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Summary Proinflammatory cytokines are centrally
involved in the pathogenesis of various rheumatic dis-
eases. Interleukin (IL)-6 is a prototypic representative of
this family. Basic research has uncovered a multitude of
functions for this cytokine, such as immune regulation,
hematopoiesis, inflammation, and oncogenesis (Fig. 1).
In recent years, agents blocking the actions of IL-6 have
been developed for the therapy of rheumatologic inflam-
matory diseases. While in some diseases, most notably
rheumatoid arthritis, the clinical efficacy of these drugs
was excellent, the results of clinical trials in other chronic
inflammatory diseases were heterogeneous. In this
review, we will summarize the data currently available on
IL-6 blockade in chronic inflammatory diseases and will
also discuss the safety issues of blocking this cytokine.
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Therapeutische Hemmung von Interleukin 6 bei
chronischen Entziindungskrankheiten

Zusammenfassung Proinflammatorische Zytokine sind
zentrale Faktoren in der Pathogenese von entziindlich
rheumatischen Erkrankungen. Interleukin 6 ist ein pro-
totypisches Beispiel dieser Zytokinfamilie. Interleukin
6 spielt eine wichtige Funktion in der Regulierung des
Immunsystems und von Entziindungsreaktionen, der
Blutbildung und der Onkogenese. Die Erkenntnisse aus
der Grundlagenforschung legten den Grundstein fiir die
Entwicklung von therapeutischen Ansétzen, die dieses
Zytokin blockieren. Diese erwiesen sich in einigen Krank-
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heiten, vor allem in der rheumatoiden Arthritis, als sehr
effizient, in anderen nicht. In diesem Review werden die
derzeit vorhandenen Daten aus diversen klinischen Prii-
fungen diskutiert und sowohl hinsichtlich Effektivitét als
auch hinsichtlich Sicherheit zusammengefasst.

Schliisselworter IL-6 - Rheumatoid arthritis - Tocilizu-
mab

Tocilizumab in rheumatoid arthritis

The clinical efficacy of tocilizumab (TCZ) was evaluated
in seven phase IIl randomized controlled trials (Table 1).
Following the phase III clinical trials, several phase IIIb/
IV studies were conducted.

Tocilizumab combination therapy

The OPTION (TOcilizumab Pivotal Trial in Methotrex-
ate Inadequate RespONders) trial was the earliest global
phase III study showing the efficacy of TCZ combined
with methotrexate (MTX) in patients with rheumatoid
arthritis (RA) who had an inadequate response to MTX.
Other synthetic disease-modifying antirheumatic drugs
(sDMARDs) were discontinued prior to the start of the
study, and the patients were mostly naive to biological
DMARDs (bDMARD:S). A total of 625 patients were ran-
domized to intravenous administration of TCZ 8 mg/
kg, 4 mg/kg, or placebo combined with stable MTX
therapy (10-25 mg/week). At week 24, the primary end
point, the ACR20 response was achieved in significantly
more patients receiving TCZ, 8 mg/kg (59 %) and 4 mg/
kg (48 %), compared with those receiving placebo (26 %).
Secondary end points including ACR50, ACR70, and dis-
ease activity score (DAS)28 remission showed also supe-
riority for TCZ over placebo control group [1].
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Fig. 1 Schematic representation of some of the effects of in-
terleukin-6 (/L-6) on different cell types and tissues (VEGF vas-
cular endothelial growth factor, RANKL receptor activator of
nuclear factor kappa-B ligand, CRP C-reactive protein, SAA
serum amyloid A)

The Tocilizumab in cOmbination With traditional
DMARD (TOWARD) study, including more than 1200
patients, examined the combination of TCZ with any
sDMARD, including MTX (75%) and hydroxychloro-
quine (20%), gold (0.5%), salazopyrine (14 %), azathio-
prine (2%), and leflunomide (14 %). This study included
patients who had an inadequate response to these
sDMARD but excluded patients who were previously
treated with bDMARDS.

The patients were randomized in a 2:1 ratio to the TCZ
(8 mg/kg every 4 weeks) or the placebo treatment groups
in combination with sSDMARDs at stable doses. ACR20
responses as well as secondary end points, including the
ACR50, ACR70 improvements,DAS28, EULAR responses,
and systemic markers of the acute-phase response (APR),
were assessed at week 24. The ACR20 response rate was
significantly higher at week 24 in patients receiving TCZ
+ sDMARD (61 versus 25%; p<0.0001) than placebo.
Patients responded to TCZ regardless of the type and
amounts of the accompanying sDMARDs with the excep-
tion of patients who had a background therapy consisting
of atleast three DMARDs, where the response to TCZ was
less pronounced. In addition, all secondary end points
were significantly different in favor of TCZ at week 24 [2].

To test the efficacy of TCZ in patients who had previ-
ously failed on tumor necrosis factor (TNF) inhibitors,
the RADIATE (Research on Actemra Determining EffI-
cacy after Anti-TNF FailurEs) trial was performed. In this
study, 499 patients with an inadequate response to one or
more TNF inhibitors were randomized to receive a dose
of TCZ 8 mg/kg or 4 mg/kg or a placebo plus MTX (10-
25 mg weekly for 24 weeks). At week 24, the proportion
of the ACR20 responders was significantly higher in both
treatment groups (50.0% in the 8 mg/kg, 30.4% in the
4 mg/kg, compared with only 10.1 % in the control group
(p<0.001)). While the ACR20 response was not related
to the type and number of prior TNF inhibitor therapies
in the 8 mg/kg group, ACR50 and 70 response rates were
much lower in patients who had previously received

Table 1 Clinical efficacy of tocilizumab in phase Il randomized controlled trials

Study Number  Patients Treatment

OPTION 623 MTX IR 8 mg/kg TCZ + MTX

4 mg/kg TCZ + MTX

MTX

8 mg/kg TCZ + sDMARDs
SDMARDs

8 mg/kg TCZ + MTX

4 mg/kg TCZ + MTX

MTX

8 mg/kg TCZ + MTX

TOWARD 1220 DMARD IR

RADIATE 499 TNFi IR

LITHE 1196 MTX IR

4 mg/kg TCZ + MTX
MTX

8 mg/kg TCZ

MTX

8 mg/kg TCZ

AMBITION 673 MTX-naive (67 %)

SAMURAI 306 DMARD IR

DMARDs
8 mg/kg TCZ
MTX

SATORI 127 MTX IR

Follow-up ACR20/50/70 (%)  Radiographic assessment (change in
(weeks) total score %)
24 59/44/22
48/31/12
26/11/2
24 61/38/21
25/9/3
24 50/29/12
30/17/5
10/4/1
52 56/36/20 0.29
Genant-modified Sharp score
47/29/16 0.34
25/10/4 1.13
24 70/44/28
53/34/15
52 78/64/44 2.3
van der Heijde-modified Sharp score
34/13/6 6.1
24 80/49/30
25/11/6

ACR20/50/70 American College of Rheumatology 20/50/70 response, MTX IR inadequate response to methotrexate, DMARD IR inadequate response to disease-
modifying anti-rheumatic drugs, TCZtocilizumab, TNFi IR inadequate response to tumor necrosis factor inhibitor, MTX methotrexate, SDMARDs synthetic

disease-modifying antirheumatic drugs
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three TNF blockers. Interestingly, DAS28 remission was
significantly higher only in the TCZ 8 mg/kg group than
placebo, but not in the TCZ 4 mg/kg group [3]. The 8 mg/
kg regimen was also found to normalize C-reactive pro-
tein (CRP) levels in patients, but not in the 4 mg/kg group,
where CRP levels dropped on treatment, but remained
above the upper limits of the normal (ULNSs). In this con-
text, it needs to be borne in mind that due to the dramatic
effect of TCZ on acute-phase reactants, the use of the
DAS28 score, which is heavily weighted on erythrocyte
sedimentation rate (ESR) or CRP, does not deem ideal;
especially, DAS28 remission rates may be exaggerated
and, indeed, in the RADIATE trial, were even higher than
50% improvement (ACR50) [4].

In the TociLIzumab Safety and THE Prevention of
Structural Joint Damage (LITHE) study, 1196 patients
with RA, who had an inadequate response to MTX, were
randomized to the TCZ 8 mg/kg or 4 mg/kg treatment
groups or a placebo control treatment group along with
stable doses of MTX (ratio 1:1:1). In this study, the focus
was on the effect of TCZ on radiographic progression.
Primary end points were defined as the change from
baseline in the total Genant-modified Sharp score and
physical function (area under the curve of the Health
Assessment Questionnaire Disability Index (HAQ-DI)),
and secondary end points included the ACR response
rates. The analysis of radiographic data demonstrated
that TCZ plus MTX reduces radiographic progression by
74 and 70 % in the TCZ 8 mg/kg and TCZ 4 mg/kg groups,
respectively, in comparison with the placebo group. The
mean change in the total Genant-modified Sharp score
was 0.29, 0.34, and 1.13 in the TCZ 8 mg/kg, TCZ 4 mg/kg,
and the placebo group, respectively. In terms of physical
function, the change in HAQ-DI score was significantly
reduced in both treatment groups. In addition, the pro-
portion of ACR20, 50, and 70 responders was also signifi-
cantly higher in both TCZ groups at week 52 [5].

Tocilizumab monotherapy

The AMBITION (Actemra versus Methotrexate double-
Blind Investigative Trial In mONotherapy) compared the
efficacy of TCZ monotherapy with MTX monotherapy. A
total of 673 patients, who were either MTX naive (66 %) or
did not discontinue previous treatment with sSDMARDs
or bDMARDs because of lack of efficacy, were random-
ized to the TCZ 8 mg/kg treatment group or MTX treat-
ment group. The study demonstrated that TCZ was more
effective compared with MTX monotherapy. The propor-
tion of ACR20, ACR50, and ACR70 responders were 70,
44, and 28% in the TCZ treatment group versus 53, 34,
15% in the MTX group, the difference being highly sig-
nificant [6].

The Japanese SAMURALI trial (Study of Active con-
trolled Monotherapy Used for Rheumatoid Arthritis, an
IL-6 inhibitor), where the treatment was open label, but
radiographic assessment was done blinded, compared
TCZ 8 mg/kg with DMARDs (mostly MTX) and was ongo-

ing for 52 weeks. This trial demonstrated significantly less
radiographic progression in the TCZ group compared
with the sSDMARD group. Also, clinical response rates
were significantly higher in the TCZ treatment group
compared with sSDMARD therapy (ACR20/50/70: 78, 64,
and 44 % for TCZ-treated group versus 34, 13, and 6 % in
the SDMARD-treated group) [7].

Moreover, in another Japanese trial, the SATORI (Study
of active controlled Tocilizumab monotherapy for rheu-
matoid Arthritis) trial, the efficiency of TCZ monother-
apy in patients with an inadequate response to MTX was
shown. A total of 125 patients were randomized to either
TCZ 8 mg/kg or low-dose MTX therapy. At 24 weeks, the
primary end point, the ACR20 response was achieved in
80.3 % in the TCZ group compared with 25% in the con-
trol group. However, it must be noted that in both Japa-
nese studies, MTX was dosed in only 8 mg/week, which
is due to regional differences in the MTX dose used, as
MTX 8 mg/week is the maximum dosage approved in
Japan [8].

In the ADACTA study (ADalimumab ACTemrA), a
phase IV study comparing TCZ monotherapy with TNFi
monotherapy, 326 patients were randomly assigned to
adalimumab monotherapy or TCZ monotherapy. The
study showed that TCZ monotherapy was superior to
adalimumab monotherapy. This is in line with earlier
studies on adalimumab monotherapy leading to the cur-
rent practice of prescribing anti-TNF therapies only as
combination therapies [9]. To address the real-life ques-
tionwhetheritis better to either add TCZ to MTX or switch
MTX to TCZ monotherapy in patients who had an inad-
equate response to MTX alone, the ACT-RAY Study was
performed where 556 patients were randomized to either
continue MTX with the addition of TCZ 8 mg/kg or switch
to TCZ monotherapy. While the data suggested that there
was no significant superiority of the add-on strategy over
the switch strategy in both DAS28-ESR remission rates
(40.4 versus 34.8%) and ACR20/50/70 response rates
(71.5/40.2/25.4% versus 70.3/40.2/25.4%), low disease
activity (DAS28<3.2) was reached in significantly more
patients of the add-on strategy group compared with the
switch strategy, and radiographic changes were also sig-
nificantly lower with combination than monotherapy of
TCZ [10, 11].

Therefore, these studies suggest that TCZ is effica-
cious as monotherapy, that it is significantly more effica-
cious as MTX monotherapy (both with regard to clinical
response and inhibition of structural damage) or TNFi
monotherapy (clinical response) [12]. However, the clini-
cal trial comparing TCZ monotherapy with TCZ and MTX
has been currently analyzed. Therefore current recom-
mendations suggest the combination therapy. However,
for patients who are intolerant to or experienced adverse
events (AEs) from sDMARDS, TCZ monotherapy can be
considered [13].

As mentioned earlier in the text, as IL-6 inhibition has
a considerable effect on the hepatic APR, it is very likely
that the response rates of the previous described stud-
ies were overestimated due to the large influence of APR
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on many disease scores. Therefore, Smolen and Aletaha
[14] used data from the three randomized clinical trials
(LITHE, OPTION, and TOWARD) and investigated the
efficiency of TCZ on RA disease activity, using measures
that do (DAS28 and simplified disease activity index
(SDAI)) or do not (clinical disease activity index (CDAI))
comprise acute-phase reactants. Their study showed that
disease activity is significantly reduced by TCZ therapy
independent of the type of composite measures used
to assess disease activity. However, when using DAS28
compared with SDAI and CDAI, the remission rates in
the TCZ groups were much higher (30 against 7.7 and
6.4%), which can be explained by the high weight of the
ESR (and also CRP) in the DAS28 formula. Of note, using
the CDAI index, the remission rates in patients treated
with TCZ were similar to those treated with TNF inhibi-
tors [14].

Safety profile of tocilizumab

Schiff et al. [15] analyzed in their study the cumula-
tive safety of TCZ using data from five phase III trials
(OPTION, AMBITION, RADIATE, TOWARD, LITHE), two
extension trials, and one clinical pharmacology study.
The overall AEs were 339.0/100 patient years (PY) in the
placebo group, 358.0/100 PY in the 4 mg/kg group, and
381.6/100 PY in the 8 mg/kg group.

Infections were reported to be the most frequent AEs
and serious AEs (SAEs) in both groups. The rate of seri-
ous infections was highest for the TCZ 8 mg/kg group
(4.9/100 PY) compared with 3.5/100 PY for the TCZ 4 mg/
kg group and 3.5/100 PY for the control group. Rate of
serious infections were greater in older patients, over-
weight individuals, patients with pre-existing pulmonary
disease or diabetes, and patients who were previously
treated with TNFi, regardless of the treatment group.
The most common infections were pneumonia and skin
infections. In terms of Mycobacterium tuberculosis infec-
tion, seven cases were reported, of whom all received
TCZ 8 mg/kg. As with SAEs, the rate of infections did not
increase over time [15]. Another meta-analysis using
data from six randomized controls trials also including
RADIATE, OPTION, TOWARD, and AMBITION showed
a significant greater risk for infections for the treatment
of TCZ 8 mg/kg in combination with MTX compared
with a control group [16]. A meta-analysis by Singh et al.
[17] reported similar rates for serious infections in com-
parison with other bDMARDS, including TNFi. Although
these analyses have to be interpreted with some due cau-
tion, the safety of TCZ seems to be comparable to other
bDMARDS.

Regarding malignancies, the overall rate was 0.7/100,
1.4/100, and 0.7/100 PY in the control, TCZ 4 mg/kg, and
TCZ 8 mg/kg groups. Again, the overall rate of malig-
nancy of 1.1/100 PY in patients who received TCZ treat-
ment was similar to published data on a large cohort of
RA patients who were mostly treated with TNFi (62 %)
with a malignancy rate of 1.3/100 PY [15, 18].

Schiff et al. reported on 18 cases of lower gastrointesti-
nal (GI) perforations (1.9/1000 PY) during TCZ treatment,
whereof 16 were associated with underlying diverticuli-
tis. The majority of these patients were taking oral glu-
cocorticoids, which are associated with risk of lower GI
tract (GIT) perforation (3.9/1000 PY) [15, 19]. Of note,
the rate of GIT perforations for TNFi was 1.3/1000 PY as
analyzed from the data of the United Health Care data-
base [19]. Thus, patients with previously reported diver-
ticulitis (not diverticulosis) seem to have a slightly higher
risk for lower GI perforations compared with TNFi. Glu-
cocorticoids and/or nonsteroidal anti-inflammatory
drugs (NSAIDs) put those patients in an additional risk.
Therefore, abdominal pain should be taken seriously in
all patients during TCZ treatment.

Increased liver enzymes alanine transaminase (ALT)
and aspartate transaminase (AST) are associated with
TCZ treatment. This increase was generally mild and
reversible and importantly not associated with drug-
induced liver injury [15]. An increase in ALT and AST
more than three times the ULN was less frequent with
TCZ monotherapy. In the case of ongoing liver enzyme
elevation in a range of one to three times the ULN, a dose
reduction to 4 mg/kg or interruption is recommended
until normalization; if liver enzymes increase to more
than three times the ULN, therapy should be discontin-
ued and can be started again at a lower dose once liver
enzymes are less than three times the ULN and resumed
at 8 mg after liver enzyme normalization. For sustained
liver enzyme elevation more than three times the ULN or
for any elevation more than five times the ULN, therapy
should be stopped [20].

Neutropenia was reported frequently during TCZ
treatment and generally did not appear associated
with an increased risk of infections [15]. Nevertheless,
TCZ treatment should be stopped if neutrophil counts
are <500/mm?®. At counts of 500-1000/mm?3, treatment
should be discontinued and started again at a lower dose
when neutrophil counts are >1000/mm? [20]. In addi-
tion, decreases in mean platelet counts were observed
in the TCZ groups at week 2 compared with control
group. Grade 3 (thrombocytes 25-50 x10 9/L) and grade
4 (thrombocytes <25 g/1) thrombocytopenia occurred in
32 patients treated with TCZ, of whom just 1 suffered a
serious bleeding event (hemorrhagic stomatitis). Con-
sequently, the treatment was stopped, and the event
resolved without further complications [15].

Finally, a significant increase in mean cholesterol,
low-density lipoprotein (LDL), high-density lipoprotein
(HDL), and triglycerides were reported in phase III clini-
cal trials. As generally serum cholesterol and LDL levels
are low in RA patients, this elevation of cholesterol might
either be a drug effect or because TCZ reduces disease
activity, and thus, lipid levels return to normal [21].

Concerning cardiovascular events during the phase III
trials, the myocardial infarction rate was reported to be
0.49/100 PY in the control group, 0.18/100 PY in the TCZ
4mg/kg group, and 0.17/100 PY in the TCZ 8 mg/kg group.
The rate of strokes was 0.24/100 PY in the control group,
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0/100 PY in the TCZ 4 mg/kg group, and 0.33/100 PY in the
TCZ 8 mg/kg group. Altogether, the rate of cardiovascular
events in these trials was low. Importantly, also the 5-year
follow-up study of the STREAM trial showed no increased
risk of cardiovascular disease during TCZ long-term treat-
ment [22]. Recently, the MEASURE trial was published,
which was performed to investigate the risk of TCZ treat-
ment for vascular disease. Consistent with prior data,
LDL and triglyceride levels increased in the TCZ treat-
ment group versus placebo. No changes in mean small
LDL, oxidized LDL, or total HDL were detected. However,
TCZ significantly decreased lipoprotein a, fibrinogen, and
D-dimer, which are also vascular risk factors. Thus, the net
effect of TCZ on vascular risk is yet not clear [23].

Novel IL-6-blocking agents

Olokizumab, a humanized anti-IL-6 monoclonal anti-
body (mADb), has been tested in a 12-week phase IIb study
in RA patients with moderate-to-severe disease activity
despite TNF inhibitors [24]. Patients were randomized
to receive placebo or olokizumab in various dosing regi-
mens (60, 120, or 240 mg either every 4 weeks or every
2 weeks) and compared with TCZ 8 mg/kg, providing
the first head-to-head comparison of drugs targeting the
same molecule. All patients received background MTX.
All olokizumab doses tested were better than placebo in
inducing an ACR20 response. Olokizumab showed com-
parable efficacy to TCZ across multiple end points, and
also AEs were similar to TCZ [24].

Sarilumab is a human anti-IL-6Ra mAb and therefore
similar to TCZ. Patients with active RA despite MTX were
randomized to receive placebo or sarilumab in various
dosing regimens (100, 150, or 200 mg every other week
or 100 or 150 mg weekly) with concomitant MTX therapy.
The proportion of patients achieving an ACR20 response
(primary end point) at week 12, compared with placebo,
was only significantly higher for sarilumab 150 mg weekly
(72.0 versus 46.2 %, p=0.0203), 150 mg every other week
(67%; p=0.0363), and 200 mg every other week (65 %;
p=0.0426), probably due to the high placebo response.
For ACR50 and ACR70, the difference between treated
and placebo was considerably better. Infections were
the most common treatment-emerged adverse event
(TEAEs). Cholesterol elevation was also reported [25].

Sirukumab, a human anti-IL-6 mAb was evaluated in
two parts of a phase II study to assess the safety and effi-
cacy of subcutaneous sirukumab in patients with active
RA despite MTX [26]. In part A, 36 patients were random-
ized to placebo or sirukumab 100 mg every other week
through week 10, with crossover treatment during weeks
12-22. In the dose-finding part B, 151 patients were ran-
domized to receive sirukumab (100 mg every other week
or 25, 50, or 100 mg every 4 weeks) until week 24, or pla-
cebo until week 10, with patients then being crossed
over to sirukumab 100 mg every other week. The primary
end point was an ACR50 response at week 12, which was
achieved only with sirukumab 100 mg biweekly (26.7 ver-

sus 3.3 % with placebo; p=0.026). The incidence of TEAEs
was similar among the sirukumab and placebo groups.
AEs and changes in laboratory values were consistent
with previous reports of drugs of this class [26].

A dose-finding phase IIb study using clazakizumab,
a humanized anti-IL-6 mAb, for RA patients has also
been reported [27]. At day 1 and week 8, patients on a
stable dose of MTX received clazakizumab (80, 160, and
320 mg) or placebo. The proportion of patients reaching
an ACR20 response was significantly higher in patients
receiving clazakizumab than placebo (27 %): 80 mg: 81 %,
p<0.0001 versus placebo; 160 mg: 71 %, p<0.001 versus
placebo; 320 mg: 82 %, p<0.0001 versus placebo. Treat-
ment with clazakizumab was associated with elevated
liver enzymes and serum cholesterol, and no serious
infections were reported [27].

Tocilizumab in other chronic inflammatory
diseases

Tocilizumab in ankylosing spondylitis

Ankylosing spondylitis (AS) is a chronic inflammatory dis-
order primarily affecting younger male individuals (<45
years) and is characterized by inflammation in the sac-
roiliacal joints and the spine, and also affects peripheral
joints and entheses. Extraskeletal manifestations include
eyes and the GIT. Biological therapies (TNF inhibitors)
have revolutionized the treatment of this disease. Simi-
lar to TNE IL-6 has been demonstrated to be elevated in
patients with AS, and the levels of IL-6 have been demon-
strated to correlate with disease activity [28-30]. In addi-
tion, treatment of patients with AS with anti-TNF therapies
reduces the levels of IL-6. However, in an experimental
model of peripheral arthritis and sacroiliitis, the TNFtg
mouse model, IL-6 deficiency did not prevent sacroiliac
joint inflammation and destruction [31]. In line with
these findings, Sieper et al. [32] reported the results of the
Builder 1 and the Builder 2 trial, where the efficacy and
safety of TCZ (8 mg/kg of body weight) in patients with
AS were analyzed. Both studies were multicenter double-
blind, randomized, and placebo-controlled and enrolled
patients fulfilling the modified New York criteria for AS
who had active disease as assessed by the Bath Ankylos-
ing Spondylitis Disease Activity Index (BASDAI) >4. In
Builder 1, patients were recruited who were responding
inadequately or were intolerant to >1 current or previ-
ous NSAIDs, but were TNFi naive, whereas in Builder 2,
patients had to have responded inadequately to =1 TNFi
agent(s) administered for >3 months and had to have ele-
vated CRP levels (>0.3 mg/dl).

At week 12, there was no difference between placebo
and TCZ, as similar proportions of patients reached an
ASAS 20response (37.3 and 27.5 %, respectively; p=0.2823)
or ASAS 40 response (11.8 and 19.6 %; p=0.2694). The trial
was stopped prematurely on account of these results, so no
patients were recruited into the Builder 2 study. Therefore,
no data are available for the role of TCZ in TNFi nonre-
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sponders. Also, the analysis of peripheral arthritis did not
reveal differences between the treatment and the placebo
group. AEs were similar between the two treatment arms,
and there were no opportunistic infections, serious infec-
tions, AEs leading to study withdrawal or deaths reported.
There was, however, a reduction in CRP levels in patients
treated with TCZ, which was in accordance with the idea
that IL-6 is important in the APR, indicating sufficient IL-6
receptor blockade in this trial. Therefore, TCZ is not an
effective treatment for patients with AS.

Tocilizumab in psoriatic arthritis

In contrast to RA, where TCZ has been studied exten-
sively, data concerning the use of this drug in psoriatic
arthritis are limited to case reports, and the reported
results were mixed [33, 34].

Tocilizumab in SLE

Systemic lupus erythematosus (SLE) is a prototypic auto-
immune disease characterized by autoantibody produc-
tion, complement activation, and leukocyte infiltration
in target organs such as the skin, kidney, lung, joints,
and others. B cells are considered one of the major cell
types involved in the pathogenesis of this disease. Ani-
mal studies have suggested an important role of IL-6 in
lupus-like diseases, and the important role of this cyto-
kine in regulating B cells has long been recognized, high-
lighted by the fact that one of the older names for IL-6
was B-cell stimulating factor [35-39]. Lupus patients
display elevated serum levels of IL-6, and some studies
demonstrated a correlation of IL-6 serum levels with dis-
ease activity [38, 39]. Despite the clear rationale for a role
of IL-6 in the pathogenesis of also human SLE, data of
randomized controlled trials are missing. However, there
has been a report on a phase I open-label study by Illei
et al. [40] at the NIH. In this study, 16 patients fulfilling
the American College of Rheumatology classification
criteria for SLE were enrolled. Inclusion criteria were
somewhat complicated, but overall included patients
with moderately active SLE according to the Systemic
Lupus Erythematosus Disease Activity Index (SLEDAI).
As one of the anticipated effects of IL-6 receptor blockade
in SLE was an effect on either the acute-phase reaction
or the production of autoantibodies, the presence of at
least one of the following serological markers had to be
present: serum anti-dsDNA antibody level >30 IU, anti-
cardiolipin antibody level >20 IgG phospholipid units/
ml, a CRP level of >0.8 mg/dl, or an ESR >25 mm/h in
men and >42 mm/h in women. There was a significant
decrease in anti-dsDNA antibodies, whereas there was
no change in anti-SSA, anti-SSB, or anticardiolipin anti-
bodies. In addition, plasma cell counts were also reduced
significantly, while overall T and B lymphocyte counts
remained stable. As expected, ESR and fibrinogen lev-
els dropped significantly after treatment with TCZ. The

authors also noted a decrease in complement levels after
treatment. As complement is an acute-phase reactant,
and is also used to monitor serological activity in SLE
(low complement indicating complement consumption,
which indicates active disease), the authors measured
complement activation products in those patients. They
found decreased levels of complement activation prod-
ucts, which led to the conclusion that TCZ most likely
decreased complement production due to its inhibitory
effects on the acute-phase reaction.

Analyzing the efficacy of TCZ in this small open-label
trial, the authors showed a reduction in various disease
activity scores. Subanalysis revealed an effect on arthri-
tis in SLE patients, with the mean number of swollen
joints improving from 7.7 at baseline to 1.1 at the end of
the treatment. In five patients with renal disease at base-
line, there was no change in the mean level of protein-
uria. With regard to side effects, infections were the most
common, with approximately 60 % of the patients expe-
riencing at least one infection during the study period,
which was higher than expected. However, most of the
infections were mild and required no treatment. To fully
be able to estimate the risk of AEs of TCZ in patients with
SLE, larger studies are necessary.

Tocilizumab in Castleman disease

Castleman disease (also known as giant or angiofollicular
lymph node hyperplasia, lymphoid hamartoma, angio-
follicular lymph node hyperplasia) is a very rare disorder
with lymphoproliferative features. It occurs in a unicen-
tric and a multicentric form. Whereas in the unicentric
form only one location in the body is affected, and surgery
is the best option for curative treatment, the multicentric
form requires systemic therapy. The disease is character-
ized by systemic symptoms such as fever, fatigue, sple-
nomegaly, hepatomegaly, skin rash, and severe growth
retardation. Abnormal laboratory findings include ane-
mia, hypergammaglobulinemia, and increased levels of
acute-phase proteins. Increased production of IL-6 by the
affected lymph nodes is thought to be responsible for the
systemic manifestations of the disease. Due to the rarity
of the condition, no controlled trials of IL-6 blockade in
this disease are available, but there are a number of small
series and case studies reporting successful treatment
and induction of remission with TCZ [41, 42].

Tocilizumab in JIA

TCZ has also been successfully used in the treatment of
systemic juvenile idiopathic arthritis (JIA), which is the
most severe form of JIA. In this disease of children and
adolescents, chronic arthritis is accompanied by sys-
temic manifestations such as fever, hepatosplenomegaly,
lymphadenopathy, serositis, and substantially elevated
markers of systemic inflammation. The concentrations
of IL-6 in serum have been shown to reflect the extent
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and severity of not only joint involvement but also fever
patterns and platelet counts [43]. Children and adoles-
cents 2-19 years of age with disease onset before their
16th birthday were included if they met the International
League of Associations for Rheumatology classification
criteria for systemic-onset JIA. They had to have active
disease, defined by an increase in CRP concentrations
(CRP=15 mg/l) and an inadequate response to corti-
costeroids (at >0.2 mg/kg prednisolone equivalent) for
longer than 3 months. Conventional DMARDs had to be
stopped 2 weeks and biological DMARDs 12 weeks before
the first administration of TCZ. The trial consisted of
two phases, the first being an open-label lead-in phase,
where all the patients enrolled received TCZ (8 mg/kg).
All patients responding favorably to therapy as measured
by an ACR Pedi 30 went on to a second double-blinded
phase. In this second phase, 20 patients continued treat-
ment, and 23 were allocated to receive placebo. A total
of 80% of the patients receiving TCZ showed main-
tained or improved response, whereas only 17% of the
placebo-treated patients did. Laboratory indicators of
acute-phase reactants changed rapidly after the first infu-
sion of TCZ. White-blood-cell, neutrophil, and platelet
counts also decreased in patients receiving treatment. In
addition, body temperature returned to normal and the
median hemoglobin concentrations increased. AEs con-
sisted mainly of mild to moderate infections and infusion
reactions.

Another study analyzing the efficacy of TCZ in systemic
JIA used a randomized, double-blind, placebo-controlled
design and included 112 patients aged 2-17 years with
an inadequate response to NSAIDs and glucocorticoids.
A significantly higher proportion of patients in the TCZ
group than in the placebo group had a JIA ACR70 response
(71 versus 8%), or even a JIA ACR90 response (37 versus
5%). In addition, also the systemic symptoms (fever and
rash) and laboratory abnormalities (anemia, thrombocy-
tosis) significantly improved after treatment with TCZ.

Tocilizumab in large-vessel vasculitis

IL-6 has been shown to be expressed in the inflamed
arteries of patients with giant cell arteritis (GCA) and
Takayasu arteritis (TA) [44], and serum IL-6 levels have
been found to be raised and to correlate with disease
activity in these patients [45]. Recently, TCZ has also
been reported to improve large-vessel vasculitides such
as giant cell arteritis and Takayasu arteritis [46-48].
Although there are only case reports yet, the clinical data
look encouraging. Patients treated with TCZ had a multi-
tude of prior treatments and required continuously high
doses of glucocorticoids. After receiving TCZ, almost all
patients achieved clinical remission, and steroids could
be reduced significantly. That said, randomized con-
trolled trials are needed to confirm the positive effect of
anti-IL-6 therapy in these diseases.

Tocilizumab in adult-onset Still’s disease

Adult-onset Still’s disease is a systemic autoinflamma-
tory disease characterized by fever, joint involvement,
and rashes of a distinctive salmon-like color. In addi-
tion, various other systemic symptoms can occur, such
as serositis, lymphadenitis, and fatigue, among others.
The treatment of this rare disease is limited to steroids
and IL-1-blocking agents. Successful open-label treat-
ments with TCZ of patients suffering from this disease
refractory to standard treatment have been reported;
however, controlled trials have not been performed yet
[49].

In summary, evidence from numerous clinical trials
shows that IL-6 blocking plays an important role in the
treatment of RA, with a safety profile similar to other
biological DMARDs. Excellent clinical data also exist
for JIA, leading to the approval of TCZ for this disease
in Europe and the USA. In addition, Castleman disease
can be treated successfully with this drug. No effect has
been demonstrated for TCZ in AS. For some systemic
rheumatologic diseases such as SLE, large-vessel vas-
culitides, adult-onset Still’s disease, or psoriatic arthri-
tis, available data do not allow to draw conclusions yet.
However, some encouraging open-label treatments
might lead to the development of controlled clinical
trials.
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