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Practice Points

B |L-6 is a cytokine with a very important role in the pathogenesis of rheumatoid arthritis (RA).
B Tocilizumab (TCZ) is a biologic agent directed against the IL-6 receptor.

B TCZis indicated in patients with moderate-to-severe RA that have an inadequate

response/intolerance to TNF-a agents or disease-modifying antirheumatic drugs.

B Although TCZ is indicated in association with methotrexate, it has also been demonstrated

to be effective as monotherapy.

B The highest efficacy of TCZ is reached at a dosage of 8 mg/kg every 4 weeks, although a

lower dose of 4 mg/kg every 4 weeks can also be effective.

B RA patients treated with TCZ experience a rapid clinical and analytical response as well
as an important reduction in structural damage; benefits that are sustained over time and

seen even in RA patients with previous fails to other biologic agents.

B The efficacy of TCZ in RA is similar to that seen with other biologic agents and in some

situations is even superior, such as when it is used as monotherapy.

B TCZ has a relatively good safety profile, similar to that observed with other biologic agents.

Tocilizumab (TCZ) is a humanized monoclonal antibody against the IL-6
receptor, approved in Japan, Europe and the USA for the treatment of severe rheumatoid
arthritis. Several Phase Il trials have shown a clinical efficacy of TCZ, such as in treatment of
rheumatoid arthritis patients with no previous methotrexate failures both in combination with
methotrexate and in monotherapy (the AMBITION trial); and rheumatoid arthritis patients who
are resistant to disease-modifying antirheumatic drugs (the TOWARD, OPTION and LITHE
trials) and anti-TNF-a agents (the RADIATE trial). Some of these Phase Il trials have also
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demonstrated the radiologic efficacy of TCZ (the LITHE and SAMURAI trials) as well as its

good safety profile, similar to other biologic agents. The effectiveness and safety of TCZ in a

setting closer to clinical practice than that typically described in Phase Ill studies have recently
been revealed by some Phase lllb studies (the TAMARA, ROSE, ACT-SURE, ACT-RAY and
ACT STAR studies) and the nationwide Danish registry.

Rheumatoid arthritis (RA) is a chronic sys-
temic inflammatory disease characterized by
joint pain and swelling, as well as stiffness and
fatigue, resulting in progressive joint damage
with loss of function and increased morbidity
and mortality [1]. Treatment comprises disease-
modifying antitheumatic drugs (DMARDs),
such as methotrexate (MTX), which improve
inflammatory processes and can slow disease
progression [2,3]. Biologic agents such as TNF-a
inhibitors are frequently used in patients with
inadequate response or intolerance to tradi-
tional DMARDs. However, in spite of these
agents, there are patients who do not achieve
an optimal control of disease activity [4-11]. A
novel target for RA treatment is IL-6, a pleio-
tropic proinflammatory cytokine produced by
a variety of cell types, including lymphocytes,
monocytes and fibroblasts, with an important
role in the pathogenesis of RA [12].

Tocilizumab (TCZ) is a humanized mono-
clonal antibody directed against the receptors
of IL-6, both soluble and membrane bound.
It was indicated in Japan for RA, Castleman’s
disease and juvenile idiopathic arthritis. In
Europe it has been approved, in combina-
tion with MTX, for the treatment of adult
patients with moderate-to-severe RA who
responded inadequately or were intolerant to
previous treatment with one or more DMARD
or TNF-a antagonist. However, TCZ can be
given as monotherapy in cases of intolerance
to MTX or when continuation with MTX is
contraindicated.

This article reviews the most relevant aspects
related to the pharmacology, clinical efficacy
and safety profile of TCZ, according to data
obtained not only from the Phase II1 trial pro-
gram but also from a setting close to real-life
medical care.

The IL-6 receptor (IL-6R) complex is composed
of IL-6R (either soluble IL-6R or membrane-
bound IL-6R) and a signal-transducing

molecule called gp130. When IL-6 binds any
of both forms of IL-6R, the complex IL-6-
IL-6R associates with gp130, which transduces
the IL-6 signal into the cell (13]. TCZ is a mol-
ecule composed of four polypeptide chains, two
heavy chains consisting of 448 amino acids and
two light chains of 214 amino acids [101]. TCZ
binds selectively and competitively to soluble
IL-6R and membrane-bound IL-6R, prevent
ing dimerization of gp130 molecules on the cell
membrane, blocking IL-6 signal transmission
into cells and, therefore, inhibiting the biologic
activity of IL-6 [14].

IL-6 is implicated in multiple immunologic
processes relevant to RA, such as the differenti-
ation of B cells into immunoglobulin-secreting
plasma cells or the activation of T cells [15,16].
It is involved in Th17 cell polarization and in
the production of IL-17, a cytokine that poten-
tially plays an important role in RA [12]. It also
induces the proliferation of synovial fibroblasts
[17] and osteoclast differentiation, which con-
tribute to joint destruction and osteoporosis
18]. In addition, results from animal mod-
els suggest an important role for IL-6 in the
induction and maintenance of chronic synovi-
tis [19,20]. IL-6 also contributes to the systemic
manifestations of RA, such as the development
of anemia by means of the hyperproduction
of hepcidin [21] or the decrease in the blood
lipid concentrations [22]. IL-6 is also implicated
in the mechanisms leading to production of
acute-phase proteins [23] and increase in the
number of platelets [24].

The Phase II CHARISMA trial, a multi-
centric double-blind randomized study,
encompassed seven therapeutic arms with
different doses of TCZ (2, 4 and 8 mg/kg)
every 4 weeks with or without MTX, and a
placebo group treated only with MTX. TCZ
8 mg/kg, besides obtaining the highest clinical
efficacy when combined with MTX, was the
only dose capable of decreasing both inflamma-
tory pharmacodynamic markers (erythrocyte
sedimentation rate and CRP) and maintain-
ing normal CRP levels [25]. Also, using this
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dosage, sustained improvements in markers of
bone resorption and cartilage turnover were
observed after 24 weeks of treatment [2¢].

Data from 1793 RA patients treated with TCZ
4 and 8 mg/kg every 4 weeks for 24 weeks were
used to determine the pharmacokinetic prop-
erties of TCZ [102]. The predicted steady-state
area under the curve and the maximum con-
centration were found to be higher with the
dose of TCZ 8 mg/kg than with 4 mg/kg. The
elimination half-life of TCZ is concentration
dependent, which explains why at steady state
it ranged from 11 (4 mg/kg every 4 weeks) to
13 days (8 mg/kg every 4 weeks) [102].

Age, gender and ethnicity did not affect the
pharmacokinetic parameters of TCZ. In this
RA population a mild renal impairment did not
affect the parameters either, although further
formal studies are needed to assess the effect
of renal and hepatic impairment on the phar-
macokinetics of TCZ [102]. TCZ clearance was
not affected by concomitant administration of
MTX, NSAIDs or corticosteroids [102].

TCZ has been found to normalize the
expression of CYP isozymes (e.g., CYP2C19
and CYP3A4), which are frequently reduced
in RA [27.102]. Therefore, drugs metabolized by
these isozymes (i.e., atorvastatin, calcium chan-
nel blockers, warfarin or ciclosporin) should be
monitored in case of initiating or discontinu-
ing TCZ, and a dosage adjustment could be
required to maintain its therapeutic effect.

Since the clinical development of TCZ for RA
in Japan is considerably different (e.g., TCZ is
used as monotherapy and the highest recom-
mended dose of MTX is 8 mg/week [28)), this
article will mainly focus on the trials developed
outside Japan where MTX is usually used at a
highest dose of 25 mg/week, also when com-
bined with TCZ. There are seven Phase III tri-
als that show clear efficacy of TCZ in all the
possible situations of RA (Table 1): RA with no
previous MTX failure (AMBITION p29), RA
refractory to MTX (SATORI 30, OPTION [31]
and LITHE [32]) or any DMARDs (TOWARD
(33]), and finally RA resistant to anti-TNF-o
(RADIATE [34)). Efficacy has generally been
proven in combination with DMARD:s, usu-
ally MTX, but also in monotherapy in Japan

(SAMURALI 35) and SATORI [30]) and outside
Japan (AMBITION p297).

Data obtained in these studies were subse-
quently confirmed in a setting close to real-life
medical care by means of the recently pub-
lished results of the Danish registry [36], as well
as by data obtained from Phase IIIb studies:
ROSE (patients with established RA resistant to
DMARD:s who were randomly assigned to TCZ
plus DMARD or placebo) (37, ACT-SURE [38],
TAMARA (two open-label studies of TCZ in
patients with inadequate response to DMARDs
or anti-TNF-a agents in the usual clinical
practice) [39]; and the ACT-RAY [40.41] and
ACT-STAR trials 42], both of which compared
the efficacy of the combined treatment TCZ
plus MTX with TCZ alone. The retrospective
study REACTION also showed the efficacy of
TCZ in clinical practice in Japan [43).

The therapeutic arms of the Phase III trials
were restricted to those of greater efficacy.
Thus, the treatment group in the TOWARD
and AMBITION trials received TCZ 8 mg/kg
intravenously (iv.) every 4 weeks, while the
RADIATE, OPTION and LITHE studies had
a second therapeutic arm using TCZ 4 mg/kg
iv. every 4 weeks. All these studies used TCZ
in combination with MTX except for the
TOWARD and AMBITION trials, which
used TCZ associated with any DMARD and
as monotherapy, respectively. The control arms
received MTX at a stable dose, with the excep-
tion of the patients from the TOWARD study,
who could be treated with any DMARD.

In general, the primary efficacy end point was
the American College of Rheumatology (ACR)
20 response after 24 weeks, which ranged from
70% in the AMBITION trial to 50% in the
RADIATE study. The difference between the
trials can be explained by their different RA
populations. Other secondary efficacy end
points were the ACR50 and ACR70 responses,
which were equally optimal, being approxi-
mately 40 and 20%, respectively, as well as
clinical remission (defined as a Disease Activity
Score in 28 joints [DAS28] <2.6), which was
achieved in approximately 30% of patients
after 24 weeks even in those with anti-TNF-a
resistant RA (RADIATE) [34].

It is important to remark that the ben-
eficial clinical and analytical effects of TCZ
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TCZ 4 mg/kg or placebo iv., in combination
with MTX (10-25 mg/week). However, the
TOWARD trial had only one therapeutic arm,
in which patients received TCZ 8 mg/kg iv.
associated to any DMARD (not only MTX).
In both cases, the ACR20, ACR50 and ACR70
responses after 24 weeks of treatment were
approximately 60, 40 and 20%, respectively
(Figure 1), and a clinical DAS28 remission was
achieved in approximately 30% (Figure 2). These
results were significantly superior to placebo
(ACR responses approximately 25, 10 and 2%,
respectively, in both trials and a DAS28 remis-
sion of only 2.9% in the TOWARD trial and
less than 1% in the OPTION trial).

Although the ACR20 and ACR50 responses
obtained in these trials were similar to those
reported with other biologic agents in RA
patients resistant to DMARDs, ACR70
response and DAS28 remission rates obtained
with TCZ in this setting were superior [46-48].

However, these high rates of remission may
be overestimated because of the efficacy of TCZ
in reducing acute-phase reactants, which have
an important role in DAS28 remission. In fact,
using other measures in which acute-phase reac-
tants have a low weight (the Simplified Disease
Activity Index) or are not even included (the
Clinical Disease Activity Index), the clinical
remission obtained with TCZ in patients from
the OPTION, LITHE and TOWARD studies
decreased to rates similar to those reported with
TNEF-o inhibitors [49].

The AMBITION trial also obtained interest-
ing results [29]. TCZ 8 mg/kg used as mono-
therapy for RA patients with no previous
failure to MTX disclosed a clinical efficacy
clearly superior to MTX. The ACR20, ACR50
and ACR70 responses in both groups were
70 versus 55%, 44 versus 33% and 28 versus
14%, respectively, and DAS28 remission was
33 versus 12.1%, respectively (Figures 1 & 2).
This is an important result taking into account

superior ACR responses with TCZ compared
with placebo, although these were slightly infe-
rior to those seen in the rest of the Phase III
trials (Figure 1). The DAS28 remission was
also approximately 30% after 24 weeks, even
in those resistant to two or three anti-TNF-a
inhibitors (Figure 2). Up to now, DAS28 remis-
sion was reported to be achieved in approxi-
mately 10% of RA patients refractory to TNF-a
inhibitors who were treated with another anti-
TNE-a agent or with a different biologic drug
(rituximab or abatacept) [52-54]. The authors feel
that, as shown in studies in RA patients resis-
tant to DMARDs, the reduction in the levels of
acute-phase reactants produced by TCZ when
compared with the different biologic therapies
could explain its superiority over other biologic
agents in achieving DAS28 remission [49].

The data discussed above from Phase III clinical
trials have been confirmed in additional studies
performed in clinical practice. In this regard,
the TAMARA trial included 286 moderate-to-
severe RA patients resistant to DMARDs or
anti-TNF-a drugs who received TCZ 8 mg/kg

80 -

B ACR20
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ACR response (%)

OPTION  TOWARD LITHE

RADIATE AMBITION

Figure 1. Proportion of patients with American College of Rheumatology
responses 20, 50 and 70 in different Phase Il studies with tocilizumab in
rheumatoid arthritis performed outside of Japan. The results were observed

at week 24. The results of the best therapeutic group of each study are shown:
tocilizumab at dose of 8 mg/kg intravenously every 4 weeks either plus
methotrexate (OPTION, LITHE and RADIATE), plus disease-modifying antirheumatic
drugs (TOWARD) or as monotherapy (AMBITION).

ACR: American College of Rheumatology.

that studies such as TEMPO (etanercept) or
PREMIER (adalimumab) showed that TNF-a
inhibitors were not superior to MTX when used
as monotherapy [50,51].

The RADIATE trial included RA patients resis-
tant to anti-TNF-a drugs and also reported
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DAS28 <2.6 (%)
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RADIATE  AMBITION

Figure 2. Proportion of patients in clinical remission (disease activity score

28 <2.6). The results were observed after 24 weeks, except in the LITHE trial, in
which results were observed after 1 year. The results of the best therapeutic group
for each study are shown: TCZ at dose of 8 mg/kg intravenously every 4 weeks
either plus methotrexate (OPTION, LITHE and RADIATE), plus disease-modifying
antirheumatic drugs (TOWARD) or as monotherapy (AMBITION).

DAS28: Disease activity score 28; TCZ: Tocilizumab.

iv. in combination with DMARDs every 4 weeks
during 24 weeks [39]. This study confirmed and
even improved the previously mentioned data
of clinical efficacy, obtaining ACR20, ACR50
and ACR70 responses of 65, 50.7 and 33.9%,
respectively, and a DAS28 remission of 47.6%.
Similar results were reported in the ROSE study,
a 24-week, randomized, double-blind trial per-
formed with RA patients resistant to DMARDs,
in which 30% of patients who received TCZ
8 mg/kg plus a DMARD achieved an ACR50
response [37]. As occurred in the Phase IIT tri-
als, in participants in the TAMARA and ROSE
studies TCZ had very early onset of action. As
a result, TCZ-treated RA patients experienced
a significant reduction of DAS28 and levels of
CRP within 1 week. In addition, the TAMARA
trial confirmed other important data regard-
ing the efficacy of TCZ such as the significant
improvement experienced in health-related qual-
ity of life in patients treated with TCZ, as well
as the lower clinical response in RA patients
who had previously failed to TNF-o antagonist
use compared with TNF-a antagonist-naive
patients [39].

In addition, a post-hoc analysis performed
with patients from the TAMARA trial also
confirmed in clinical practice the influence of

acute-phase reactants in the high rates of DAS28
remission obtained with TCZ [s5]. Thus, these
rates decreased to the level observed with other
biologic agents when remission criteria did not
include CRP or erythrocyte sedimentation rate
(Clinical Disease Activity Index, Simplified
Disease Activity Index and ACR/EULAR cri-
teria). The TAMARA trial not only confirmed
the results obtained in the Phase III trial pro-
gram but also showed new data, such as the
comparable clinical response seen in rheuma-
toid factor-positive and rheumatoid factor-neg-
ative RA patients, which had not been reported
previously.

The efficacy of TCZ in daily clinical practice
was also demonstrated in Japan in the retrospec-
tive study REACTION (43]. This trial reported a
clinical remission of 43.7% in 232 RA patients
treated during 52 weeks with TCZ 8 mg/kg iv.
every 4 weeks, combined with MTX in 56%
of cases. Remarkably, 62% of patients had
previously been treated with TNF-a inhibitors.

The results of Phase I1Ib trials recently presented
during the last rheumatology meetings also show
us new important data regarding TCZ [38,41.42).
Thus, the double-blind randomized Phase I1Ib
trial ACT-RAY concluded that the clinical and
radiologic response to TCZ monotherapy at
week 24 was not inferior to that observed with
TCZ plus MTX in RA patients resistant to
MTX [42]. Similarly, TCZ as monotherapy dem-
onstrated an equivalent clinical efficacy to that
obtained with the combined treatment TCZ
plus DMARD:s in RA patients with inadequate
responses to DMARDs or TNF-a inhibitors
(38.41]. The efficacy of TCZ monotherapy had
already been demonstrated in the AMBITION
study, although this trial did not include a thera-
peutic arm group with TCZ plus MTX, which
would have allowed the comparison of both
regimens, and the RA patients included had not
failed to previous MTX or biologic agents [29].
The CHARISMA trial included seven therapeu-
tic arms with RA patients resistant to MTX;
of which one received TCZ monotherapy and
another TCZ combined with MTX [25]. TCZ
plus MTX was demonstrated to be the most

effective regimen, as it was the only one to
achieve significantly better ACR50 and ACR70
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responses than MTX, differences that were not
seen with TCZ monotherapy.

Besides Phase IIIb trials, the nationwide reg-
istries also provide us with interesting data on
the efficacy of TCZ in a setting close to real-life
medical care. The results of the Danish registry,
including data of 97 RA patients treated with
TCZ (of which 93% had previously received
TNF-a inhibitors), have recently been published
(36]. At week 24, clinical remission was achieved
by 39% of patients, and this increased over time
up to 58% after 1 year of treatment.

The radiologic efficacy of TCZ was demon-
strated in two Phase I1I clinical trials, as mono-
therapy [35] and as combined therapy with MTX
(32], and confirmed in clinical practice in the
REACTION study [43].

The SAMURALI trial evaluated the radio-
logic progression (primary efficacy end point)
in early (duration <5 years) RA patients from
Japan with disease refractory to DMARDs
(35]. Patients were randomly assigned to receive
TCZ 8 mg/kg in monotherapy or traditional
DMARD:s. At week 52, patients in the TCZ
group showed significantly less radiologic pro-
gression both in the total Sharp score modified
by van der Heijde (2.3 [TCZ 8 mg/kg] vs 6.1
[placebo]) and in the erosive and joint space nar-
rowing components. In addition, significantly
more patients receiving TCZ compared with
DMARD:s had no radiologic progression after
52 weeks (56 vs 39%; p < 0.01). The 3-year
extension study confirmed these data and also
showed that the structural damage was more
effectively suppressed in patients treated with
TCZ from the beginning, compared with those
who initially received DMARDs and switched
to TCZ later [56].

The coprimary end point of the LITHE trial
was to assess the radiologic disease progres-
sion after 52 weeks in RA patients refractory to
MTX who received either TCZ 8 mg/kg, TCZ
4 mg/kg (both combined with MTX) or MTX
as monotherapy [32]. There was significantly less
radiologic progression in TCZ groups compared
with placebo regarding total Genant-modified
Sharp score (mean change 0f0.29, 0.34 and 1.13,
respectively) as well as in its components. The
2-year open-label trial confirmed this radiologic

efficacy over time, reporting that 81% of patients
treated with TCZ 8 mg/kg did not experience
radiologic progression after 2 years [57].

The Japanese REACTION study also dem-
onstrated the efficacy of TCZ in preventing
structural damage in clinical practice, since 62%
of RA patients treated with TCZ for 52 weeks
(56% in combination with MTX) did not show
radiologic progression [43]. A significant decrease
of synovitis at week 2 and osteitis at week 12 was
detected by the use of MRI in MT X-resistant
RA patients treated with TCZ, as described in
the Phase IIIb clinical trial ACT-RAY [40].

A good safety profile of TCZ has been demon-
strated in all the Phase III trials mentioned
and subsequently confirmed in the studies per-
formed in daily clinical practice [37-40]. A recent
meta-analysis that included the combined data
retrieved from the patients of the randomized
controlled trials ratified the good results in terms
of safety reported in each individual trial [s8].
This study confirmed that the majority of the
adverse events (AEs) attributed to TCZ after
24 weeks of treatment were mild or moder-
ate, both in monotherapy and in combination
therapy with DMARD:s. In fact, compared
with controls, the TCZ 8-mg/kg combination
therapy group only showed a small increased
risk of mild or moderate AEs such as nasophar-
yngitis, respiratory tract disorder, skin and soft
tissue pathology (e.g., rash) or gastrointestinal
(GI) side effects (e.g., nausea), but without dif-
ferences in the rates of serious AEs or deaths.
These promising results observed at week 24
were confirmed in open-label extension studies
(median 2.4 years of treatment), which included
4009 patients combining the five Phase IIT tri-
als and one clinical pharmacology study [s9].
This study demonstrated that the rate of serious
AEs remains stable over time (14.4/100 patient
years), with a rate of withdrawal owing to AEs
of 5.8/100 patient years, most occurring during
the first 6 months. The most relevant AE data
are discussed below.

Infections are the most common AEs and seri-
ous AEs in TCZ-treated patients [59]. In the
randomized controlled trials the rates of infec-
tions after 24 weeks were slightly higher in the
TCZ 8 mg/kg combined group compared with
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controls, although the difference was not sig-
nificant when the frequency of serious infec-
tions was analyzed [58,60]. It seems that the inci-
dence of serious infections remains stable over
time, with rates of 4.7/100 patient years in the
open-label extension studies mentioned above
(59] and 5.7/100 patient years in a 5-year exten-
sion Japanese study that used TCZ as mono-
therapy [61]. These rates are equivalent to those
observed in daily clinical practice [37-39]. The
most frequent serious infections were pneu-
monia, gastroenteritis, urinary tract infections
and cellulitis, and these were more prevalent in
patients with pre-existing pulmonary disease,
diabetes, older age and higher BMI, as well as in
those treated with steroids or previously treated
with a TNF-a inhibitor [59]. The rate of serious
infection observed in patients undergoing TCZ
therapy is similar to that seen in patients with
anti-TNF-a antagonists [62].

Opportunistic infections were reported in
22 patients (0.23/100 patient years) after a
median duration of treatment of 2.4 years, but
only nine of these were caused by mycobacteria
[59]. By contrast, no cases of tuberculosis were
reported after 5 years in the STREAM trial [61].
TCZ did not affect the response to influenza
vaccination, which was similar to that observed
in patients receiving DMARD:s [63].

The different open-label extension studies did
not show an increased incidence of malignancies
in patients treated with TCZ. The overall rate
of malignancy in the extension studies combin-
ing the five Phase III studies performed outside
Japan was 1.1/100 patient years [59], which was
comparable to the rate of 1.3/100 patient years
observed in a cohort of RA patients from the
USA [64]. Similarly, the Japanese STREAM trial
found a low rate of malignancy (0.7/100 patient
years), which was equivalent to that observed
in a population of RA patients from Japan [6s].

Infusion reactions (occurring within 24 h of
the infusion) were reported in 7% of patients
receiving TCZ 8 mg/kg plus DMARDs dur-
ing 6 months compared with 5% in the placebo
plus DMARD group [102]. Most of the reactions
were mild and did not require discontinuation
of treatment. The most common infusion reac-
tions were nausea, exanthema, hypertension,

headache and pruritus. Severe anaphylactic
reactions were reported in eight patients in the
extension studies; most of them with the TCZ
4 mg/kg dose and during the first four infusions
(59]. Postmarketing data also reported a case of
fatal anaphylaxis. In addition, TCZ was associ-
ated with a low production of autoantibodies
and immunogenicity [66].

Treatment with TCZ was often associ-
ated with the development of neutropenia,
which was generally mild, Common Toxicity
Criteria grade 1 (1500 cells/mm?) or grade 2
(1000-1500 cells/mm?), transient and not asso-
ciated with infections. In this regard, Common
Toxicity Criteria grade 3 (500-1000 cells/
mm?) and 4 (<500 cells/mm?) neutropenia was
reported in 4.1 and 0.6% of patients, respec-
tively, leading to treatment discontinuation in
most cases [59]. However, TCZ-related neutro-
penia was not associated with an increased rate
of infections [59]. Neutropenia was found to be
related to TCZ dose [25]. IL-6 physiologically
increases the number of circulating neutro-
phils and its inhibition via TCZ can lead to the
opposite effect [67].

Increases in alanine aminotransferase (ALT),
aspartate aminotransferase (AST) and biliru-
bin have often been reported and constitute the
most common AEs leading to the discontinua-
tion of TCZ [59]. However, most of the ALT and
AST increases were mild (less than three-times
above the upper limit of normal [ULN]), tran-
sient, unrelated to bilirubin increases and nor-
malized either spontaneously or following the
discontinuation of TCZ therapy [68]. Moreover,
no cases of hepatitis or liver dysfunction were
seen. The frequency of ALT and AST eleva-
tions greater than three-times the ULN occur-
ring at any time in the extension studies was
9.5 and 3.1%, respectively [s9]. Elevations of
ALT and AST were observed more frequently
in the high-dose TCZ group, especially when
combined with MTX. Thus, increases in ALT
greater than three-times the ULN occurred in
5.7% of patients treated with TCZ 8 mg/kg
plus DMARD, compared with 3.7% of patients
treated with MTX monotherapy and 1.9% of
those treated with TCZ 8 mg/kg monother-
apy [59]. It has been demonstrated that IL-6 has
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an antiapoptotic physiological action on the
liver, leading to its regeneration, but the mecha-
nism of liver enzyme increase mediated by TCZ
is still unknown [69].

Increases in total cholesterol, low-density lipo-
protein cholesterol, high-density lipoprotein
cholesterol and triglycerides as well as ApoAl
and ApoB have been reported in clinical trials
(31.59,60,70]. This elevation is observed as early
as week 6 [31], with no further elevation over
time [59.60]. Elevations of low-density lipopro-
tein cholesterol from <130 mg/dl at baseline to
>130 mg/dl occurred in 33.2% of patients not
receiving lipid-lowering agents, compared with
14.2% in the control group [59]. By contrast to
reports in dyslipidemia, serum levels of high-
density lipoprotein cholesterol are increased in
patients receiving TCZ, which contributes to
the correction of the atherogenic index (plasma
total cholesterol:high-density lipoprotein choles-
terol ratio), an important prognostic marker for
cardiovascular disease. Lipid-lowering therapy
was initiated in 7.8% of patients during long-
term TCZ treatment [59], leading to improve-
ment of the lipid profile 71]. Interestingly, TCZ
drastically decreased the inflammation mark-
ers [29.33,34]. This fact is of major relevance as it
is known that inflammation plays a role in the
development of subclinical atherosclerosis and
cardiovascular events in patients with RA [72,73].
Therefore, the overall cardiovascular effect of
both factors (lipid alteration and improvement in
inflammatory parameters) remains unclear and
somehow contradictory. However, the results
of the different trials show that patients who
have received TCZ for 2.4 years do not have an
increased rate of stroke and myocardial infarc-
tion compared with those treated with placebo,
and the rates of cardiovascular events seem to be
similar to those observed in epidemiologic stud-
ies of RA [59]. In this regard, the 5-year exten-
sion study STREAM did not find evidence of an
increased risk of cardiovascular disease related to
TCZ either [61].

Similar alterations in the lipid profile and in
the inflammatory parameters have also been
described in RA patients undergoing anti-
TNF-a therapy [74-76]. However, an important
reduction in the incidence of cardiovascular
events has been observed in these patients, in

particular in those who experienced a good ther-
apeutic response following the use of TNF-a
antagonists (77,78].

Concerns about an increase in lower GI perfora-
tions in patients receiving TCZ have been raised.
However, a recent review showed that the rate
of lower GI perforations observed in patients
treated with TCZ (1.9/1000 patient years) is
comparable to that observed in those treated
with TNF-a inhibitors (1.3/1000 patient years),
and lower than that seen with corticosteroids
(3.9/1000 patient years) [79].

The management of RA has significantly
changed in recent years with the introduc-
tion of biologic agents directed against specific
therapeutic targets with an important role in
the pathogenesis of RA (e.g., TNF-ot and IL-1).
These drugs have allowed a much more effective
control of the disease in cases of inefficacy of or
intolerance to traditional DMARD:s. Usually,
TNEF-a inhibitors are used as first-line agents
in patients refractory to conventional DMARD
therapy but, regrettably, they do not control dis-
ease activity in all cases and are not free of side
effects. When required, the anti-TNF-o agent
can be replaced by another anti-TNF-a agent
or by a biologic agent with a different target.
However, in spite of this, some patients will
still have persistently active disease, so other
therapeutic options able to achieve an optimal
control of RA activity are required. Since 2008,
TCZ (an IL-6 inhibitor) has provided a new
therapeutic tool to be used in moderate-to-
severe RA patients either resistant to DMARDs
or TNF-a antagonist agents, or intolerant of
them. TCZ obtains a better response combined
with MTX, although it can be used as mono-
therapy. Data discussed in this review indicate
that TCZ is a drug that is at least as effective
and safe as other biologic agents in patients with
RA, and with some specific characteristics that
allow us to consider TCZ to be a very good
therapeutic option in certain situations. With
respect to this, TCZ is the only biologic agent
that, used alone, has demonstrated superior-
ity over MTX [31]; therefore, it may be a good
option in RA patients that must be treated with
a monotherapy (e.g., patients with intolerance
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of/contraindication to DMARDs). Owing
to the important role of IL-6 in the systemic
inflammatory response, TCZ should also be
considered in RA patients with high levels of
acute-phase reactants and severe anemia. In fact,
the TAMARA trial found TCZ to be particu-
larly beneficial in patients with high RA activity
measured by DAS28, an index in which acute-
phase reactants have an important role 41]. TCZ
can also be a good alternative in RA patients
resistant to TNF-a inhibitors [36], although
its superiority over other biologic agents in
achieving DAS28 remission seems to be over-
estimated because of its efficacy in decreasing
levels of acute-phase reactants [49.55]. The subset
of rheumatoid factor-negative RA patients with
an inadequate response to anti-TNF-o drugs
should be considered for receiving TCZ since,
unlike other biologic agents used after a TNF-a
inhibitor failure, TCZ is not less effective in
seronegative RA [41]. Because of the impor-
tant role of IL-6 in the pathogenesis of the AA
amyloidosis, and the efficacy of TCZ in con-
trolling the inflammatory process that causes
this complication, TCZ could also be a good
option in RA patients diagnosed with secondary
amyloidosis [80,81]. TCZ may also be considered
in RA patients who are candidates to receive
a biologic agent and are diagnosed with latent
tuberculosis, always after receiving the correct
prophylactic therapy. Although more data are
necessary to be able to recommend TCZ in this
setting, IL-6, unlike TNF-a., does not have a
pivotal role in granulomatous bacterial contain-
ment and cases of active tuberculosis with TCZ
have been rarely reported (62]. In the authors’
clinical experience, TCZ has also been effec-
tive in RA patients with refractory psoriasiform
lesions induced by TNF-a inhibitors who did
not respond to the discontinuation of the drug
or to topical treatments. TCZ rapidly controlled
both joint manifestations and skin involvement
in two patients with this complication.

According to data mentioned above, TCZ
8 mg/kg every 4 weeks is considered the most
effective dosage to achieve an optimal clinical
and analytical response. However, TCZ at a dose
of 4 mg/kg every 4 weeks has also been dem-
onstrated to be superior to placebo in different
scenarios of RA [31,32,34]. In fact, the US FDA
recommends a starting dose of 4 mg/kg followed

by an increase to 8 mg/kg based on clinical
response. Taking into account the recently com-
municated results of the Phase IIIb trials men-
tioned above [43,44,58], more data seem necessary
to be certain that combining TCZ with MTX
or other DMARD:s is actually the best option
and to discover what type of RA patients would
benefit from this combination (RA with no pre-
vious failure to MTX, or resistant to MTX or
TNF-a inhibitors).

TCZ is generally well tolerated, with a low rate
of withdrawal, similar to that observed in other
biologic agents. The majority of AEs are mild-to-
moderate and consist mainly of infections (fre-
quently involving the upper respiratory tract), GI
side effects or cutaneous rash. However, severe
AEs can also occur and physicians should be
aware of serious infections (mainly pneumonia,
gastroenteritis or urinary tract infections) and
opportunistic infections such as tuberculosis or
anaphylaxis reactions [59,60].

Laboratory alterations such as neutropenia,
elevation of liver enzymes or alterations of the
lipid profile are also frequently seen. However,
in most cases they are mild and not related to
an increase in the rates of infections, hepatitis or
cardiovascular events [62]. However, laboratory
values should be monitored every 4-8 weeks dur-
ing treatment and TCZ should be discontinued
in cases of ALT or AST greater than three-times
the ULN and grades 3 or 4 neutropenia. In cases
of alteration of the lipid profile, lipid-lowering
therapy should be initiated when indicated.

The association between TCZ and other
possible serious AEs such as GI perforations or
malignancies remains unclear, meaning that
clinicians should also be aware of them, as well
as other rare but serious side effects observed
with other biologic agents, such as demyelinating
disorders or interstitial lung disease.

TCZ is an IL-6 inhibitor that constitutes a
therapeutic option for the management of RA
different from other biologic agents such as
anti-TNF-a agents, rituximab or abatacept.
Infusions of 8 mg/kg iv. every 4 wecks com-
bined with MTX or with another DMARD or
even in monotherapy seem to be the most ade-
quate way of TCZ administration. Its efficacy
in RA patients with an inadequate response to
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DMARD:s or TNF-a inhibitors has been dis-
cussed in the present review; it demonstrates
similar results to those seen with other bio-
logic agents, although higher end points such
as ACR70 or DAS28 remission might be more
easily achieved with TCZ, and its outcomes as
monotherapy are unique. TCZ has also been
demonstrated to have a safety profile similar to
those of other biologic drugs, with its main AEs
being infections, infusion reactions, neutrope-
nia, elevations of liver enzymes and alterations
of the lipid profile. However, further studies are
necessary to assess other, less frequent, second-
ary effects such as malignancies, cardiovascular
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