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Methotrexate monotherapy for rheumatoid arthritis is considered efficacious
and safe, but an inadequate treatment response and intolerance are
common. Patients unresponsive to methotrexate or other disease-modifying
antirheumatic drugs may receive biologic disease-modifying antirheumatic
drugs (bDMARDs) as monotherapy, or in combination with methotrexate.
Of the 17 bDMARD monotherapy clinical trials reviewed here, studies with
tocilizumab consistently demonstrated superiority over methotrexate for
clinical signs, symptoms and radiographic progression. Evidence for clinical
outcomes with anti-TNF agents is less consistent, although adalimumab and
etanercept slow radiographic progression. Evidence for other bDMARDs is
limited, but rituximab and abatacept may have clinical efficacy. In conclusion,
available data suggest tocilizumab is the treatment of choice where
methotrexate is considered unsuitable as a co-therapy.
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Rheumatoid arthritis (RA) is a chronic systemic inflammatory condition characterized by joint pain, stiffness and swelling due to synovial inflammation and
effusion, and can lead to destruction of joints resulting in disability. The American
College of Rheumatology (ACR) and The European League Against Rheumatism
guidelines for the treatment of RA recommend methotrexate (MTX) as first-line
monotherapy, or in combination with other disease-modifying antirheumatic drugs
(DMARDs) [1,2] . For those patients who do not respond to MTX or other DMARDs
(sequentially or in combination), adding a biologic DMARD (bDMARD) to the
treatment regimen is typically considered as the next step.
Methotrexate is considered the anchor drug in RA, both on the basis of its efficacy and safety as monotherapy, as well as its ability to increase the efficacy of
bDMARDs when used in combination [3] . It is also often used in combination with
other nonbiologic DMARDs. MTX may also provide survival benefit by reducing cardiovascular mortality [4] . However, approximately 10-30% of RA patients
are MTX-intolerant and discontinuation is common in clinical practice [4] . The
most common adverse effects of MTX are ulcerative stomatitis, leukopenia, nausea and abdominal distress [5] . For those patients who require treatment with a
bDMARD and cannot tolerate MTX, combination therapy with other DMARDs
or biological monotherapy is necessary. Moreover, in a growing culture of polypharmacy, the need for biologic monotherapy options may be important for RA
patients who are also receiving treatment for other conditions such as osteoporosis
or cardiovascular disease.
The aim of this paper is to review the evidence for efficacy of bDMARD monotherapy in RA. A literature search for clinical trial data on biologic monotherapy
in RA published between 1990 and April 2011 was conducted using PubMed.
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The following search terms were used: rheumatoid
arthritis, biologic, monotherapy, disease-modifying
antirheumatic drugs, DMARDs, anti-TNF inhibitor,
interleukin inhibitor, T-cell inhibitor, B-cell inhibitor,
etanercept, adalimumab, certolizumab pegol, golim
umab, anakinra, abatacept, tocilizumab and rituximab.
Included studies were limited to clinical trials only, and
no head-to-head studies between bDMARD monotherapy were identified. Titles and abstracts of all identified

references were screened. Articles that clearly did not
address the search terms were excluded and selected
articles were reviewed in full. Where possible, data for
approved doses of the particular product under review
were included. The outcomes reported were ACR20,
ACR50, ACR70 and 28-joint count Disease Activity
Score (DAS28) remission (DAS28 <2.6) rates and
change in Sharp scores at either 6 or 12 months (where
available). A total of 17 biologic monotherapy clinical

Table 1. Baseline characteristics in trials evaluating monotherapy.
Trial

Biologic

Active
comparator

N

Disease
duration†

DAS

Patient population Radiographic
assessment

Moreland
et al. (1999)

Etanercept

No

234

11–13

N/R

DMARD-IR

No

[8]

ERA

Etanercept

MTX

632

11–12
months

N/R

MTX-naive

Yes

[6,9]

TEMPO

Etanercept

MTX

686

6.3–6.8

5.5–5.7‡

DMARD-IR

Yes

[10,11]

COMET

Etanercept

MTX

398

8.8–9.3
months

§

5.0–6.5

MTX-naive
+ TNFi-naive

Yes

[13]

The
Etanercept
Study 309
Investigators

Etanercept

SSZ

260

5.6–7.1

5.0–5.2§

SSZ-IR
+ TNFi-naive

No

[7]

van de Putte
et al. (2004)

Adalimumab

No

544

9.3–11.9

7.02–7.09§ DMARD-IR

No

[17]

PREMIER

Adalimumab

MTX

799

0.7–0.8

6.3–6.4§

MTX-naive

Yes

[18]

FAST4WARD

Certolizumab
pegol

No

220

8.7–10.4

6.3

DMARD-IR

No

[19]

GO-BEFORE

Golimumab

MTX

637

2.9–4.1

6.2–6.3§

MTX-naive

Yes

[21,41]

GOFORWARD

Golimumab

MTX

444

4.5–6.7

5.9–6.1§

MTX-IR

Yes

[22,41]

AMBITION

Tocilizumab

MTX

673

6.2–6.4

6.8¶

MTX-naive/free
+ TNFi-naive/free

No

[28]

SAMURAI

Tocilizumab

DMARDs

302

2.2–2.4

6.5§

DMARD-IR

Yes

[29]

SATORI

Tocilizumab

MTX

125

8.5–8.7

6.1–6.2

MTX-IR

No

[30,31]

Bresnihan
et al. (1998)

Anakinra

No

472

3.7–4.3

N/R

DMARD-IR

Yes

[33]

Moreland
et al. (2002)

Abatacept

No

214

10.6–13.0

N/R

DMARD-IR

No

[36]

ARRIVE

Abatacept

No

1046 #

11.6

6.2††

TNF-IR

No

[37]

MTX

161

9–12

6.8–6.9

MTX-IR

No

[39]

Edwards et al. Rituximab
(2004)
†

Values are years except where indicated.

‡

DAS.

§
¶

¶

§

‡‡

Ref.

DAS in 28 Joints (DAS 28).

DAS28 assessed using erythrocyte sedimentation rate.

#

n = 43 in open-label monotherapy substudy.

††

DAS28 assessed using C-reactive protein.

‡‡

DAS28 and patient self-assessment of disease activity substudy.

DAS: Disease activity score; DMARD: Disease-modifying antirheumatic drug; IR: Inadequate response; MTX: Methotrexate; SSZ: Sulfasalazine; TNFi: Anti-TNF agent.
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Figure 1. American College of Rheumatology 20% improvement criteria (ACR20) responses at 6 months in monotherapy trials. Results shown are for approved doses
with the exception of golimumab (dose shown = 100 mg; approved dose = 50 mg). Abatacept results are at day 85.
*p-value not reported.
Data taken from [7–10,17–19,22,23,28,30,31,36,39].
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Etanercept is approved for use as monotherapy in
patients with active RA [6] . Compared with placebo and
sulfasalazine monotherapy in different trials, etanercept
was superior in all clinical outcomes reported, including
ACR scores and the DAS28 [7,8] . However, etanercept
(25 mg twice weekly) appeared to show similar clinical outcomes to MTX monotherapy (17–19 mg/week)
at 6 months with respect to clinical outcomes in both
the ERA and TEMPO studies [9,10] , although it was
superior to MTX at earlier timepoints in the ERA study
(Figures 1–3) [6,9] .
In the ERA study, the primary efficacy end point
was numeric ACR area under the curve (ACR-N AUC)
at 6 months, which represents the cumulative response
over time. At 3, 6, 9 and 12 months, patients in the
etanercept group had significantly greater AUCs for
ACR-N than patients in the MTX (group p < 0.05 at
all time points) [9] . However, this was due to an earlier
response in the etanercept group. By 6 months, separation between etanercept and MTX was apparent only for
ACR70 (p < 0.05) but not ACR20 or ACR50. Thereafter,
responses were similar between the two groups and
differences were not significant at 12 months [9] .
In the TEMPO study, there was no statistically significant difference in ACR20, ACR50 or ACR70 responses
at week 24 between the etanercept monotherapy and
MTX monotherapy (Figures 1–3) groups  [6,10] . Similarly,
no differences in DAS28 remission (DAS28 < 2.6)
between monotherapy groups were observed at week 24
(Figure 4) [11] .
The COMET study compared etanercept in combination with MTX versus MTX monotherapy during the
first year, and then etanercept monotherapy was investigated in the second year [12,13] . Removing MTX resulted
in a decrease in clinical and radiographic responses at
week 104 compared with etanercept plus MTX. Clinical
remission (DAS28 <2.6) at week 104 was achieved by 57
and 50% in the combination and step-down regimens,
respectively. Similar results were reported in a 24-week
Japanese study that compared the addition of etanercept
to MTX with the substitution of etanercept for MTX in
patients with active RA and an inadequate response to
MTX where the ACR20 response rate was significantly
greater in the combination group [14] . In the ADORE
study, which compared etanercept monotherapy or

Methotrexate

■■ Etanercept

Placebo

Antitumour necrosis factor agents

Patients (%)

trials in RA were identified; a summary of the study
drugs, patient characteristics and end points assessed
is provided in Table 1. The patient populations varied widely with respect to disease duration and outcomes measured, but all studies included subjects with
active disease.
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Figure 2. American College of Rheumatology 50% improvement criteria (ACR50) responses at 6 months in monotherapy trials. Results shown are for approved doses
with the exception of golimumab (dose shown = 100 mg; approved dose = 50 mg). Abatacept results are at day 85.
*p-value not reported.
†
Non-inferiority criterion was met suggesting that response was similar.
Data taken from [7–10,17–19,22,23,28,30,31,36,39].
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etanercept plus MTX, ACR20, ACR50 and ACR70
response rates were similar between the two treatment
groups at week 16 [15] .
■■ Adalimumab

Adalimumab is also approved for use as monotherapy
for RA [16] . In a placebo-controlled trial, patients receiving adalimumab 40 mg fortnightly demonstrated significantly higher response rates in terms of ACR20
(p ≤ 0.001), ACR50 and ACR70 (both p ≤ 0.01) at
week 26 [17] .
In the PREMIER study, there were three treatment
arms: adalimumab as monotherapy, MTX monotherapy, and adalimumab in combination with MTX
in patients with active RA for up to 3 years disease
duration and with no previous exposure to MTX [18] .
MTX monotherapy produced numerically, but
not statistically higher, ACR20, ACR50 and ACR70
responses than adalimumab monotherapy at weeks
26 (Figures 1–3), 52, 76 and 104 [16,18] . Clinical remission (DAS28 < 2.6) at week 52 was achieved by 23%
of patients in the adalimumab monotherapy group
and 21% of patients in the MTX monotherapy group
(Figure 4) [18] .
■■ Certolizumab pegol

Certolizumab pegol is approved as monotherapy and is
superior to placebo in terms of ACR responses, but there
are no comparative data with MTX (Figures 1–3) [19,20] .
■■ Golimumab

In both the GO-BEFORE and GO-FORWARD studies [21,22] , golimumab monotherapy at a dose of 100 mg
(note that the licensed dose is 50 mg once a month in
combination with MTX [23]) administered subcutaneously once a month was not superior to MTX monotherapy at any time point (Figures 1–3) [21,22] . However,
there was a trend toward a superior DAS28 (assessed
using erythrocyte sedimentation rate [ESR]) remission
rate at 6 months with golimumab (p = 0.087) (Figure 4)
[22] . Golimumab is not currently approved for use as a
monotherapy in RA, only in combination with MTX [23] .
■■ Infliximab

Infliximab is only approved in combination with
MTX [24,25] . To the best of our knowledge there are
no randomized controlled trials comparing infliximab
monotherapy with MTX monotherapy.
IL-6 inhibitors
■■ Tocilizumab

Tocilizumab is approved for use as monotherapy, at
8 mg/kg given once every 4 weeks, as an intravenous
infusion (although the recommended starting dose in

future science group

The recommended dose for rituximab is 1000 mg by
intravenous infusion followed by a second 1000 mg intravenous infusion 2 weeks later. The drug is not approved
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Figure 3. American College of Rheumatology 70% improvement criteria (ACR70) responses at 6 months in monotherapy trials. Results shown are for approved doses
with the exception of golimumab (dose shown = 100 mg; approved dose = 50 mg). Abatacept results are at day 85.
*p-value not reported.
Data taken from [7–10,17–19,22,23,28,30,31,36,39].

■■ Rituximab

Certolizumab pegol

The approved dose of abatacept is 10 mg/kg, administered intravenously at weeks zero, two and four, and
every 4 weeks thereafter [34] . The drug is approved
for use as monotherapy in the USA, but not in other
countries [34,35] .
In a Phase II study, the efficacy of different doses of
abatacept monotherapy were investigated in DMARDinadequate response (IR) patients (Table 1) [36] . At day 5,
ACR20, ACR50 and ACR70 responses were numerically greater with abatacept 10 mg/kg versus placebo, but
statistical significance was not reported (Figures 1–3) [36] .
Although not randomized, ARRIVE was an openlabel study of abatacept in patients with an inadequate
response to anti-TNF therapy (Table 1) [37] . The majority of patients received abatacept in combination with
DMARDs. However, a small proportion (n = 43) of
the US patients in the trial received abatacept monotherapy. Of the monotherapy patients, 48.8% achieved
a clinically meaningful improvement in DAS28 assessed
using C-reactive protein (a decrease from baseline of
≥1.2 units), compared with 56.1% of patients receiving
abatacept plus background DMARD [37] .

Adalimumab

■■ Abatacept

Etanercept

Anakinra is currently approved as a monotherapy
or in combination with DMARDs at a dose of
100 mg/day administered subcutaneously [30] . Anakinra
monotherapy has demonstrated modest clinical efficacy,
but not superiority compared with placebo, although
the approved dose was not evaluated [32,33] .

Placebo

■■ Anakinra
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Other bDMARDS

Patients (%)

the USA is 4 mg/kg, followed by an increase to 8 mg/kg
based on clinical response) [26,27] . There have been
three Phase III monotherapy trials to date [28–31] . In all
three studies, DAS28 remission with tocilizumab was
superior to MTX at 6 and 12 months (Figure 4). The
lower remission rates in the MTX arms in the Japanese
studies (i.e., SAMURAI and SATORI) compared with
AMBITION most likely reflect the lower approved
doses of MTX in Japan. ACR20, ACR50 and ACR70
response rates were also superior with tocilizumab in
the two studies where they are reported (i.e., SATORI
and AMBITION) (Figures 1–3) . An increased frequency
of abnormal hepatic enzymes has been shown with
the combination of MTX and tocilizumab, but liver
enzyme elevations are less common with tocilizumab
monotherapy than MTX monotherapy [26] .
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Figure 4. Disease activity score remission at 6 and 12 months in monotherapy trials. Results shown are for
approved doses with the exception of golimumab (dose shown = 100 mg; approved dose = 50 mg).
*p-value not reported.
DMARD: Disease-modifying antirheumatic drug.
Data taken from [11,18,21,22,28–31].

for use as monotherapy in RA [38] . In a Phase II trial,
rituximab monotherapy demonstrated superior clinical efficacy versus MTX in terms of ACR20 response
in MTX-IR patients, with a consistent trend toward
superiority of ACR50 and ACR70 responses [39] . Similar
results were seen in a small 16-week study of rituximab
monotherapy versus the combination of rituximab plus
MTX [40] .
Radiographic outcomes

Radiographic disease progression, assessed using total
Sharp score has been shown to be slower with etanercept
monotherapy than with MTX over 6 months, but not at
12 months in the ERA study [9] . When looking at Sharp
erosion score, there was a significant improvement at
both 6 months (0.30 vs 0.68; p = 0.001), and 12 months
(0.47 vs 1.03; p = 0.002) with etanercept versus MTX
[9] . In the TEMPO study, the mean change from baseline in modified TSS (mTSS) at week 52 was 2.80 units
in the MTX monotherapy group, and 0.52 units in the
etanercept monotherapy group (p = 0.0469 vs MTX);
a statistically significant improvement in erosion score
was also seen with etanercept monotherapy (p = 0.002)
(Table 2) [10] .
In COMET, radiographic nonprogression (mean
change in modified total Sharp/van de Heijde score
[mTSS] ≤ 0.5) at week 104 was achieved by 90 and 75%
of patients, respectively (p = 0.008) [13] . Adalimumab
monotherapy was more effective than MTX at inhibiting radiographic progression, reflected by a significantly
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lower mean increase in mTSS in the adalimumab group
than the MTX group at week 52 (3.0 vs 5.7 units)
and week 104 (5.5 vs 10.4 units; both p < 0.001) [18] .
The mean change in erosion score at week 52 was
significantly lower with adalimumab than MTX
(p < 0.001) [18] .
In both the GO-BEFORE and GO-FORWARD
studies, golimumab monotherapy, was no different to
MTX monotherapy although rates of change were low
in both groups [21,22,41] . For tocilizumab monotherapy, there was significantly less radiographic change
in mTSS at week 52 compared with patients receiving conventional systemic DMARDs, primarily MTX
(p < 0.01) [29] . Similarly, the change in erosion score
was significantly lower with tocilizumab monotherapy
(p < 0.001) [29] . There were no monotherapy studies
with radiographic end points for other bDMARDs
reviewed here.
Conclusion

There are relatively few published studies for bDMARD
monotherapy. Of these, monotherapy with tocilizumab
has consistently shown superiority over MTX for signs,
symptoms and radiographic progression. For anti-TNF
agents, there is much less consistency in the published
data. Etanercept has a faster onset of action than MTX
at a mean dose of 19 mg/week, but from 6 months there
is no difference between groups [9] . For other anti-TNF
agents there is no evidence suggesting that they are
superior for signs and symptoms.

future science group

future science group
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mTSS: Modified total Sharp score.

36.7
GOFORWARD

28.3

[41]

NS
0.23
0.17
19.1
18.7
0.967
0.89
1.10

19.7

37.4

[41]

NS
0.76
0.74
11.7
11.3
0.266
1.25
1.37

[18]

GOBEFORE

20.4

0.0077

<0.001
1.7

0.21
1.68

3.7
11.3

8.0
11.5

13.6
<0.001

0.0469
0.52
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5.7
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18.8

[10,11]

[6,9]
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Biologic
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Biologic
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ERA

Mean change in sharp erosion score p-value
Baseline sharp erosion score
p-value
Mean change in mTSS
Baseline mTSS
Trial

Table 2. Radiographic outcomes reported in key clinical trials for biologic monotherapy at baseline and at 52 weeks.

However, in terms of radiographic outcomes, convincing evidence is available for adalimumab in early
disease [18] , and there is suggestive evidence supporting etanercept in both the ERA and TEMPO studies
(although only the latter was significant) [9,10] . There is
currently no evidence to suggest that golimumab affects
radiographic progression, although the rate of change
in the MTX arm was small, which may be a result of
including patients with less severe disease [21,22,41] . This
disconnect between signs and symptoms and radiographic progression for anti-TNF agents is somewhat
hard to explain, but this observation has also been
shown for denosumab, which slows radiographic disease progression but has no effect on clinical signs and
symptoms [42] . In this context, it is noteworthy that both
anti-TNF agents and tocilizumab rapidly decrease bone
turnover markers, which may reflect both direct and
indirect effects on bone [43–45] suggesting this disconnect may be due to an additional direct effect on bone.
For clinical outcomes only, there is suggestive, but not
totally consistent, evidence for the other bDMARDs
rituximab and abatacept [37,39] .
These studies suggest that tocilizumab may be the
treatment of choice where MTX is not considered suitable for use as a co-therapy. Consistent with this, preliminary week 24 results from the ACT-RAY study also
demonstrate that tocilizumab plus MTX does not have
superior clinical efficacy to tocilizumab alone in patients
with inadequate response to MTX [46] . This appears more
applicable in light of the liver data, which suggest that
combination therapy is more likely to cause liver function abnormalities. However, there are limited data comparing MTX plus tocilizumab versus tocilizumab alone
[47] , and radiographic data are also limited; thus, further
studies are needed to make this conclusion more robust.
Anti-TNF agents appear to function well with MTX
without any appreciable increase in toxicity, which
may support their optimum use in combination with
MTX even when some are approved as monotherapy.
Although a number of anti-TNF agents are superior
to placebo or sulfasalazine, the magnitude of benefit is
quite small, as shown in this review. In most countries,
abatacept and rituximab are not approved as monotherapy, but Phase II data reviewed here suggest that
they could be considered as such. There are few data
available for bDMARDs in combination with other traditional DMARDs, with the exception of leflunomide
and anti-TNF agents, which may offer a more tolerable
alternative to MTX [48] .
While the scope of our review has been limited to the
results of clinical trials with biologic monotherapy in RA,
it is important to acknowledge the findings of ‘real-life’
health outcomes data from RA registries that complement clinical trial evidence. For example, data from the
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Consortium of Rheumatology Researchers of North
America (CORRONA) registry confirm the increasing
use of TNF inhibitors as monotherapy in the treatment
of both early and established RA in clinical practice [49] .
In this large cohort of RA patients, 30% of those treated
with TNF inhibitors received them as monotherapy [49] .
We have outlined in this paper the efficacy of biologic
agents as a monotherapy and have reviewed evidence
that monotherapy with the IL-6 inhibitor tocilizumab
produced superior treatment outcomes compared with
MTX. These developments may impact on the current
treatment paradigm for biologics in RA.
Finally, the clinical use of biologic monotherapy
raises the possibility that the function of single cytokines in RA can be analyzed in vivo to further elucidate
the pathogenic mechanisms of disease and appropriate
therapeutic targets. However, the pathophysiology of RA
is complex and may involve many molecules and multiple proinflammatory cytokines, including IL-6 and
TNF. Therefore, the value in taking an in vivo approach
to determine therapeutic targets may be limited.
Future perspective

The use of anti-TNF agents in RA is widespread and
there is considerable experience of these drugs as a firstline treatment, particularly for patients with severe RA.
In patients who are intolerant to MTX and those who

are refractory to anti-TNF regimens, tocilizumab is
likely to become the monotherapy of choice once more
clinical experience is gained. The publication of longterm safety data will further support its use, in addition
to the consistent evidence of its efficacy emerging from
clinical trials. Despite this, there is a paucity of headto-head studies comparing bDMARDs as monotherapy
for RA and, in an increasingly crowded market, there is
a need for robust comparative data to support evidencebased treatment strategies for individual patients. With
this in mind, there is also a clear need to define appropriate predictors of response to different bDMARDs
that will help inform rational treatment decisions in
RA over the next 5–10 years.
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Executive summary
■■ Methotrexate (MTX) is the anchor drug in rheumatoid arthritis (RA) on the basis of its efficacy and safety as monotherapy, and its
ability to increase the efficacy of biologic disease-modifying antirheumatic drugs (bDMARDs) when used in combination.
■■ 10–30% of RA patients are MTX-intolerant and discontinuation is common. Combination therapy with other DMARDs or
biological monotherapy may be necessary.
■■ Of the bDMARD monotherapy data available, anti-TNF agents have shown inconsistent superiority to MTX in clinical outcomes
(American College of Rheumatology and Disease Activity Score in 28 joints responses).
■■ Monotherapy with etanercept or adalimumab (but not other anti-TNFs) is more effective than MTX monotherapy in reducing
radiographic progression as assessed by modified total Sharp scores and erosion scores.
■■ Tocilizumab monotherapy has consistently demonstrated superiority to MTX in reducing clinical signs, symptoms and
radiographic progression.
■■ Other bDMARDs such as rituximab and abatacept may also be superior to MTX for signs and symptoms.
■■ Available data suggest that tocilizumab should be the treatment of choice where MTX is not considered suitable for use as
a co-therapy.

Bibliography

2

Papers of special note have been highlighted as:
of interest
of considerable interest
n

n  n

1

Saag KG, Teng GG, Patkar NM et al.
American College of Rheumatology 2008
recommendations for the use of nonbiologic
and biologic disease-modifying
antirheumatic drugs in rheumatoid arthritis.
Arthritis Rheum. 59(6), 762–784 (2008).

1298

n

Smolen JS, Landewe R, Breedveld FC et al.
EULAR recommendations for the
management of rheumatoid arthritis with
synthetic and biological disease-modifying
antirheumatic drugs. Ann. Rheum. Dis. 69(6),
964–975 (2010).

3

Pincus T, Yazici Y, Sokka T, Aletaha D,
Smolen JS. Methotrexate as the ‘anchor drug’
for the treatment of early rheumatoid
arthritis. Clin. Exp. Rheumatol.
21(5 Suppl. 31), S179–S185
(2003).

Provides clear evidence-based
recommendations for the use of available
biologic disease-modifying antirheumatic
drugs (bDMARDS) in rheumatoid
arthritis (RA).

4

Salliot C, van der Heijde D. Long-term safety
of methotrexate monotherapy in patients with
rheumatoid arthritis: a systematic literature
research. Ann. Rheum. Dis. 68(7), 1100–1104
(2009).

www.future-science.com

future science group

Biologic monotherapy for the treatment of rheumatoid arthritis

5

Methotrexate injection USP, prescribing
information. Hospira, USA (2010).

6

Enbrel®, prescribing information. Pfizer
Inc., USA (2011).

7

8

9

n  n

10

11

12

13

14

Combe B, Codreanu C, Fiocco U et al.
Etanercept and sulfasalazine, alone and
combined, in patients with active
rheumatoid arthritis despite receiving
sulfasalazine: a double-blind comparison.
Ann. Rheum. Dis. 65(10), 1357–1362
(2006).
Moreland LW, Schiff MH, Baumgartner
SW et al. Etanercept therapy in rheumatoid
arthritis. A randomized, controlled trial.
Ann. Intern. Med. 130(6), 478–486 (1999).
Bathon JM, Martin RW, Fleischmann RM
et al. A comparison of etanercept and
methotrexate in patients with early
rheumatoid arthritis. N. Engl. J. Med.
343(22), 1586–1593 (2000).

15

Klareskog L, van der Heijde D, de Jager JP
et al. Therapeutic effect of the combination
of etanercept and methotrexate compared
with each treatment alone in patients with
rheumatoid arthritis: double-blind
randomised controlled trial. Lancet
363(9410), 675–681 (2004).
van der Heijde D, Klareskog L, RodriguezValverde V et al. Comparison of etanercept
and methotrexate, alone and combined, in
the treatment of rheumatoid arthritis:
two-year clinical and radiographic results
from the TEMPO study, a double-blind,
randomized trial. Arthritis Rheum. 54(4),
1063–1074 (2006).

Kameda H, Ueki Y, Saito K et al. Etanercept
(ETN) with methotrexate (MTX) is better
than ETN monotherapy in patients with

future science group

24

Remicade®, prescribing information.
Schering-Plough Pty Limited, Australia
(2011).

van Riel PL, Taggart AJ, Sany J et al. Efficacy
and safety of combination etanercept and
methotrexate versus etanercept alone in
patients with rheumatoid arthritis with an
inadequate response to methotrexate: the
ADORE study. Ann. Rheum. Dis. 65(11),
1478–1483 (2006).

25

Remicade®, prescribing information.
Centocor Ortho Biotech Inc., USA (2011).

26

Actemra®, prescribing information. Roche,
Australia (2011).

27

Actemra®, prescribing information. Roche,
USA (2011).

28

Jones G, Sebba A, Gu J et al. Comparison of
tocilizumab monotherapy versus methotrexate
monotherapy in patients with moderate to
severe rheumatoid arthritis: the AMBITION
study. Ann. Rheum. Dis. 69(1), 88–96 (2010).

Humira®, prescribing information. Abbott
Laboratories, USA (2011).

17

van de Putte LB, Atkins C, Malaise M et al.
Efficacy and safety of adalimumab as
monotherapy in patients with rheumatoid
arthritis for whom previous disease
modifying antirheumatic drug treatment has
failed. Ann. Rheum. Dis. 63(5), 508–516
(2004).

18

19

Breedveld FC, Weisman MH, Kavanaugh AF
et al. The PREMIER study: a multicenter,
randomized, double-blind clinical trial of
combination therapy with adalimumab plus
methotrexate versus methotrexate alone or
adalimumab alone in patients with early,
aggressive rheumatoid arthritis who had not
had previous methotrexate treatment.
Arthritis Rheum. 54(1), 26–37 (2006).
Fleischmann R, Vencovsky J,
van Vollenhoven RF et al. Efficacy and safety
of certolizumab pegol monotherapy every 4
weeks in patients with rheumatoid arthritis
failing previous disease-modifying
antirheumatic therapy: the FAST4WARD
study. Ann. Rheum. Dis. 68(6), 805–811
(2009).

20

Cimzia® UCB, prescribing information.
Pharma Inc., USA (2010).

21

Emery P, Fleischmann RM, Moreland LW
et al. Golimumab, a human anti-tumor
necrosis factor alpha monoclonal antibody,
injected subcutaneously every four weeks in
methotrexate-naive patients with active
rheumatoid arthritis: twenty-four-week
results of a Phase III, multicenter,
randomized, double-blind, placebocontrolled study of golimumab before
methotrexate as first-line therapy for
early-onset rheumatoid arthritis. Arthritis
Rheum. 60(8), 2272–2283 (2009).

Emery P, Breedveld FC, Hall S et al.
Comparison of methotrexate monotherapy
with a combination of methotrexate and
etanercept in active, early, moderate to
severe rheumatoid arthritis (COMET): a
randomised, double-blind, parallel
treatment trial. Lancet 372(9636), 375–382
(2008).
Emery P, Breedveld F, van der Heijde D
et al. Two-year clinical and radiographic
results with combination etanerceptmethotrexate therapy versus monotherapy in
early rheumatoid arthritis: a two-year,
double-blind, randomized study. Arthritis
Rheum. 62(3), 674–682 (2010).

active rheumatoid arthritis despite MTX
therapy: a randomized trial. Mod.
Rheumatol. 20(6), 531–538 (2010).

16

Demonstrates the rapid efficacy of
etanercept in reducing clinical symptoms
and joint damage in early RA, highlighting
the role of TNF inhibition in managing
the disease.

22

23

Review: Clinical Trial Outcomes

Keystone EC, Genovese MC, Klareskog L
et al. Golimumab, a human antibody to
tumour necrosis factor (a) given by monthly
subcutaneous injections, in active rheumatoid
arthritis despite methotrexate therapy: the
GO-FORWARD Study. Ann. Rheum. Dis.
68(6), 789–796 (2009).
Simponi®, prescribing information. Centocor,
USA (2010).

Clin. Invest. (2011) 1(9)

n  n

29

n  n

Demonstrates the efficacy and safety of
tocilizumab in monotherapy versus
methotrexate (MTX) outside Japan.
Nishimoto N, Hashimoto J, Miyasaka N
et al. Study of active controlled monotherapy
used for rheumatoid arthritis, an IL-6
inhibitor (SAMURAI): evidence of clinical
and radiographic benefit from an x ray
reader-blinded randomised controlled trial of
tocilizumab. Ann. Rheum. Dis. 66(9),
1162–1167 (2007).
Demonstrates the clinical and radiographic
efficacy of tocilizumab in monotherapy,
supporting evidence that tocilizumab
inhibits structural joint damage.

30

Nishimoto N, Miyasaka N, Yamamoto K
et al. Efficacy and safety of tocilizumab in
monotherapy, an anti-IL-6 receptor
monoclonal antibody, in patients with active
rheumatoid arthritis: results from a 24-week
double-blind Phase III study. Ann. Rheum.
Dis. 65(Suppl. 2), S59 (2006).

31

Nishimoto N, Miyasaka N, Yamamoto K
et al. Study of active controlled tocilizumab
monotherapy for rheumatoid arthritis patients
with an inadequate response to methotrexate
(SATORI): significant reduction in disease
activity and serum vascular endothelial
growth factor by IL-6 receptor inhibition
therapy. Mod. Rheumatol. 19(1), 12–19
(2009).

n  n

Demonstrates the clinical efficacy of
tocilizumab as monotherapy in RA patients
who had previously failed MTX treatment.

32

Kineret ®, prescribing information. Biovitrum,
USA (2009).

33

Bresnihan B, Alvaro-Gracia JM, Cobby M
et al. Treatment of rheumatoid arthritis with
recombinant human interleukin-1 receptor
antagonist. Arthritis Rheum. 41(12),
2196–2204 (1998).

34

Orencia®, prescribing information. BristolMyers Squibb, Australia (2011).

1299

Review: Clinical Trial Outcomes
35

Orencia®, prescribing information. BristolMyers Squibb, USA (2011).

36

Moreland LW, Alten R, Van den Bosch F
et al. Costimulatory blockade in patients with
rheumatoid arthritis: a pilot, dose-finding,
double-blind, placebo-controlled clinical trial
evaluating CTLA-4Ig and LEA29Y eighty‑five
days after the first infusion. Arthritis Rheum.
46(6), 1470–1479 (2002).

37

Schiff M, Pritchard C, Huffstutter JE et al. The
6‑month safety and efficacy of abatacept in
patients with rheumatoid arthritis who
underwent a washout after anti-tumour necrosis
factor therapy or were directly switched to
abatacept: the ARRIVE trial. Ann. Rheum. Dis.
68(11), 1708–1714 (2009).

38

MabThera®, prescribing information. Roche,
Australia (2010).

39

Edwards JC, Szczepanski L, Szechinski J et al.
Efficacy of B-cell‑targeted therapy with
rituximab in patients with rheumatoid arthritis.
N. Engl. J. Med. 350(25), 2572–2581 (2004).

n  n

40

Confirmed the clinical efficacy of rituximab
monotherapy over MTX, highlighting the role
of selective B-cell depletion in addressing the
symptoms of RA.
Owczarczyk K, Hellmann M, Fliedner G et al.
Clinical outcome and B cell depletion in
patients with rheumatoid arthritis receiving
rituximab monotherapy in comparison with
patients receiving concomitant methotrexate.
Ann. Rheum. Dis. 67(11), 1648–1649 (2008).

1300

Taylor & Jones
inadequate response to methotrexate: results
from a substudy of the multicentre
double-blind, placebo-controlled trial of
tocilizumab in inadequate responders to
methotrexate alone. Arthritis Rheum. 62(1),
33-43 (2010).

41

Emery P, Fleischmann R, van der Heijde D
et al. The effect of golimumab on
radiographic progression in rheumatoid
arthritis: results of the GO-BEFORE and
GO-FORWARD randomized, controlled
studies. Arthritis Rheum. 63(5), 1200-1210
(2011).

46

42

Cohen SB, Dore RK, Lane NE, et al.
Denosumab treatment effects on structural
damage, bone mineral density, and bone
turnover in rheumatoid arthritis: a
twelve-month, multicenter, randomized,
double-blind, placebo-controlled, Phase II
clinical trial. Arthritis Rheum. 58(5),
1299–1309 (2008).

Dougados M, Huizinga T, Sheeran T et al.
Tocillizumab (TCZ) plus methotrexate
(MTX) does not have superior clinical
efficacy to TCZ alone in R A patinets with
inadequate response to MTX: 24-week
results of the ACT-R AY study. Presented at:
EULAR 2011. London, UK, 25-28 May
2011.

47

43

Yasunori K, Masaaki T, Tetsuyuki N,
Hayato K, Akira N. Reduction of urinary
levels of pyridinoline and deoxypyridinoline
and serum levels of soluble receptor activator
of NF-kB ligand by etanercept in patients
with rheumatoid arthritis. Clin Rheumatol.
27(9), 1093-1101 (2008).

Maini RN, Taylor PC, Szechinski J et al.
Double-blind randomized controlled
clinical trial of the interleukin-6 receptor
antagonist, tocilizumab, in European
patients with rheumatoid arthritis who had
an incomplete response to methotrexate.
Arthritis Rheum. 54(9), 2817–2829 (2006).

48

44

Chopin F, Garnero P, le Henanff A et al.
Long-term effects of infliximab on bone and
cartilage turnover markers in patients with
rheumatoid arthritis. Ann. Rheum. Dis.
67(3), 353-357 (2008).

De Stefano R, Frati E, Nargi F et al.
Comparison of combination therapies in the
treatment of rheumatoid arthritis:
leflunomide-anti-TNF‑a versus
methotrexate-anti-TNF-a. Clin. Rheumatol.
29(5), 517–524 (2010).

45

Garnero P, Thompson E, Woodworth T,
Smolen JS. Rapid and sustained
improvement in bone and cartilage turnover
markers with the anti-interleukin-6 receptor
inhibitor tocilizumab plus methotrexate in
rheumatoid arthritis patients with an

49

Lee SJ, Chang H, Yazici Y et al. Utilization
trends of tumor necrosis factor inhibitors
among patients with rheumatoid arthritis in
a United States observational cohort study.
J. Rheumatol. 36(8), 1611–1617 (2009).

www.future-science.com

future science group

