ble-blind treatment phase. Doses included in the 
Phase II and III studies were 20, 40 and 80 mg 
subcutaneously weekly or every other week.

In most trials, the ACR20 response rate (RR) 
was the primary end point, except for the Key­
stone et al. [24], Furst et al. [23] and Bejarano 
et al. [19] trials, where primary end points were 
radiographic progression, safety and job loss, 
respectively. 

For this article, we have chosen to summa­
rize the results of four outcomes: ACR50; mean 
change from baseline to final follow-up visit of 
the DAS; radiographic progression measured by 
the total Sharp score; and the disability index 
measured by the HAQ (Table 4). 

The ACR50 RRs for the adalimumab groups 
were significantly higher than in the control 
groups in most trials, except in two trials of 
methotrexate-naive patients: Bejarano et al. [19], 
where there were no differences at 56 weeks, and 
the GUEPARD trial [28], where ACR50 responses 
improved at 12 weeks, but were similar between 
groups at 52 weeks. Furthermore, Breedveld et al. 
[20] found a higher ACR50 RR only when com­
paring the adalimumab plus methotrexate com­
bination group with adalimumab or methotrex­
ate monotherapy. In most studies, the individual 
components of the ACR response criteria (tender 
and swollen joint counts, physician and patient 

global assessments, HAQ scores and acute phase 
reactants) were also improved in the adalimumab 
groups compared with controls. Of note, RRs 
with adalimumab were evident within 2 weeks 
of treatment in many of the trials.

Compared with placebo, patients who failed 
other DMARDs had a significant reduction 
in the DAS at the final visit, from baseline, in 
Phase II and III studies [29,30]. These results were 
consistent across all tested dosages of adalimumab 
(20 and 40 mg weekly or every other week, and 
80 mg weekly) and occurred early (at 2 weeks) in 
the course of the trials. For methotrexate-naive 
patients, the PREMIER [20] and GUEPARD 
[28] trials had a significantly higher proportion 
of patients treated with adalimumab combined 
with methotrexate achieving a DAS of less than 
2.6 units versus methotrexate or adalimumab 
monotherapy at 52 and 104 weeks, and similar 
results were observed at 56 weeks by Bejarano 
et al. [19]. On the other hand, the third trial assess­
ing methotrexate-naive patients (the GUEPARD 
trial) only found a significant improvement in 
the DAS at 12 weeks and not at the final visit 
(52 weeks) between combination therapy (adali­
mumab and methotrexate) and methotrexate 
groups. When comparing weekly with every 
other week subcutaneous adalimumab, similar 
reductions in the DAS were found [30].

Only three trials had radiographic assessment 
in their outcomes. Two of them, the PREMIER 
study (a methotrexate-naive trial) and the Key­
stone et al., trial showed significant improvement 
in total Sharp x-ray scores for adalimumab with 
methotrexate compared with methotrexate alone 
or with adalimumab monotherapy [20,24]. How­
ever, the GUEPARD trial (methotrexate naive-
patients) found no differences between their 
two groups (methotrexate or methotrexate with 
adalimumab) at 52 weeks [28].

Functional outcomes using the HAQ are also 
summarized in Table 4. When assessed, a greater 
absolute improvement of the HAQ score from 
baseline to final visit was observed in patients 
taking adalimumab compared with controls 
in most trials except for the GUEPARD trial, 
where no significant statistical difference was 
found among its two groups of methotrexate-
naive patients [28]. In the PREMIER trial, at 
1 year patients in the combination therapy group 
(methotrexate with adalimumab) had a signifi­
cant improvement in the HAQ score compared 
with either drug as monotherapy, but at the 
final 2-year visit this improvement in the com­
bination group remained significant only when 
compared with methotrexate monotherapy [20]. 
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Table 4. Reported efficacy outcomes of the included clinical trials.

Study 
(year)

Duration Groups n ACR50 
(%)

DAS† Radiographic 
progression†‡

HAQ†§ Ref.

Phase I studies

den Broeder 
et al. (2002)

29 days ADM 0.5 mg/kg iv. SD 17 18 0.16 (95% CI: 
-0.32–0.64)

NA -0.25 [22]

ADM 1 mg/kg iv. SD 18 17 -0.81 (95% CI: 
-1.31 to -0.31)

-0.52

ADM 3 mg/kg iv. SD 18 28 -1.05 (95% CI: 
-1.54 to -0.55)

-0.49

ADM 5 mg/kg iv. SD 18 28 -1.52 (95% CI: 
-2.08 to -0.96)

-0.23

ADM 10 mg/kg iv. SD 18 17 -1.08 (95% CI: 
-1.54 to -0.62)

-0.32

PBO 31 0 Mean difference 
range: 0.04–0.38

-0.13

Weisman 
et al. (2003)

4 weeks ADM 0.25 mg/kg iv. SD + MTX
ADM 0.5 mg/kg iv. SD + MTX
ADM 1 mg/kg iv. SD + MTX
ADM 3 mg/kg iv. SD + MTX
ADM 5 mg/kg iv. SD + MTX
PBO + MTX

9
9
9
9
9
15

33
44
11
22
11
0

NA -0.30
-0.30
-0.10
-0.20
-0.30
-0.20

[32]

Rau et al. 
(2004)

29 days ADM 1 mg/kg iv. SD + MTX 
ADM 1 mg/kg sc. SD + MTX
PBO + MTX

18
18
18

11
17
0

-0.82 ± 0.47
-0.65 ± 0.78
-0.17 ± 0.55

NA -0.27
-0.10
+0.06

[27]

Phase II studies

Van De Putte 
et al. (2003)

12 weeks ADM 20 mg/week, sc. 
ADM 40 mg/week, sc. 
ADM 80 mg/week, sc. 
PBO 

71
70
72
70

24
27
19
1

-1.8 ± 1.0
-2.1 ± 1.3
-2.0 ± 1.2
-0.5 ± 1.1

NA -0.45 ± 0.46
-0.47 ± 0.43
-0.48 ± 0.50
-0.04 ± 0.37

[29]

Weinblatt 
et al. (2003) 
(ARMADA)

24 weeks ADM 20 mg e2w, sc. + MTX
ADM 40 mg e2w, sc. + MTX
ADM 80 mg e2w, sc. + MTX
PBO + MTX

69
67
73
62

32
55
43
8

NA -0.54 ± 0.58
-0.62 ± 0.63
-0.59 ± 0.53
-0.27 ± 0.57

[31]

Furst et al. 
(2003) 
(STAR)

24 weeks ADM 40 mg e2w, 
sc. + DMARDs
PBO + DMARDs

318

318

29

11

NA [23]

Chen et al. 
(2009)

12 weeks ADM 40 mg e2w, sc. + MTX
PBO + MTX

35
12

34 
17

NA -0.60
-0.10

[21]

Phase III studies

DMARD failure

Keystone 
et al. (2004) 
(DE019)

52 weeks ADM 20 mg e2w, sc. + MTX
ADM 40 mg e2w, sc. + MTX
PBO + MTX

207
212
200

38
42
10

0.8 ± 4.9
0.1 ± 4.8
2.7 ± 6.8

-0.61 ± 0.55
-0.59 ± 0.57
-0.25 ± 0.56

[24]

†Numbers indicate mean difference ± standard deviation. 
‡Total Sharp score ± standard deviation (lower absolute change indicates less radiographic changes over time). 
§Greater absolute change indicates less disability. 
ACR50: Percentage of study participants achieving 50% of the ACR response criteria; ADM: Adalimumab; DAS: Disease activity score; DMARD: Disease-modifying 
antirheumatic drug; e2w: Every 2 weeks (every other week); HAQ: Health Assessment Questionnaire; iv.: Intravenous; MTX: Methotrexate; NA: Not applicable; 
PBO: Placebo; sc.: Subcutaneous; SD: Single dose.
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When compared, there were no major differ­
ences in functional outcomes found between 
adalimumab subcutaneous doses of 20, 40 or 
80 mg given every other week [26,29–31].

All of these results support the efficacy of 
adalimumab at the approved dose of 40  mg 
subcutaneously every other week in combina­
tion with methotrexate in the treatment of RA.

�� Adalimumab compared with  
other BRMs
There are few comparative data between differ­
ent BRMs. One controlled cohort study [33] and 
one RCT [34] compared adalimumab with other 
TNF-a inhibitors (etanercept and infliximab). 

No statistically significant differences in efficacy 
were found between patients receiving adalim­
umab or etanercept, with a mean change in the 
DAS of -3.3 with adalimumab and -2.8 with 
etanercept at 12 months [33]. The second study 
compared mean changes in the DAS from 4 to 
12 weeks in patients receiving different TNF-a 
inhibitors (adalimumab, etanercept or inflix­
imab) in combination with methotrexate or leflu­
nomide [34]. The observed absolute changes were 
not statistically different between the six groups.

Clinical effectiveness
In this section, we summarize the evidence 
on clinical effectiveness on the basis of the 

Table 4. Reported efficacy outcomes of the included clinical trials (cont.).

Study 
(year)

Duration Groups n ACR50 
(%)

DAS† Radiographic 
progression†‡

HAQ†§ Ref.

Phase III studies (cont.)

DMARD failure (cont.)

Van de Putte 
et al. (2004)

26 weeks ADM 20 mg e2w, sc. + PBO 106 19 -1.3 ± 1.6 NA -0.29 ± 0.63 [30]

ADM 20 mg/w, sc. 112 21 -1.6 ± 1.7 NA -0.39 ± 0.62

ADM 40 mg e2w, sc. + PBO 113 22 -1.7 ± 1.6 NA -0.38 ± 0.60

ADM 40 mg/w, sc. 103 35 -2.0 ± 1.6 NA -0.49 ± 0.54

PBO 110 8 -0.7 ± 1.3 NA -0.07 ± 0.49

ADM 40 mg e2w, sc. + PBO 274 37 25% had DAS of 
<2.6

5.5 -0.90 ± 0.7

PBO + MTX 257 43 25% had DAS of 
<2.6

10.4 -0.90 ± 0.6

Kim et al. 
(2007)

24 weeks ADM 40 mg e2w, sc. + MTX 65 44 NA -0.50 ± 0.55 [25]

PBO + MTX 63 15 -0.20 ± 0.50

Miyasaka 
(2008) 
(CHANGE)

24 weeks ADM 20 mg e2w, sc. 87 16 NA -0.20 ± 0.50 [26]

ADM 40 mg e2w, sc. 91 24 -0.20 ± 0.60

ADM 80 mg e2w, sc. 87 32 -0.40 ± 0.60

PBO 87 6 +0.10 ± 0.6

MTX naive

Bejarano 
et al. (2008)

56 weeks ADM 40 mg e2w, sc. + MTX 75 56 NA -0.70 ± 0.60 [19]

PBO + MTX 73 45 -0.40 ± 0.70

Breedveld 
et al. (2006) 
(PREMIER)

104 weeks ADM 40 mg e2w, sc. + MTX 268 59 49% had DAS of 
<2.6

1.9 -1.0 ± 0.7 [20]

Soubrier 
et al. (2009) 
(GUEPARD)

52 weeks ADM 40 mg e2w, sc. + MTX 33 68 36% had DAS of 
<2.6

1.9 ± 4.0 -1.0 (95% CI: 
-0.81 to -1.2)

[28]

MTX 32 67 13% had DAS of 
<2.6

1.8 ± 4.7 -0.93 (95% 
CI: -0.69 to 
-1.2)

†Numbers indicate mean difference ± standard deviation. 
‡Total Sharp score ± standard deviation (lower absolute change indicates less radiographic changes over time). 
§Greater absolute change indicates less disability. 
ACR50: Percentage of study participants achieving 50% of the ACR response criteria; ADM: Adalimumab; DAS: Disease activity score; DMARD: Disease-modifying 
antirheumatic drug; e2w: Every 2 weeks (every other week); HAQ: Health Assessment Questionnaire; iv.: Intravenous; MTX: Methotrexate; NA: Not applicable; 
PBO: Placebo; sc.: Subcutaneous; SD: Single dose.
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continuation of adalimumab therapy beyond 
RCTs, or in registry studies.

During the open-label extension of the clini­
cal trials, the effectiveness of adalimumab in 
achieving an ACR50 was better when combined 
with methotrexate [35–46]. At 2 and 5 years, inhi­
bition of structural damage was also maintained 
for responders, showing less or no radiographic 
progression in 54 and 50% of the patients, 
respectively. Similarly, more than 80% of the 
patients maintained an improvement in the 
disability score (HAQ <0.5) through 5 years 
of follow-up [37]. Regarding patients with prior 
treatment using other TNF-a inhibitors, the 
ReAct open-label trial found that adalimumab 
40 mg every other week had a significant clini­
cal benefit at 12 weeks among the 899 patients 
previously treated with etanercept or infliximab 
(33% ACR50 response; 23% good European 
League Against Rheumatism response; 12% 
achieved a DAS <2.6; and 13% achieved a 
HAQ disability index score <0.5) [47]. Another 
comparative controlled study also found adali­
mumab to be effective for RA patients after 
12  months when switching from infliximab 
with similar ACR20 and DAS28 RRs compared 
with patients on adalimumab as first TNF-a 
inhibitor therapy [48]. These results, along with 
other similar findings from certain registries 
(Stockholm TNF-a inhibitors follow-up reg­
istry [49] and the Finnish Register of Biologi­
cal Treatment [50]), suggest that adalimumab is 
also effective when given to patients with prior 
TNF-a inhibitors treatment.

Several studies on data from national regis­
tries found that the effectiveness of adalimumab 
was better when combined with methotrexate 
(or other DMARDs such as leflunomide), and 
no significant differences were found when com­
paring the first three approved TNF-a inhibi­
tors (infliximab, etanercept and adalimumab) 
[42,51,52]. The Danish Registry for Biologic Ther­
apies in Rheumatology (DANBIO) registry on 
the other hand reported better odds ratios (ORs) 
for achieving an ACR70 response at 6 months 
for adalimumab compared with infliximab (OR: 
2.1; 95% CI: 1.5–2.8), and similar results when 
compared with etanercept (OR: 1.2; 95% CI: 
0.82–1.6) [53]. The DANBIO findings were 
echoed by data from the Dutch RA Monitoring 
registry where at 12 months, the mean scores 
on the DAS28 and Short Form 36 items physi­
cal component scale showed greater benefit for 
adalimumab and etanercept compared with inf­
liximab (p < 0.001). In addition, adalimumab 
showed a significant reduction in the DAS28 at 

12 months compared with etanercept (p = 0.031) 
[54]. One study reporting radiographic changes 
(DANBIO registry) found that patients with 
RA had a significant reduction in radiographic 
progression while on TNF-a inhibitors (adalim­
umab, etanercept or infliximab) compared with 
the prior traditional DMARD treatment period 
(median radiographic progression rate decreased 
from 0.7 to 0 total Sharp score units/year when 
started TNF-a inhibitors p < 0.0001) [55].

Finally, indirect comparisons among differ­
ent BRMs in several meta-analysis show that 
adalimumab and other biologics, when com­
bined with methotrexate, are more efficacious 
than placebo or controls. Some reviews did not 
find significant differences among biologics 
[56–58], while others reported potential benefit 
of one biologic over the others. A large network 
meta-analysis including six Cochrane reviews 
reported a significantly greater ACR50 response 
comparing adalimumab with anakinra [59]. In 
one review, tocilizumab had better ACR70 RRs 
compared with TNF-a inhibitors (relative risk: 
1.8; 95% CI: 1.2–2.6) [60] and etanercept had 
lower ACR20, 50 and 70 responses compared 
with adalimumab (relative risk: 0.46, 95% CI: 
0.34–0.61; 0.37, 95% CI: 0.22–0.60; 0.44, 95% 
CI: 0.21–0.93, respectively) [61]. One meta-anal­
ysis of 29 RCTs showed that adalimumab and 
etanercept monotherapy when given to metho­
trexate-naive patients with short disease duration 
(<3 years) were more effective than methotrexate 
alone in slowing radiographic joint damage [62].

The available data appear to support that 
adalimumab is most effective when given in 
combination with methotrexate [35–46,63]. It has 
been recommended that infliximab should be 
administered in conjunction with methotrexate 
[62] because it is a chimeric monoclonal anti­
body that can elicit humoral immune responses 
(neutralizing antibodies) in the recipient [64]. 
Adalimumab is a fully human-derived antibody, 
so it is less likely to elicit an immune response 
[65,66]. However, studies have shown that up to 
44% of patients treated with adalimumab have 
circulating antibodies against this agent [25,67], 
and that the presence of such autoantibodies 
was associated with low functional drug levels 
and decreased clinical response [68]. Therefore, 
the addition of methotrexate, as is the case for 
infliximab, could result in better efficacy [67,69]. 
Furthermore, combination therapies in RA are 
usually more effective than monotherapy, thus 
adding methotrexate to a biologic agent could 
also enhance its efficacy by targeting additional 
pathogenic pathways.
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Withdrawals, safety & tolerability
Adalimumab is generally well tolerated. Data 
on withdrawals and adverse events (AEs) are 
displayed in Table 5.

�� Withdrawals
There were no significant differences in the rate 
of withdrawals between intervention and control 
groups in the trials at 4 or 12 weeks of follow-up. 
However, at 24–26 weeks, results were mixed; 
two studies reported significantly less withdraw­
als in the adalimumab group than in controls 
[25,30], whereas two other studies reported simi­
lar rates between groups [23,26]. At 52–56 weeks, 
total withdrawal rates were lower in the adalim­
umab combined with methotrexate group com­
pared with methotrexate monotherapy [19,24]. In 
the PREMIER trial, at 104 weeks, patients in 
the methotrexate or adalimumab monotherapy 
groups had significantly higher withdrawal rates 
compared with the adalimumab plus methotrex­
ate combination therapy group, mostly due to 
lack of efficacy [20].

Data from registries on discontinuation rates 
compared different drugs or combinations. After 
36 months, the discontinuation rates observed 
in the Rheumatoid Arthritis Observation of Bio­
logic Therapy registry were 46.3, 51.3 and 61.5% 
for combinations of etanercept, adalimumab 
and infliximab with methotrexate, respectively, 
and somewhat higher rates for the same BRMs 
when combined with leflunomide (53.4, 63.1 
and 67.1%, respectively) [42]. In the DANBIO 
registry, the hazard ratios (HRs) for drug with­
drawal at 48 months were significantly higher for 
infliximab infusions compared with the subcu­
taneously administered BRMs, etanercept and 
adalimumab (HR: 2.0; 95% CI: 1.6–2.4 and 
HR: 1.4; 95% CI: 1.2–1.6, respectively), and 
also higher when comparing adalimumab with 
etanercept (HR: 1.5; 95% CI: 1.2–1.8) [53]. On 
the other hand, the RADIUS 1 study, a 5-year 
observational registry of patients with RA, 
found similar discontinuation rates due to lack 
of efficacy among TNF-a inhibitors (etanercept 
19%, infliximab 19% and adalimumab 20%), 
and somewhat lower rates due to AEs for etan­
ercept (etanercept 14%, infliximab 22% and 
adalimumab 17%) [70]. In the Lombardy Rheu­
matoid Arthritis Network registry, the prob­
ability of continuing TNF-a inhibitors ranged 
from 78.8% after 12 months to 52.9% after 
36 months, with similar dropout rates for lack 
of efficacy and AEs. After 36 months, the prob­
ability of continuing on etanercept (62.5%) was 
significantly greater compared with infliximab 

(49.1%) or adalimumab (53.6%) [71]. An Ital­
ian registry, the Gruppo Italiano Studio Early 
Arthritis reported that after 4 years, the global 
retention rate of TNF-a inhibitors was 42% 
[72]. In a more recent study, this rate was found 
to considerably decrease after the fifth year of 
therapy [73].

�� Total AEs
The most common AEs were injection site reac­
tions, abdominal pain, headache and hyperten­
sion. Total AE rates, as well as serious AE rates, 
were mostly similar between groups at all follow-
up periods (Table 5). Although, injection site reac­
tions occurred more often in the adalimumab 
group, with a rate of up to 20% compared with 
the control group rate of 14%; these reactions 
were mostly mild-to-moderate, rarely leading 
to discontinuation of therapy. Only four out 
of 2334 patients treated with adalimumab had 
systemic reactions considered to be anaphylactic.

�� Infections
Data from Phase III trials showed that the rate 
of total infections was similar across groups. 
In the longest follow-up trial of 104  weeks, 
the incidence of infections was; 123  events 
per 100 patient-years in the combined adalim­
umab plus methotrexate group, 110 events per 
100  patient-years in the adalimumab mono­
therapy group, and 119 events per 100 patient-
years in the methotrexate monotherapy group 
[20]. Most were upper respiratory tract infections, 
bronchitis and urinary tract infections. In an 
analysis of 71 studies including 23,458 patients, 
the most frequently reported serious AEs across 
indications were infections [74].

Serious infections including sepsis, tuber­
culosis and other opportunistic infections were 
reported in clinical trials with adalimumab with 
rates ranging from 0 to 9% in the adalimumab 
groups and from 0 to 3% in the control groups. 
In surveillance studies reported by Abbott, in 
22,026 patients treated with adalimumab, the 
rate of reported active tuberculosis was 0.22 per 
100 patient-years and the rate of positive tuber­
culin test conversion was 0.07 per 100 patient-
years. Other serious opportunistic infections, 
some fatal, have been reported in the trials at an 
overall rate of 0.07 per 100 patient-years. Long-
term surveillance reports on adalimumab did not 
show an increased frequency in infections (or 
serious AEs) after exposure to the drug during 
additional years in patients with RA [75–77].

Data from registries showed an overall inci­
dence rate for serious infection to be between 31 
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and 36 per 1000 patient-years for TNF-a inhibi­
tors, mostly lower respiratory tract (34.2%) 
and skin and soft tissue infections (20.5%). In 
the Lombardy Rheumatoid Arthritis Network 
registry, the type of TNF-a inhibitor did not 
have an impact on the incidence or site of the 
infections [45], while the Gruppo Italiano Studio 
Early Arthritis registry reported a higher rate for 
infliximab (65.1/1000 patient-years; 95% CI: 
48.4–81.8) and adalimumab (23.7/1000 patient-
years; 95% CI: 13.1–34.2) compared with 
etanercept (12.8/1000 patient-years; 95% CI: 
6.3–19.4) [78]. Data from a large US health­
care organization also found that users of other 
BRMs, including adalimumab, had lower rates 
of infections requiring hospitalization compared 
with infliximab (abatacept: HR: 0.68; 95% CI: 
0.48–0.96; adalimumab: HR: 0.52; 95% CI: 
0.39–0.71; etanercept: HR: 0.64; 95%  CI: 
0.49–0.84; and rituximab: HR: 0.81; 95% CI: 
0.55–1.2) [79].

Regarding the incidence of tuberculosis, 
patients on TNF-a inhibitors were found to 
have higher rates than the general population 
[80–82]. A Spanish registry (Spanish Registry 
of Adverse Events of Biological Therapies in 
Rheumatic Diseases) reported an incidence of 
tuberculosis infection of 0.26 per 1000 patient-
years (95% CI: 0.12–0.57) in patients with RA 
on TNF-a inhibitors. In several registries, this 
incidence for tuberculosis was higher among 
infliximab and adalimumab (two monoclonal 
antibody-based drugs) compared with etanercept, 
a fusion protein [83–87].

Other opportunistic infections rates are also 
reported to be higher among TNF-a inhibitors 
users, and here again those rates were found to 
be lower with etanercept [84,85].

In addition, prior reports on data from the 
Rheumatoid Arthritis Observation of Biologic 
Therapy register suggests that there could be a 
trend to increased risk of shingles with the mono­
clonal TNF-a inhibitors (adalimumab and inf­
liximab), and not with etanercept [88]. However, 
a recent study on data from the British Society 
for Rheumatology Register found a significantly 
increased risk of shingles in those patients on 
TNF-a inhibitors compared with nonbiologic 
DMARDs, with the lowest risk being for adali­
mumab (adjusted HR: 1.5; 95% CI: 1.1–2.0) 
and highest for infliximab (HR: 2.2; 95% CI: 
1.4–3.4) [89].

�� Malignancies
Several observational studies have reported an 
increased risk of malignancy in patients treated 

with TNF-a inhibitors [90–96], but the issue 
remains controversial. Among 2360  patients 
treated with adalimumab in clinical trials, only 
18  patients developed cancer compared with 
11 patients of the 1459 patients in the control 
groups [19,20,23–26,28,30,31], including both solid and 
hematologic malignancies. Data available from 
large Swedish registers (more than 6000 patients) 
did not indicate an increased risk of developing 
cancer for patients with RA on TNF-a inhibitors 
(relative risk: 1.00; 95% CI: 0.86–1.15) [91]. Simi­
larly, the French pharmacovigilance system data 
did not indicate an increased risk of lymphoma 
during the early phase of TNF-a treatment [83]. In 
an analysis of 36 studies including 19,041 patients 
with immune-mediated inflammatory diseases, 
including RA treated with adalimumab, the 
cumulative rates of malignancy for treated patients 
were as expected in the general population [76]. 
Furthermore, a recent meta-analysis assessing the 
risk of malignancies in RA patients treated with 
BRMs (63 RCTs with 29,423 patients) did not 
find an increased risk of malignancy with the use 
of adalimumab (OR: 1.8; 95% CI: 0.61–5.4) or 
the other studied biologics [97].

�� Autoantibodies
Up to 12% of patients treated with adalimumab 
in RCTs developed positive antinuclear antibody 
titers compared with 7% in the control groups 
[19,20,23–26,28,30,31]. Only four out of 3046 patients 
treated with adalimumab developed lupus-like 
syndrome. Rates of conversion to positive anti-
dsDNA ranged from 4 to 12%, with none in 
the controls. Frequency of positive antibodies 
to adalimumab ranged from 0.7 to 44% [19,20,23–
26,28,30,31]. A recent study has demonstrated that 
more than half of patients on adalimumab pro­
duce antibodies to the drug in the first 28 weeks 
of treatment [98].

�� Other AEs
In clinical trials, only 4% of RA patients who 
received the approved dose of adalimumab 
(40 mg subcutaneously every other week), had 
alanine aminotransferase elevations (three-times 
higher than the normal upper limit) compared 
with 1.5% in the control group.Two cases of 
demyelinating disease out of 2778  patients 
treated with adalimumab were reported com­
pared with no events in the control groups [19–32]. 
Additionally, four patients in the adalimumab 
groups experienced pancytopenia or agranulocy­
tosis. There were no reports of congestive heart 
failure; however, based on previous experience 
with other TNF-a inhibitors, adalimumab is 
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contraindicated in moderate-to-severe heart fail­
ure (New York Heart Association class III/IV) 
and, according to the manufacturer and the FDA 
warning label, it should be used with caution in 
patients with milder heart failure.

�� Pregnancy
Adalimumab is considered to be a FDA Cat­
egory B drug. Studies evaluating prenatal tox­
icity conducted in monkeys at dosages up to 
100 mg/kg have revealed no evidence of harm 
to the fetus. A few case reports reported no neo­
natal abnormalities or maternal AEs [99–101]. A 
large survey sent to US rheumatologists found no 
increase in birth defects or miscarriage rates in 
417 women exposed to TNF-a inhibitors during 
pregnancy [102]. Two studies from the Organiza­
tion of Teratology Information Specialists report­
ing on the outcomes of pregnancies with expo­
sure to adalimumab did not find an increased risk 
or a specific pattern in birth defects [103,104]. The 
British Society for Rheumatology Biologics Reg­
ister, on the other hand, found a nonstatistically 
significant higher rate of spontaneous abortion 
among patients exposed to anti-TNF inhibitors at 
the time of conception compared with a control 
group (24 vs 10%; p = 0.31) [105].

Regulatory affairs
On 31 December 2002, adalimumab received 
FDA approval. The listed indication is “for 
reducing signs and symptoms and inhibiting 
the progression of structural damage in adult 
patients with moderately to severely active RA 
who have an inadequate response to one or more 
DMARDs”; on 30 July 2004, the indication was 
expanded to include “improving physical func­
tion” of RA patients; on 3 October 2005, the 
indication was expanded to recently diagnosed 
patients with moderately-to-severely active RA 
who were methotrexate naive, and its use was also 
approved for patients with psoriatic arthritis and 
ankylosing spondylitis. On 16 February 2007, 
the precautions section of the package insert was 
modified to add language regarding immuniza­
tions, and it was approved for use in patients with 
active Crohn’s disease who had an inadequate 
response to conventional therapy or infliximab. 
On 18 January 2008, adalimumab 40 mg was 
approved for the treatment of patients with 
chronic plaque psoriasis who are candidates for 
systemic therapy or phototherapy, and on 21 Feb­
ruary 2008 it was approved for juvenile idiopathic 
arthritis. On 19 November 2009, the FDA 
requested the manufacturer to include informa­
tion pertaining to the risk of malignancies with 

the use of the product, and on 8 April 2010 it 
required the manufacturer to include a risk eval­
uation and mitigation strategy to ensure that 
the benefits of adalimumab outweigh the risks. 
The same year, the FDA requested that infor­
mation on the risk of peripheral demyelination 
disorders, including Guillain–Barre syndrome, 
demyelinating polyneuropathy, multifocal motor 
neuropathy and systemic vasculitis, be provided. 
The following year more information had to be 
included with the full prescribing information: 
risk of hepatosplenic T-cell lymphoma, serious 
infections with the use of abatacept or anakinra, 
diverticulitis, appendicitis, pancreatitis, Ste­
vens–Jonhson syndrome and optic neuritis. In 
Europe, adalimumab was first approved in 2003 
for the treatment of RA, and later for ankylosing 
spondylitis, psoriatic arthritis, juvenile idiopathic 
arthritis, Crohn’s disease and psoriasis. The sum­
mary of product characteristics can be accessed 
on the EMA website [204].

Conclusion
Adalimumab is the first fully human monoclonal 
autoantibody against TNF-a. Published studies 
have shown that it is efficacious in the man­
agement of patients with RA, especially when 
combined with methotrexate. It is relatively well 
tolerated, with a safety profile comparable with 
other TNF-a inhibitors. The most serious con­
cerns about its safety relate to the development of 
serious infections, but this appears to be compa­
rable with what is observed with other biologics.

Future perspective
The importance of early and effective treatment 
in patients with RA has been the focus of most 
recent guidelines for the management of RA [4]. 
With a better understanding of its pathogenesis, 
and the development of new targeted therapies, 
better outcomes are now more attainable. This 
significant shift in management strategies was 
driven by the introduction of BRMs almost two 
decades ago, with TNF-a inhibitors still being 
the most widely used agents. Some questions 
regarding TNF-a inhibitors, including adalim­
umab, remain unanswered, including long-term 
safety, how much the recommended dose can be 
escalated in patients with partial response, and 
whether (and when) therapy can be discontin­
ued in patients achieving remission. Despite the 
increase in RRs with the current available agents, 
and more aggressive early therapeutic strategies, 
a proportion of RA patients do not respond to 
treatment and their disease progresses. There 
is a pressing need to better control the disease, 
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with the ultimate goal of a cure in the future. 
This is the focus of new research and drug 
development. There are several new agents in 
the pipeline that target the same inflammatory 
pathways as already-approved agents, such as the 
newer human anti-CD-20 B-cell blocker (ofatu­
mumab [106,107]), other potential B-cell targets 
(B-lymphocyte stimulator, Toll-like receptors 
and different surface receptors and markers) 
and other chemokines. Smaller molecules with 
enhanced specificity in their function such as the 

Janus kinase inhibitors are in the final phases of 
development with promising results [108,109].

Finally, with the increasing numbers of avail­
able agents, their variety in toxicity and cost, and 
the overwhelming data about their efficacy, the 
choice of therapy has become ever more complex. 
A major area for development is the identifica­
tion of predictive disease/patient characteristics 
or biological markers [110,111], which may help 
clinicians understand who might respond to one 
specific compound rather than another. Such 

Executive summary

Mechanism of action

�� Adalimumab is a recombinant human IgG1 monoclonal antibody that binds to TNF-a and inhibits its inflammatory effects by blocking 
the interaction with the p55 and p75 cell surface TNF-a receptors.

Pharmacokinetic properties

�� Absorption and distribution is slow, with peak serum concentrations being reached approximately 5 days after administration. 

�� The average absolute bioavailability is estimated in 64% following a single subcutaneous dose of 40 mg. 

�� Concentrations are dose proportional.

�� After a dose of 40 mg:
–	 Clearances range from 11–15 ml/h; 
–	 Distribution volumes range from 5–6 l; 
–	 Mean terminal phase half-life is 2 weeks.

Clinical efficacy

�� The ACR50 response of patients treated with adalimumab plus methotrexate was significantly better than patients treated with 
methotrexate alone from 4 to 104 weeks. ACR response rates were maintained in the majority of patients followed up to 5 years.

�� Clinical remission (DAS28: <2.6) was more likely achieved by patients treated with adalimumab plus methotrexate compared with 
patients treated with methotrexate monotherapy or adalimumab monotherapy at 52 weeks.

�� Reduction in the rate of progression of structural damage is significantly greater in patients treated with combined adalimumab plus 
methotrexate than with methotrexate or adalimumab alone at 104 weeks.

�� All doses of adalimumab in 12 trials showed statistically significantly greater improvement in the disability index of the Health 
Assessment Questionnaire from baseline to 52 weeks compared with control groups. Only two trials showed no differences at 52 and 
104 weeks between groups.

Safety & tolerability

�� Most common side effects are:
–	 Injection site reactions;
–	 Respiratory tract infections;
–	 Headache;
–	 Abdominal pain;
–	 Nausea and vomiting;
–	 Rash;
–	 Musculoskeletal pain.

�� There is potential risk of:
–	 Serious infections such as active tuberculosis, sepsis, and opportunistic infections; 
–	 Worsening of heart failure (New York Heart Association class III/IV);
–	 Malignancies and lymphoproliferative disorders;
–	 Development of lupus-like syndrome;
–	 Birth defects or spontaneous abortions.

Drug interactions

�� The concomitant use with other biologic agents can increase the risk of infection and no increase of clinical benefit (specifically 
anakinra and abatacept).

�� Should not be used in patients who have hypersensitivity to adalimumab or to any of the excipients.

Dosage & administration

�� Adalimumab is packaged as a 40 mg solution for injection in prefilled syringe. However, it is also available as a vial or prefilled pen. It is 
administered subcutaneously every other week.
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