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patients achieved the primary end point, ACR20 at 16 
weeks, with tocilizumab monotherapy than with MTX 
monotherapy (63 compared with 41%; p < 0.05), how­
ever a greater proportion still achieved ACR20 with 
tocilizumab in combination with MTX (74%) [62]. 
Since the SAMURAI study, it has also become clear 
that tocilizumab monotherapy inhibits structural dam­
age. Patients with an inadequate response to DMARD 
therapy were randomized to tocilizumab monotherapy 
or to continuing conventional DMARD treatment [63]. 
At 1 year, the tocilizumab group showed less radio­
graphic progression, with a mean change in total sharp 
score of 2.3 compared with 6.1 in the DMARD group 
(p < 0.01). Radiographic outcomes with tocilizumab 
monotherapy have not, however, been directly compared 
with tocilizumab and MTX combination therapy.

Evidence for the efficacy of tocilizumab is accruing, 
with results of three further Phase IIIb studies presented 
at the ACR annual conference in November 2010: the 
ACT-RAY substudy [64], and the TAMARA [65] and 
ACT-SURE [66] studies. ACT-RAY evaluated tocilizu­
mab in combination with MTX in MTX inadequate 
responders; in the substudy, early effects of tocilizumab 
on synovitis, osteitis and bone erosions were assessed 
using MRI [64]. Tocilizumab reduced synovitis in only 
2 weeks: over this time, 44% of patients had improved 
synovitis scores, and by week 12 this had increased to 
65%. Over 12 weeks, median erosion score did not 
change: however, 12% of patients had improved erosion 
scores (greater than or equal to the smallest detectable 
change), and 28% showed improvement in pre-erosive 
osteitis. The German, multicenter, open-label TAMARA 
study included 239 adults with moderate-to-severe 
RA despite treatment with conventional DMARDs 
and/or biologics that were treated with tocilizumab for 
24 weeks, after which 48% of had achieved DAS28 
remission and 75% had achieved a ‘good’ or ‘moderate’ 
response as defined by the European League Against 
Rheumatism (EULAR) [65]. ACT‑SURE evaluated over 
1600 patients treated with tocilizumab monotherapy 
or in combination with DMARDs in patients who had 
failed either DMARD or TNFi therapy [66]. Tocilizumab 
was safe and effective with or without DMARDs, and 
in both patient groups (DMARD or TNFi inadequate 
responders). Moreover, 24% of patients in this study had 
recently received TNFi (within 2 months of receiving 
tocilizumab) without any differences in the safety profile 
of tocilizumab seen in comparison with patients who 
had undergone a longer TNFi washout period (greater 
than 2 months). 

Long-term safety data of tocilizumab has been 
evaluated using pooled data from patients receiving 
at least one dose in several randomized, controlled tri­
als (including the 24-week OPTION, AMBITION, 

TOWARD and RADIATE studies; the 2‑year Phase III 
LITHE study and the ongoing open-label extension 
studies, GROWTH95 and GROWTH96) [67]. These 
data reveal a stable safety profile with continued 
improvement of ACR responses over time and only a 
3% withdrawal rate due to lack of efficacy.

Prospective new biologic therapies
New biologic therapies are under continued develop­
ment in an effort to obtain increased effectiveness, 
improved safety, a more favorable method of admin­
istration and reduced manufacturing costs. With the 
success of current biologics, more refined drug therapies 
aimed at already existing targets of action are emerg­
ing. Agents directed against CD20 have been trialled 
in Phase II studies: ocrelizumab (a humanized mono­
clonal anti-CD20 antibody) [68], ofatumumab (a fully 
human anti-CD20 antibody) [69] and SBI-087 (a small 
modular immunopharmaceutical) [70]. Phase  III tri­
als of ofatumumab are ongoing; however, a further 
trial of ocrelizumab in RA was suspended in March 
2010 due to an increased incidence of opportunistic 
infections. Monoclonal antibodies against IL-6 have 
been developed and used in RA in early clinical tri­
als. Results for ALD518, a humanized monoclonal 
antibody, administered subcutaneously in a recent 
Phase I trial [71] or intravenously in a previous Phase II 
trial [72] have been promising allowing Phase III trials 
to go ahead, whilst results of a Phase II trial of CNTO 
136 (fully human monoclonal antibody administered 
subcutaneously) are not yet reported. 

Prospective new biologics with novel targets of action 
are also of interest. Monoclonal antibodies against 
another key cytokine in the pathogenesis of RA, IL-17, 
have shown efficacy in early (Phase I and II) clinical 
trials in RA: LY2439821 (humanized antibody) [73] and 
AIN457 (fully human antibody) [74]. Recent advances 
in identifying and defining the role of regulatory T cells 
in the suppression of the immune response against self-
antigens, with reduced numbers or functional impair­
ment of these cells being observed in autoimmune 
diseases including RA, have provided another avenue 
for biologic therapy. Initial Phase II data for a human­
ized agonistic monoclonal antibody, BT-061, which 
selectively activates T‑regulatory cell, demonstrates 
achievement of meaningful clinical responses [75].

In addition to new biologic therapies, small mole­
cules that target intracellular proteins involved in auto­
immune pathways are also being investigated. One clear 
advantage they provide over monoclonal antibodies is 
the potential option of oral administration. Tasocitinib 
is a new oral inhibitor of janus kinase (JAK)3, an 
intracellular enzyme involved in intracellular signal­
ing pathways. Phase II studies have been reported and 
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Phase III trials are underway [76]. Significant clinical 
improvements with an inhibitor of spleen tyrosine 
kinase (Syk) – fostamatinib – were demonstrated in a 
Phase II trial of patients with active RA [77]; however, in 
a recent randomised Phase II trial in patients who had 
failed previous biologic therapy, ACR responses were no 
different from placebo at 3 months [78].

Application of biologic therapy
■■ Rationale for the management of RA  

& current guidelines
The fundamental message from an ever-increasing evi­
dence-base is the necessity for early and tight control of 
inflammatory disease activity to achieve remission, or 
at least a low-disease activity state. Joint damage occurs 
early in the disease process, and indeed is most rapid 
within the first year of diagnosis: annual assessment of 
hand and feet radiographs in the first 3 years revealed 
the rate of progression of joint damage to be signifi­
cantly greater in the first year compared with the second 
and third years [79]. A comparison of DMARD initia­
tion in early RA (median disease duration 3 months) to 
late RA (median disease duration 12 months) reported 
significantly lower radiographic damage at baseline in 
the early RA group, but also a significant retardation in 
radiographic progression over the following 3 years [80]. 
This long-term benefit of early treatment in reducing 
joint damage has been confirmed in a meta-analysis [81]. 

Superior outcomes have been achieved with aggres­
sive treatment strategies in early disease [82–84]. In the 
TICORA study, for example, tight control of disease 
in the intensive treatment arm proved advantageous 
over routine treatment; intensive management involved 
monthly assessment and step‑up to combination 
DMARD therapy according to a target of low-disease 
activity, in comparison to 3‑monthly monitoring with­
out use of a formal measure of disease activity [84]. At 
18 months, clinical remission (as defined by EULAR) 
was achieved in 65% of the intensive therapy group, 
compared with 16% of the routine treatment group 
(although the intensive group also received greater 
steroid doses). Remission has been associated with 
improved outcomes compared with even low disease 
activity, including improved physical function, work 
productivity and quality of life. A cross-sectional study 
found a statistically significant difference in these meas­
ures (p < 0.01) between 89 patients in remission and 
152 patients with low disease activity. Longitudinal 
analysis of 100 patients confirmed differences in these 
outcomes over 1 year [85]. 

This evidence-base has led to the formalization of the 
concept of ‘treat-to-target’ in early RA. In 2010, guide­
lines were published recommending treatment to target: 
monthly assessment of disease activity and optimization 

of treatment to achieve a predefined target, ideally remis­
sion [86]. These guidelines resemble recommendations that 
have proved successful for other chronic conditions such 
as blood pressure targets in hypertension or glycosylated 
hemoglobin (HbA1c) levels in Type II diabetes. 

TICORA and other pragmatic studies demonstrate 
that remission is a realistic goal, but it is not always 
achievable with conventional DMARD therapy alone; in 
these patients biologic therapy may be indicated (TNFi 
therapies, and more recently abatacept and tocilizumab, 
have been licensed for use in these patients). However, in 
the knowledge that early, rapid control of disease is criti­
cal in optimizing patient outcomes, biologics have been 
evaluated outside of this indication, prior to the failure of 
conventional DMARDs, with impressive results. Such 
studies pertaining to the new TNFi therapies and other 
recently available biologics are described above under the 
relevant section headings. Studies of the use of TNFi in 
very early RA suggest a window of opportunity when 
the disease may be more amenable to modification with 
TNFi therapies than when disease is established, and 
research is ongoing to ascertain how biologic therapy 
may best used in clinical practice.

■■ Use of TNFi in early rheumatoid arthritis
Several strands of research suggest the presence of a win­
dow of opportunity whereby TNFi confers seemingly 
qualitatively and quantitatively superior response effects 
compared with those seen with its use in established 
disease. The COMET study, of particular interest as 
it was the first trial to use clinical remission as a pri­
mary end point, compared etanercept and MTX versus 
MTX alone in MTX-naive, early RA patients (disease 
duration less than 2 years). Over 90% of patients in 
the etanercept group achieved a EULAR response and 
the remission rate at 1 year was significantly greater 
with etanercept and MTX than with MTX alone 
(50% compared with 28%; p < 0.0001) [87]. Further 
subanalysis of patients in the etanercept group revealed 
that in those with ‘very early RA’ (disease duration less 
than 4 months) 70% achieved remission in comparison 
with 48% of those with ‘early RA’ (disease duration of 
between 4 months and 2 years; p = 0.0035) [88]. 

Other outcomes pertinent to the use of TNFi in early 
RA include the inhibition of radiographic damage and 
prevention of work impairment. In the PREMIER study 
evaluating adalimumab and MTX in comparison with 
MTX alone in a MTX‑naive, early RA cohort, structural 
data revealed that even despite a good clinical response 
(ACR70 response) to MTX, radiographic non‑progres­
sion was observed in only 43% of cases, in comparison 
with 72% of ACR70 responders treated with adalimu­
mab and MTX [89]. The PROWD study evaluated work 
impairment as an end point in patients with early RA: a 
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trend for greater job loss of any cause and/or imminent 
job loss after week 16 with MTX monotherapy (27% 
of patients) compared with the adalimumab and MTX 
group (16%; p = 0.092) was seen [90]. 

Moreover, there is increasing evidence illustrating the 
ability of early TNFi therapy to induce disease remis­
sion that, in a proportion of patients, can be sustained 
without relapse of disease even after drug withdrawal. 
This concept was initially explored in a study by Quinn 
et al.: patients with early, untreated RA, with poor prog­
nostic factors such as positive rheumatoid factor, were 
randomly allocated to MTX or infliximab and MTX 
for 1 year [91]. At 2 years (one year after stopping inflixi­
mab), there was a significant difference in physical func­
tion assessed by the Health Assessment Questionnaire 
and in quality of life assessed by the RA Quality of Life 
questionnaire (p < 0.05). Additional follow-up data have 
shown that at 8 years, 40% of patients initially treated 
with infliximab were still in remission, in comparison 
with none of the controls [92]. An observational study 
of patients achieving sustained remission with 1 year of 
initial therapy with TNFi and MTX demonstrated that 
60% remained in remission 2 years after stopping their 
TNFi [93]. Symptom duration of less than 6 months at 
time of commencement of TNFi predicted sustained 
remission with an odds ratio of 13 (95% CI: 1.0–825; 
p = 0.050) [93]. The BeSt study, a randomized, single-
blind trial, compared four treatment strategies in early 
RA: sequential DMARD monotherapy; initial MTX 
with step-up to combination DMARD therapy; initial 
combination DMARD therapy with high-dose cortico­
steroid; and initial biologic therapy with infliximab and 
MTX [94]. Drug withdrawal was most successful in 
patients initially treated with infliximab combination 
therapy: 53% of patients were on just one non-biologic 
drug for disease control at the end of the 2-year study 
(compared with 31–36% in other groups). 

Several studies, including BeSt, have attempted to 
compare treatment strategies in early RA, comparing 
optimal escalation of DMARD therapy versus initial 
TNFi [94–97]. The randomized double-blind trial TEAR 
suggested immediate combination DMARD therapy is 
at least as effective as initial etanercept and MTX ther­
apy in MTX-naive patients, with no significant differ­
ences observed in levels of ACR response at 6 months or 
DAS28 scores at 102 weeks [97]. However, when a com­
bination of DMARDs or MTX with infliximab was used 
as first‑line therapy in the BeSt study, clinical improve­
ment was more rapid with less progression of joint dam­
age seen on radiographs [94]. In patients with early RA, 
the SWEFOT study compared addition of a TNFi (inf­
liximab) to addition of conventional DMARDs (sul­
fasalazine and hydroxychloroquine) in patients failing 
to achieve low disease activity after 3 months of initial 

MTX monotherapy [98]. The primary end point, a good 
response (as defined by EULAR) at 1 year, was achieved 
in significantly more patients randomized to receive inf­
liximab than in those receiving conventional DMARDs 
(39 vs 25%; p = 0.016). Evidence supporting the early 
use of TNFi, potentially before the failure of conven­
tional DMARDs, is increasing such that expert con­
sensus on the use of biologic therapies suggests the use 
of TNFi therapy in combination with MTX as first-line 
therapy in patients with poor prognostic signs for rapidly 
progressive disease, such as early radiographic damage or 
very high disease activity in the case of the EULAR 2010 
recommendations [99], and in patients with high disease 
activity and a poor prognostic feature such as seropositiv­
ity for rheumatoid factor in the case of the ACR 2008 
recommendations  [100]. This remains in the context 
of potential barriers to early biologic therapy, includ­
ing treatment cost, medical insurance constraints and 
national restrictions in state-funded healthcare systems. 
For example, in the UK, TNFi drugs are only available 
following failure of at least 2 conventional DMARDs in 
patients with high disease activity (defined by DAS28). 

■■ Optimal order of biologic therapy
Current licensed indications in Europe place TNFi, 
abatacept or tocilizumab as possible first-line biologic 
agents after the failure of conventional DMARDs, 
with rituximab positioned for following TNFi failure. 
Presently, in the USA, tocilizumab remains licensed in 
these latter patients only. It should be borne in mind 
that these remain under review, with it likely that 
licensing for TNFi use prior to MTX failure will also 
be approved, and probable that rituximab will receive 
approval as a first‑line biologic with clinical trial data 
recently available in MTX-naive patients [35]. With a 
lack of head-to-head trials of biologic therapies, the 
longer term data and experience with TNFi will perhaps 
for now maintain its position as a first‑line choice unless 
contraindicated [99]; clearly, however, the availability of 
other targeted agents enables better tailoring of treat­
ments for individual patients, according to safety risks 
and preferences of method of administration. For exam­
ple, in patients with a history of malignancy within the 
previous 5 years TNFi therapies are avoided, rituximab 
is usually considered in these cases [101]. 

Despite the significant benefits of TNFi, it is clear 
that response is not universal, with lack of efficacy to 
these drugs either initially or with a loss of response 
over time being observed in trials and clinical experi­
ence [6,102]. All the available biologic agents have demon­
strated efficacy following TNFi failure in randomized 
controlled trials [18,28,49,60], including alternative TNFi 
therapy (golimumab) [18]. A recent meta-analysis of these 
trials illustrated no notable differences between these 
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agents [103]; however, to date there have been no rand­
omized trials comparing one biologic to another in the 
event of TNFi failure. Several observational studies have 
reported comparisons between rituximab and alternative 
TNFi therapy [104–106]; all illustrate benefits of switching 
to either therapy. Some suggest greater benefit can be 
gained with switching to rituximab in specific groups, 
however studies are contradictory: Finckh et al. demon­
strated better results with rituximab in patients switch­
ing therapy due to inefficacy of TNFi [104], whereas data 
from the Stockholm registry suggests better results are 
seen with rituximab following intolerance to TNFi [106]. 
This inconsistency and the lack of controlled data argue 
for some caution in forming any definitive conclusion. 
Indeed, EULAR recommendations state all are appro­
priate options with the evidence to date unable to sup­
port use of one agent over another [99]. There is evidence 
that rituximab is less effective in rheumatoid factor and 
anti‑CCP negative patients, in whom the use of alternate 
biologic agents such as alternative TNFi may be more 
appropriate, but other biomarkers to aid physicians’ deci­
sions of which second-line biologic to prescribe are not 
yet available (discussed in further detail below).

National restrictions apply to various countries, such 
as the UK where the National Institute of Health and 
Clinical Excellence (NICE) currently permits TNFi 
as first-line biologic agents, followed by rituximab in 
the event of TNFi failure. Switching to alternative 
TNFi, abatacept or tocilizumab is permitted after 
failure of TNFi and rituximab or in the presence of a 
contraindication to rituximab.

Biomarkers
It is generally accepted that our management of RA is 
likely to further refine over the coming years, not only 
with the increasing availability of therapies, but with a 
better understanding of how best to apply such therapies 
in a more tailored fashion: the identification of biomark­
ers should ensure more efficient use of therapeutic agents. 
Poor prognostic factors are recognized in current clinical 
practice, such as raised inflammatory markers (C-reactive 
protein or erythrocyte sedimentation rate), presence of 
radiographic erosions, seropositivity for rheumatoid 
factor and/or anti-CCP, level of functional disability 
at disease onset (measured by the Health Assessment 
Questionnaire), and presence of human-leukocyte anti­
gen shared epitope. Nevertheless, ongoing research to 
ascertain more sensitive and specific biomarkers is needed 
in order to predict, with greater reliability, individuals 
with severe disease prognoses in whom early biologic 
therapy may be more beneficial and cost effective. 

Investigation for potential biomarkers of response to 
the available biologic agents has provided some insights. 
Data from the British Society for Rheumatology Biologic 

Register demonstrated patients currently smoking or 
with high levels of disability at baseline (defined by the 
Health Assessment Questionnaire) were less likely to 
achieve a good EULAR response with infliximab or 
etanercept. Concomitant MTX and non-steroidal anti-
inflammatory agents were associated with a superior rates 
of response, however, this may reflect a lower prevalence 
of co-morbidities in these patients [10]. No genetic marker 
has been found to predict primary response to TNFi 
therapy with consistency across a number of cohorts, 
although research in this field is ongoing [107]. Scientific 
research into potential non-genetic biomarkers is also 
being undertaken, including gene expression profiling 
and proteomic studies [108,109].

Data from clinical trials as well as registries illustrate 
superior rates of response to B‑cell depletion therapy 
with rituximab in patients that are seropositive for 
rheumatoid factor and/or anti-CCP [25,35,39,110–113]. In 
addition to confirming that seropositivity confers greater 
efficacy, the SMART study also identified raised serum 
immunoglobulin G as an independent positive predic­
tor of response [114]. A specific genotype (VV-genotype) 
encoding for the low-affinity immunoglobulin gamma 
Fc region receptor III-A (FcgRIIIa) has been suggested to 
be associated with increased clinical response in patients 
with non‑Hodgkin’s lymphoma and systemic lupus ery­
thematosus. This is yet to be similarly evaluated in RA 
excepting preliminary data from a small number of RA 
patients [115]. 

Future perspective
Over the past decade, the management of RA and 
prospects for patients has advanced dramatically. Early, 
effective therapy with tight monitoring towards a pre-
defined target (clinical remission or at least low disease 
activity) is of key importance; recent recommendations 
have endorsed this approach [86,99,100]. With a range of 
biologic therapies now available, remission and preven­
tion of joint damage in particular has become a realistic 
target for treatment. The identification of biomarkers 
should lead to more efficient use of such therapies.

Applying biologic therapy early, especially in poor 
prognosis patients, is encouraged [99], although the opti­
mal application of such therapies remains an area of con­
tinued research. There are increasing data suggesting the 
presence of a window of opportunity when significantly 
greater benefits can be attained with early biologic inter­
vention [88,91,93]. The ability of TNFi to induce sustained 
remission, with biologic-free and even drug-free remis­
sion achievable in a proportion of patients, portrays an 
emerging treatment goal. How best to introduce TNFi 
with the aim of achieving optimal biologic-free remis­
sion, with the potential for this treatment approach to 
prove more cost-effective, remains to be clarified.
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Refractory disease, as well as a desire for more refined 
therapies, continues to drive drug development, with 
increasing availability of less immunogenic molecules 
and new targeted treatments. Finally, the identification 
of biomarkers of disease and treatment response will 
hopefully permit the management of RA to enter the 
arena of personalized medicine.
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Executive summary

■■ Rheumatoid arthritis (RA) is a chronic, systemic inflammatory condition. If not adequately controlled it can cause significant 
joint deformity, extra-articular complications such as pulmonary disease or vasculitis, and is associated with accelerated 
atherosclerosis with cardiovascular morbidity and mortality.

■■ Recent evidence and management guidelines emphasise the need for early, aggressive treatment and suggest a  
treatment-to-target approach for the treatment of RA, with the aim of achieving clinical remission (or at least low disease activity). 

■■ Advances in understanding of the pathogenesis of RA have led to the development of several biologic therapies, which are now 
approved for use: several TNF inhibitors (etanercept, infliximab, adalimumab, certolizumab and golimumab), B-cell-depleting 
therapy (rituximab), a T-cell co-stimulation inhibitor (abatacept) and an IL-6 receptor monoclonal antibody (tocilizumab). 

■■ At present, use of biologic therapy (with a TNF inhibitor generally used first-line) is mainly directed to patients with severe 
disease activity, who have failed conventional treatment with methotrexate (MTX) and/or other disease-modifying antirheumatic 
drugs (DMARDs).

■■ However, a proportion of patients do not respond to initial biologic therapy (~40%), and the remission rate achieved is in the 
region of 30%.

■■ Early use of biologic therapy, prior to the failure of DMARDs, achieves higher remission rates and prevents joint damage 
compared with MTX or DMARD monotherapy.

■■ Short-term use of TNF inhibitors in the early stages of the disease may induce remission that is sustainable after biologic therapy 
is withdrawn (demonstrated in the BeSt study and by Quinn et al. in very early RA). Biologic and even drug-free remission is 
emerging as a future treatment goal. 

■■ With a wide range of biologic treatments now available and with variable response to treatment (particularly in late disease), 
continued efforts to identify biomarkers will hopefully enable more effective tailoring of therapy.
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