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Introduction
In the last decade, biological therapies have dramatically improved 

the prognosis of patients with Rheumatoid Arthritis (RA). The first 
biological agents used were Tumor Necrosis Factor (TNF) antagonists, 
which specifically block this proinflammatory cytokine. Currently, 
there are five biological drugs that target TNF: infliximab, etanercept, 
adalimumab, and the more-recently approved certolizumab and 
golimumab. All have been approved as therapy for RA patient’s 
refractory to disease-modifying antirheumatic drugs (DMARDs) [1-
5]. In addition, other agents have been approved for the treatment 
of RA patients, including rituximab, a selective CD-20-positive 
B-cell depletion therapy; abatacept, a selective T-cell co-stimulation
modulator; and tocilizumab, a humanized anti-interleukin-6 (IL-6)
receptor antibody. All have proven efficacy in RA patients compared
with methotrexate [6-8], and in TNF antagonist-refractory patients
[9-11]. However, until now, there have been no head-to-head studies
comparing the efficacy of two biological drugs in RA patients. Only
the AMPLE study [12], that was undertaken to compare subcutaneous
(SC) abatacept and SC adalimumab, could be considered a head-to-
head study, but in this case, both biological agents were administered
along with background methotrexate and no differences in efficacy
were found between them.

The recent published ADACTA study compares the efficacy of 
adalimumab and tocilizumab in monotherapy at 24 weeks [13]. The 
results were favorable to tocilizumab over adalimumab. 

One question the results pose is why tocilizumab was superior to 
adalimumab, a well-established and efficacious TNF antagonist. In 
other words, what are the differences in the mechanism of action of 
these two cytokine-specific biologic agents that might explain these 
results?

The aim of our review was to determine differences in the 
mechanisms of action of adalimumab and tocilizumab, in order to 
explain the results of the ADACTA head-to-head study [13], and to 
describe the immunologic and clinical aspects of the two drugs. 

The ADACTA study
ADACTA is the first head-to-head study comparing two biological 

agents, tocilizumab and adalimumab on monotherapy. ADACTA was 
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a phase 4 superiority study to compare the efficacy of the two drugs in 
monotherapy at 24 weeks. The characteristics of the study are described 
elsewhere [13]. Briefly, patients with severe RA intolerant to methotrexate 
or who were inappropriate for continued methotrexate treatment were 
included. The primary outcome was the difference in the DAS-28 score 
at 24 weeks compared with baseline. Secondary outcomes included the 
percentage of patients achieving ACR20, ACR50 and ACR70 responses; 
the proportion of patients achieving remission (defined as DAS-28 ≤ 
2.6) or low activity (DAS-28 ≤ 3.2), and good and moderate EULAR 
response, all at week 24. Other measurements, including disability 
(HAQ questionnaire), fatigue (FACIT questionnaire), and quality of life 
(SF-36 health survey) were analyzed at week 24. In a post-hoc analysis, 
the proportion of patients achieving remission or low activity according 
to the CDAI score was also analyzed.

At 24 weeks, tocilizumab showed a significantly-greater mean 
change in DAS28 from baseline (-3.3) compared with adalimumab 
(-1.8) [diference–1•5, (95%, CI-1.8 to -1.1), p<0.0001] [13]. The 
tocilizumab group had a significantly-higher number of patients 
achieving ACR 20, ACR 50 and ACR 70 responses compared with 
adalimumab. A significantly-higher proportion of patients treated with 
tocilizumab compared to adalimumab achieved DAS-28 remission 
(39.9% vs 10.5%, p<0.0001), DAS-28 low disease activity (51.5% vs 
19.8%, p<0.0001) and EULAR good or moderate responses (77.9% vs 
54.9%, p<0.0001) [13]. Comparison using the CDAI (a disease index 
that not include acute phase reactants) also showed significantly- better 
results for tocilizumab.
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Blockage of C-reactive Protein 
Tocilizumab blocks the IL-6 receptor (IL-6R). There are two forms 

of IL-6R: transmembrane, which is limited to a few cell types, and a 
soluble form (sIL-6R), that transduces the IL-6 signal to cells that do 
not express the transmembrane receptor. sIL-6R is often produced in 
an inflammatory milieu, and allows IL-6 to affect a wide variety of cells. 
Tocilizumab may act by binding to transmembrane IL-6R, and also to 
sIL-6R (trans-signaling). 

IL-6 is the most critical factor that stimulates hepatocytes to 
produce acute phase response proteins, inducing C-reactive protein 
(CRP), hepcidin and fibrinogen production, the last of which directly 
affects the erythrocyte sedimentation rate (ESR) [14].

CRP and ESR are good biomarkers of inflammation commonly 
used to assess RA disease activity, and both are components of all the 
scores (DAS-28, ACR response) used to analyze the RA outcomes in 
many clinical trials, including the ADACTA study.

CRP expression depends mainly on IL-6 signals [15]. Therefore, 
tocilizumab, due to its specific blocking of IL-6, quickly reduces CRP 
and ESR values [16]. In contrast, TNF antagonists reduce these values 
indirectly, as TNF stimulates CRP and fibrinogen production through 
IL-6.

Analysis of these effects in RA patients showed that tocilizumab 
rapidly reduced CRP levels after the first infusion, effect which was 
already observed in the second week, and remained subsequently, 
maintaining lower CRP levels (below the upper normal limit (UNL)), 
over time [17]. Although TNF antagonists also reduce CRP values, 
they often do not reach values below UNL as shown in studies with 
infliximab [18] or golimumab [19], and may contribute to worse RA 
scores, compared with tocilizumab.

However, the ADACTA study also calculated the CDAI score in the 
pos-hoc analysis and also found better results for tocilizumab than for 
adalimumab. As the CDAI score does not include CRP or ESR, other 
mechanisms must be sought to explain these results. 

IL-6 and the Central Nervous System
In addition to its effects on the synthesis of hepatic inflammatory 

proteins, IL-6 plays an important role in the hypothalamic-pituitary 
axis. When a local or systemic inflammatory/immune process occurs, 
proinflammatory cytokines, such as IL-1 and IL-6, are released and 
cross the blood-brain barrier, reaching the Central Nervous System 
(CNS) and activating the hypothalamic-pituitary axis [20]. This 
activation starts when the cytokines induce nerve cells to produce and 
release corticotrophin releasing factor (CRF) in the hypothalamus. CRF 
is then transported to the anterior pituitary gland, where it stimulates 
a protein that serves as a basis for the adrenocorticotropin hormone, 
which stimulates the adrenal gland cells to produce and release cortisol. 
The effects of this activation are mood alteration, sleep and febrile 
response stimulation, and appetite and libido suppression, among 
others, which are frequent in patients with active RA. Moreover, IL-6 
production presents, like cortisol, a circadian rhythm, with peak levels 
around 8:00 AM, which correlates with the morning stiffness that 
frequently affects RA patients with severe inflammation. In contrast, 
TNF does not present such a strong effect [21]. 

Analysis showed a significant reduction in morning stiffness 
and a reduction in pain and fatigue after tocilizumab infusion [22]. 
These parameters are closely related to the effects of IL-6 on the CNS. 
Moreover, in the ADACTA study, tocilizumab was also superior to 

adalimumab in the SF-36 test, which was significant for the mental 
component [13].

Depression is a common symptom in RA patients. It may be due, 
in part, to alterations in the hypothalamic-pituitary axis. In addition, 
a relationship has been found between depression and CRP levels, 
with higher levels of CRP correlating with severe depression [23]. The 
rapid reduction in CRP values produced by tocilizumab may also have 
an indirect effect on depression. Improvements in depression may 
contribute to a better ‘patient global assessment’ score, a components 
of all the scales analyzed.

Analysis of the effect of monthly infusions of tocilizumab on 
fatigue, using the FACIT scale, showed the improvement after the 
first infusion [22] is maintained over time but also shows increasing 
improvement [8]. Fatigue is frequent in RA patients and, apart from the 
CNS component, often reflects underlying anemia, a common sign of 
inflammatory conditions. 

IL-6 and Anemia and Cardiovascular Risk
IL-6 induces anemia in RA patients in two main ways. Firstly, by 

blocking iron absorption in the bowel. Secondly, by increasing levels 
of a protein, hepcidin, which inhibits the release of recycled iron 
from macrophages and absorbed iron from duodenum by binding to 
ferroportin and triggering lysosomal degradation of iron. Consequently, 
the reduction in iron release from enterocytes and macrophages leads 
to restriction of the iron supply for hemoglobin synthesis and, thus, to 
anemia [24]. 

By blocking the IL-6 receptor, tocilizumab avoids these two 
pathways, reversing the anemia. An increase of around one point in 
hemoglobin levels was observed in RA patients after the first infusion 
of tocilizumab [25], and an increase of two points at week 24. TNF 
antagonists also significantly increase hemoglobin levels, although 
the improvement ranges from 0.4 to a maximum of 0.6 points at 6 
months with infliximab [26], adalimumab [3,27], and golimumab [28]. 
The greater improvement in hemoglobin levels with tocilizumab may 
have effects on the reduction in fatigue and other parameters related 
to anemia.

Anemia rates have been correlated with higher levels of natriuretic 
peptide [29], which may lead to subclinical ventricular dysfunction, 
with anemia being an independent predictor of heart failure. Levels of 
anemia in patients with advanced heart failure have been associated 
with greater impairment in functional cardiac capacity and a significant 
increase in the mortality risk [30]. Therefore, improving anemia is 
important in RA patients to avoid this cardiovascular risk. 

Currently, TNF antagonists are contraindicated in patients with 
advanced heart failure, based on the results of two clinical trials [31,32]. 
Tocilizumab has not been associated with worsening of heart failure 
and is not contraindicated in these patients. 

Thus, tocilizumab, as a result of the improvement of anemia through 
increased iron release and reduced hepcidin levels, may improve 
cardiovascular risk in these patients and, consequently, their prognosis. 

In addition to heart failure, coronary ischemia also frequently 
affects RA patients, increasing the risk of mortality [33]. Coronary 
disease in these patients is mediated by accelerated atherosclerosis due 
to the high levels of inflammation in RA patients [34,35]. Higher levels 
of CRP have been associated with an increased risk of atherosclerosis 
[36] and with a higher risk of myocardial infarction [37]. Moreover, an
increased risk of coronary disease has been associated with higher IL-6
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levels [38]. An increased relative risk of myocardial infarction related to 
IL-6 levels has been found in healthy males [39]. 

These data suggest a crucial role for persistent inflammation, in 
part through increased IL-6 levels, in the risk of heart disease and, 
consequently, a high risk of cardiovascular morbidity and mortality. 

Both inflammation and anemia are independently and additively 
associated with serious adverse cardiovascular events in patients 
with heart disease [40] and their coexistence in RA patients increases 
cardiovascular risk. Thus, tocilizumab due to its direct inhibition of the 
effects of IL-6 and therefore, reductions in CRP levels strongly might 
reduce the risk of atherosclerosis. 

Moreover, a recent study has shown that interleukin-6 receptor 
seems to have a causal role in the development of coronary heart disease 
[41], so its blockage might may also reduces the risk of coronary heart 
disease.

Currently, evidence shows no increased rates of myocardial 
infarction in RA patients treated with tocilizumab [42] compared with 
the results of epidemiologic studies in patients with RA treated with 
non-biologic drugs [43]. TNF antagonists have not shown a lower 
incidence of myocardial infarction in RA patients compared with 
DMARD treatment, although the risk is reduced in TNF antagonist 
responders compared with non-responders, probably due to the control 
of inflammation achieved [44]. It remains to be determined whether 
the reduction in coronary risk in RA patients is higher with tocilizumab 
than with TNF antagonists, with a clinical trial to analyze the coronary 
risk between tocilizumab and etanercept currently ongoing [45].

Different Efficacy in Monotherapy 
Strikingly, the ADACTA study found that tocilizumab had better 

results than adalimumab in monotherapy. Until now, all clinical trials 
comparing the efficacy of TNF antagonists and methotrexate were 
performed using combined therapy (TNF antagonist plus methotrexate 
showed better results than methotrexate alone) [1-5]. However, no 
significant improvements have been found when TNF antagonist in 
monotherapy has been compared to methotrexate in monotherapy in 
the different trials conducted: etanercept (ERA study) [46], adalimumab 
(PREMIER study) [47], and golimumab (GO-BEFORE study) [48]. In 
contrast, tocilizumab is, until now, the only biological drug that has 
shown a significant increase in efficacy in monotherapy compared with 
methotrexate in monotherapy (AMBITION study) [25]. 

A key feature is that methotrexate, in combination with a TNF 
antagonist, dose-dependently reduces the immunogenicity of TNF 
antagonists [49]. Immunogenicity due to TNF antagonists has been 
associated with a loss of efficacy [50] and therefore the combination of 
methotrexate with a biological drug may show more efficacy than the 
biological drug in monotherapy. IL-6 is a cytokine that acts on B-cells, 
whereas no direct TNF effect on B cells is reported. B-cells are the main 
producers of antibodies, such as rheumatoid factor or anti-citrullinated 
peptide antibodies (ACPA), both characteristic biomarkers of RA. In 
addition, other antibodies, such anti-drug antibodies (anti-infliximab, 
anti-adalimumab), related to immunogenicity may also be produced 
by B-cells. IL-6 has a dual role in B cells. First, it contributes to B 
cell activation and, through STAT3, regulates transcription factors 
responsible for B cell differentiation into plasma cells [51,52]. Serum 
IL-6 levels have been recently correlated with markers of B cell 
activation and structural progression in early RA [53]. Secondly, IL-6 
increases the survival of B cells and plasma cells [54]. IL-6 upregulates 
B-cell activating factor (BAFF), which supports the survival of B

cells and plasma cells [55]. As these IL-6 mediated mechanisms are 
directly involved in antibody production, tocilizumab may reduce the 
development of anti-drug antibodies and, consequently, loss of efficacy 
due to immunogenicity [56]. This may explain, in part, why tocilizumab 
could be efficacious in monotherapy.

Therefore, the question is, what additional differences between 
blocking IL-6 or TNF could account for the better results of tocilizumab 
in monotherapy? 

TNF antagonists act on neutrophil recruitment and adhesion 
[57] and myeloid dendritic cells, reduce the expression of activation
markers [58], and act on monocyte-macrophage cells, and reduce
the production of pro-inflammatory cytokines [59] and nitric oxide
[60-63]. Therefore, TNF antagonists affect mainly the innate immune
system. The combination with methotrexate adds cell targets to TNF
antagonist therapy. Methotrexate mainly targets activation of T and B
lymphocytes. It inhibits purine and pyrimidine synthesis, suppresses
transmethylation reactions with accumulation of polyamines, reduces
antigen-dependent T-cell proliferation, and promotes adenosine
release with adenosine-mediated suppression of inflammation [64].
Therefore, the addition of methotrexate to TNF antagonists affects
both innate and adaptive immune cells. In contrast, tocilizumab
targets include a wide spectrum of immune cells. Tocilizumab reduces
the levels of circulating neutrophils, myeloid dendritic cells and
monocytes [65,66] and the infiltration of neutrophils into inflamed
joints of animal models of RA [67]. Tocilizumab also reduces the
frequency of peripheral memory B cells and B cell hyper reactivity in
RA patients [68], expands an intriguing B regulatory subset [69] and
skews the balance between Th17 and Tregs towards a more protective
status [70,71]. In this balance, tocilizumab plays a dual role. First, it
increases the percentages of peripheral Tregs, partially through the
blocking of Foxp3 down regulation in Treg cells [72,73]. Secondly, it
blocks the generation of Th17 cells that require IL-6. This subset is the
main producer of IL-17, a cytokine involved in the production of other
pro-inflammatory cytokines by monocytes and synoviocytes (TNF,
IL-1 and IL-8). IL-17 is extensively produced in RA synovium, where
it has multiple targets: it promotes osteoclast differentiation, increases
the migration of neutrophils, and the maturation and activation of
chondrocytes [74]. Table 1 shows the different mechanisms of action of 
methotrexate, adalimumab and tocilizumab on different cells involved
in the pathogenesis of rheumatoid arthritis

Long-term Efficacy
A reduction in long-term compliance with TNF antagonists has 

been observed, mainly due to a loss of efficacy over time [75], which 
may be observed as early as 6 months of treatment. In contrast, the 
number of patients with better responses increases from week 24 
to 84 with tocilizumab [42]. The number of patients who remain on 
treatment with tocilizumab over time are significantly higher than for 
infliximab or adalimumab and discontinuation due to loss of efficacy 
is less common with tocilizumab [76]. One reason is the development 
of immunogenicity in patients taking TNF antagonists. Another 
could be the favoring of Tregs (see above). Epigenetic changes might 
be another, as yet unexplored, factor. Tocilizumab could progressively 
amend the epigenetic modifications induced by IL-6 that contribute 
to RA pathology: methylation of CpG residues on specific genes such 
as Foxp3 [77]; altered miRNA expression [78] or DNA methylation of 
genes that code for regulatory proteins (SOCS1) [79].

In conclusion, the differences in the effects of tocilizumab and TNF 
antagonists may be due to various factors, including direct improvement 

Citation: Hernández MV, Vidal S, Sanmarti R (2013) Analysis of the Mechanism of Action of Biological Therapies in Monotherapy in Patients with 
Rheumatoid Arthritis: Beyond the ADACTA Study. Adv Pharmacoepidemiol Drug Saf 2: 141. doi:10.4172/2167-1052.1000141

Adv Pharmacoepidemiol Drug Saf, an open access journal 
ISSN: 2167-1052



Page 4 of 6

Volume 2 • Issue 4 • 1000141

in acute reactants factors and the benefit of effects on the CNS. The 
efficacy of tocilizumab in monotherapy may be due to its effects on a 
wide spectrum of cells. Its long-term efficacy might be due to regulation 
of the immune system and memory. Therefore, tocilizumab, apart from 
its effect as a cytokine-specific therapy, may play a role in regulating the 
immune system.
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Therapeutical agent 
Type of cell

Methotrexate Adalimumab Tocilizumab

Neutrophils Reduces neutrophil adhesion and chemotaxis 
[57]
Decreases adhesion molecule expression

Decreases levels of circulating neutrophils 
and the infiltration of neutrophils into inflamed 
joints [67]

Dendritic cells Decreases the level of circulating dendritic 
cells and reduces the expression of activation 
markers [58]

Reduces circulating myeloid dendritic cells 
[65]

Monocyte-macrophage cells Inhibits macrophage activation [62]
Decreases activating receptors for 
IgG on monocytes [63] 

Reduces the production of pro-inflammatory 
cytokines [59] and nitric oxide [61]

Decreases levels of monocyte cells [65]
Decreases serum macrophage migration 
inhibitory factor [66]

T cells Reduces antigen-dependent T-cell 
proliferation [64]

Decreases Th17 cells and increases Tregs 
cells [70-71]

B cells Decreases antibody production
by B cells [49]

Reduces the development of anti-drug 
antibodies [56]
Reduces the frequency of peripheral memory 
B cells and B cell hyperreactivity [68]
Induces the expansion of B regulatory cells69

Table 1: Different mechanism of action of methotrexate, adalimumab and tocilizumab.
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