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Abstract Adult-onset Still’s disease (AOSD) is a chronic
inflammatory disease of unknown etiology which commonly
affects young adults. Treatment of AOSD patients includes
nonsteroidal anti-inflammatory drugs, corticosteroids, and
DMARDs. Interleukin (IL)-6 blockade is an attractive thera-
peutic option for AOSD because this cytokine contributes to
the pathogenesis of major AOSD symptoms. Tocilizumab
(TCZ) is a humanized anti-IL-6 receptor antibody that blocks
the effects of IL-6. Preliminary results of TCZ in AOSD have
been promising. Here, we reported our experience evaluating
both the safety and the efficacy of 12 months therapy with
TCZ in 11 patients with AOSD refractory to corticosteroids
and MTX therapy, followed for 18 months, including the first
12 months of active treatment and the last 6 months to eval-
uate the activity of the disease when the treatment was
discontinued. The main outcome measures were the European
League Against Rheumatism (EULAR) improvement criteria
and improvement of systemic symptoms at the 3, 6, 12, and
18-months follow-up periods. Our patients rapidly responded
and experienced a sustained clinical remission over time dur-
ing active treatment. Disease Activity Score 28 decreased
from 5.62 (3.75–8.28) [median (range)] at baseline to
1.61(0.49–3.5) at month 12. EULAR remission was achieved
in 81.82% at 12months. Tender joint and swollen joint counts
displayed a progressive reduction during active therapy study
period. During treatment, we observed a resolution of fever in
our AOSD patient. In conclusion, TCZ might represent a
suitable option for the therapy of refractory AOSD patients.
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Introduction

Adult-onset Still’s disease (AOSD) is an inflammatory disease
of unknown etiology which commonly affects young adults
[1]. AOSD is a rare condition, interesting at all ages, and its
expression and progression are highly variable [2]. Usually, it
is characterized by high spiking fever, arthritis, and an eva-
nescent, macular, and salmon-colored rash, appearing on the
trunk and the extremities. Although some patients have a
unique flare without any recurrence, most of the patients
experience several episodes which progress to a chronic form
[3, 4].

Two chronic forms are described in literature: a systemic
form with fever, asthenia, and other general symptoms, and an
arthritic form with polyarthritis which could be erosive in up
to 50 % of patients [1–4].

AOSD pathogenesis is still poorly understood and
controversial.

The immunological signature represents a key feature in
AOSD pathogenesis. High levels of pro-inflammatory cyto-
kines such as interleukin-1 (IL-1), IL-6, IL-18, tumor necrosis
factor-α (TNF-α), and interferon-γ were found to be signifi-
cantly increased in patients with active AOSD when com-
pared to normal subjects [5]. It might be the result of a global
reactive syndrome with activation of macrophage, natural
killer cells, and B lymphocytes leading to a predominant
cell-mediated immune response [5]. A predominance of Th1
cytokines was described in the peripheral blood and tissues of
patients with active untreated AOSD.

To date, no specific laboratory tests are available for
AOSD. Clinical diagnosis could be performed excluding
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important mimickers such as infections, malignancies, and
others systemic autoimmune disorders.

The most widely accepted diagnostic criteria have been
presented by Yamaguchi and colleagues including major and
minor criteria [6]. More recently, Fautrel and colleagues pro-
posed classification criteria that include diagnostic markers
such as serum ferritin and glycosylated ferritin [7].

Treatment of AOSD patients is largely empiric and based
on the results of case reports or small case series due to rarity
of this disease. It includes nonsteroidal anti-inflammatory
drugs, corticosteroids, and disease-modifying antirheumatic
drugs (DMARDs) such as methotrexate (MTX) for severe
and potentially disabling manifestations [8].

In this setting, commercially available biologic agents for
rheumatoid arthritis (RA) have been employed in AOSD with
variable success [9]. Recently, small series and retrospective
studies have shown improvement in some patients with
AOSD following biologic therapy with TNF-α antagonists
[10, 11] or anakinra, an antagonist of IL-1 [12, 13]. Neverthe-
less, efficacy of these biologic agents is inconstant and severe
side effects have also been reported [9–13].

IL-6 blockade might be an attractive therapeutic option for
AOSD because this cytokine contributes to the pathogenesis
of major AOSD symptoms including fever, leukocytosis,
acute-phase protein production and bone resorption [14].
Tocilizumab (TCZ) is a humanized anti-IL-6 receptor anti-
body that recognizes both the membrane-bound and the solu-
ble form of IL-6 receptor and specifically blocks IL-6 medi-
ated pathways. The results obtained in short series with lim-
ited follow-up have been already published [14–19].

Furthermore, growing evidences described the efficacy and
safety of TCZ in children with systemic juvenile idiopathic
arthritis (SJIA), which is considered to share many common
pathogenetic pathways with AOSD. SJIA is characterized by
chronic arthritis and systemic manifestations such as spiking
fever, rash, hepatosplenomegaly, lymphadenopathy, serositis,
and elevated inflammatory markers [20]. IL-6 levels are par-
ticularly higher in this juvenile disorder correlating with dis-
ease activity. Thus, IL-6 is a rational target for the treatment of
SJIA and TCZ is approved since 2008 in Japan and 2011 by
the US Food and Drug Administration and European Medi-
cine Agency for kids with SJIA [21, 22].

In this work, we reported our experience concerning both
the safety and the efficacy of the therapy with TCZ in patients
with AOSD refractory to corticosteroids and MTX.

Patients and methods

Eleven consecutive patients with AOSD referring to the Rheu-
matology Clinic at University of L’Aquila between January
2009 and January 2012 were treated with TCZ. The treatment
was approved by the local ethics committee, and written

informed consent was obtained from all patients according
to the Declaration of Helsinki. All patients fulfilled the criteria
proposed by Yamaguchi for AOSD [14]. All patients
underwent chest X-ray and serological analyses to exclude B
and C viral hepatitis, latent TBC, and/or other severe infec-
tious diseases prior the biological treatment.

Patients showingmore than six tender and/or swollen joints
and/or systemic involvement such as fever and/or loss of body
weight more than 10 % in the last 3 months and/or inflamma-
tory anemia not responding to conventional therapies for
3 months or evidence of drug toxicity received TCZ (8 mg/
kg every 4 weeks) for 12 months and successively underwent
to 6 months of follow-up after discontinuation of the treat-
ment. Due to the lack of validated measures for joint involve-
ment in AOSD, we assessed the joint involvement of our
patients by Disease Activity Score 28 and EULAR improve-
ment criteria [23], as reported in other series [10, 11, 19]. Pain
was evaluated using a 100-mm visual analogue scale. The
number of active joints was defined by the presence of swell-
ing or restriction ofmotion accompanied by pain or tenderness
or both. Clinical records were collected at the baseline and at
3, 6, and 12 months of active treatment and at 18 months [26].

The improvement of systemic symptoms was considered
the primary outcome in our cohort. In this regard, the presence
or absence of fever and patient global health using a 100-mm
visual analogue scale (VAS) were evaluated.

Furthermore, routine laboratory tests including erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), ferritin
serum levels, and hemoglobin were reported. These values
were used as surrogate markers of IL-6 function to assess the
response to the treatment. Adverse events were recorded in a
specific form.

After 12 months of active treatment, patients discontinued
biologic treatment and they were followed up to the next
6 months to evaluate the activity of the disease.

Statistical analysis was performed with GraphPad 5.0 soft-
ware. Our results are expressed as median (range). One way
repeated measures ANOVA and Bonferroni multiple compar-
ison post hoc test were calculated. P values less than 0.05
were considered significant.

Results

Patients’ clinical characteristics are summarized in Table 1.
All enrolled patients assumed prednisone and eight out of 11
patients assumed MTX. At radiological examination, seven
patients (four in combination therapy and three with predni-
sone alone) showed joint erosions.

In all patients, TCZ was administrated at 8 mg/kg every
4 weeks. Eight patients were treated in combination with
MTX plus prednisone, and three patients received TCZ plus
prednisone without MTX. These later discontinued MTX
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because of severe hypertransaminasemia and megaloblastic
anemia. The median dosage of MTX remains stable during all
period study 15 (0–25). Patients’ therapies are reported in
Table 2. All patients successfully completed the treatment
and the follow-up period until the 18 months.

Median Disease Activity Score in 28 joints (DAS28) de-
creased from 5.62 (3.75–8.28) at baseline to 2.31 (1.25–6.28)
at month 3, 1.88 (0.63–3.57) at month 6, and 1.61 (0.49–3.5)
at month 12 (Fig. 1). EULAR remission (DAS28 <2.6) was
achieved in 45.45 % (five out of 11) at 3 months. EULAR
remission was reached in 63.63 % (seven out of 11) at
6 months and 81.82 % (9 out of 11) at 12 months. A good
EULAR response (DAS28 <3.2) was achieved by other pa-
tient during 12 months of active treatment.

Tender joint and swollen joint count displayed a progres-
sive reduction during active therapy study period (Fig. 1). A
statistically significant improvement of joint assessment was
observed after 6 and 12 months of treatment when compared
to baseline (p <0.05 for any comparison).

Eight patients had fever at the beginning of biologic treat-
ments. Remission of fever and improvement of systemic
symptoms including skin involvement were observed in all
patients during the study period. Furthermore, the results of
median patient VAS global health were 75 (80–50)mm at
baseline, 35 (0–70)mm at 3 months, 20 (10–60)mm at
6 months, and finally, 0 (0–30)mm at 12 months. The im-
provement in patient VAS global health values was statistical-
ly significant (p <0.005) for any comparison between baseline
and each time point during active treatment (Fig. 1).

Prednisone dosage was progressively tapered according to
clinician judgment during scheduled visits. The median dos-
age was 50 (25–100)mg/day at baseline, 12.5 (12.5–25)mg/
day at month 3, 6.25 (5–12.5)mg/day at month 6, and 0 (0–
12.5)mg/day at month 12 (Table 2) showing an higher
corticosteroid-sparing activity of TCZ; in fact, after 12months,
eight out of 11 patients (72.72 %) discontinued corticosteroid
therapy.

The ESR, CRP, ferritin, and hemoglobin values of patients
in our cohort are summarized in Table 3.

Concerning TCZ safety profile in AOSD, no severe ad-
verse events including death was observed. Only minor ad-
verse events were observed. Specifically, one patient devel-
oped upper respiratory tract infection needing antibiotic ther-
apy and two patients reported injection-site reaction after one
infusion of TCZ. In addition, no significant cytopenias were
observed throughout the study.

The analysis of clinical conditions after discontinuation of
biological therapy at month 18 showed that eight out of 11

Table 1 Clinical characteristics of the 11patients with adult-onset Still’s
disease treated with tocilizumab

Women (Man) 6 (5)

Age, mean (range) years 46.45 (28; 73)

Disease, duration, mean(range) years 6.1 (1; 12)

Chronic arthritis (%) 11 (100)

Radiologic damage (%) 7 (63.64)

Fever (%) 11 (100)

Recurrent systemic flare (%) 8 (72.72)

Lymphadenopathy (%) 7 (63.64)

Sore throat (%) 6 (54.54)

Hepatosplenomegaly (%) 6 (54.54)

Serositis (%) 3 (27.27)

NSAIDS ever used (%) 11 (100)

Methotrexate ever used (%) 11 (100)

Methotrexate ongoing (%) 8 (72.72)

Long-term corticosteroid therapy 11 (100)

Table 2 Methotrexate and corti-
costeroid therapies of the 11pa-
tients with adult-onset Still’s dis-
ease treated with tocilizumab

aUntreated patients due to history
of methorexate related adverse
event

Methotrexate, mg/weekly Systematic corticosteroids, mg/daily

Months of therapy before TCZ Dosage Months of therapy
before TCZ

t0 t1 t2 t3 t4

Patient 1 4 0a 12 75 12.5 12.5 6.25 25

Patient 2 6 25 8 100 12.5 6.25 0 0

Patient 3 9 15 12 25 12.5 5 0 0

Patient 4 5 0a 24 50 25 12.5 12.5 50

Patient 5 6 12.5 36 25 12.5 5 0 0

Patient 6 12 20 8 25 12.5 5 0 0

Patient 7 8 20 11 50 12.5 5 0 0

Patient 8 8 0a 18 25 25 12.5 5 37.5

Patient 9 16 17.5 15 50 12.5 6.25 0 0

Patient 10 12 10 18 25 12.5 6.25 0 0

Patient 11 12 17.5 20 50 12.5 6.25 0 0
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patients (72.72 %) were still maintaining clinical remission,
and all these patients were still receiving onlyMTX. The three
patients that experienced a flare, showing both systemic and
joints symptoms, needed an increasing dose of corticosteroids,
and interestingly, they were not assuming MTX for previous
intolerance. These patients reported an increase number of
tender and swollen joint, the onset of systemic symptoms,
and a worsening of patient VAS global health. Furthermore,

laboratory tests showed higher serum concentrations of ESR,
CRP, and ferritin.

Discussion

Growing evidences on the role of IL-6 in AOSD pathogenesis
provide the basis for TCZ therapy in this disease.

Fig. 1 Clinical activity scores at
baseline, at 3, 6, 12 months of
treatment with tocilizumab
therapy, and after 6 months of
follow-up (18 months) in adult
Still’s disease patients. a Disease
Activity Score in 28 joints
(DAS28), b tender joints (Tj)
number, c swollen joints (Sj)
number, d visual analogue scale
(VAS) of patient global health
expressed as millimeters (mm).
*p <0.05; **p <0.01;
***p <0.001

Table 3 Laboratory parameters of 11 patients with adult-onset Still’s disease treated with tocilizumab

ESR CRP Ferritin Hemoglobin

t0 t1 t2 t3 t4 t0 t1 t2 t3 t4 t0 t1 t2 t3 t4 t0 t1 t2 t3 t4

Patient1 9 2 2 2 32 12.2 1.25 2.1 0.9 17.9 335 120 25 36 736 15 14.5 15.4 15 10.2

Patient2 16 5 2 2 8 12.4 0.5 1.16 0.2 0.2 1500 168 10 40 42 12.2 14.7 13.5 16.1 15.8

Patient3 30 13 2 10 10 1.9 1.56 2.12 1.2 1.2 1200 230 69 50 48 10.8 13.4 13.3 14 13.9

Patient4 83 36 20 36 26 10 3.87 35 5.8 25.8 400 52 87 31 831 9.3 14.2 14.4 14.6 10.6

Patient5 51 12 8 3 3 32.5 0.8 1.8 0.56 0.56 500 89 50 87 52 8.7 13.8 15.6 13.9 14.1

Patient6 52 18 16 11 10 25 3 19.7 2.34 2.12 500 100 40 64 74 12.4 14.7 13.8 12.8 13.2

Patient7 58 6 5 8 5 47.7 0.65 1.2 1.3 1.1 664 23 25 25 15 8.9 13.1 12.9 14.2 12.9

Patient8 64 23 10 15 35 27.9 7.8 3.56 2.9 22.9 300 145 90 12 512 9.7 12.9 13.8 12.5 13.2

Patient9 42 20 15 10 2 15.9 4.25 4.8 3.54 2.5 854 65 30 50 20 11.3 13.3 14.8 14 14.6

Patient10 36 11 10 11 9 12.5 2.98 2.8 2.12 1.12 756 50 25 36 46 10.3 15.2 14.8 15.5 15.8

Patient11 45 14 12 5 2 10.2 5 0.9 0.51 0.1 400 215 68 43 25 12.5 16.8 16 13.6 15

Laboratory tests at baseline (t0), 3 (t1), 6 (t2), and 12 (t3) months of treatment with tocilizumab therapy and after 6 months (t4) of follow-up. Erythrocyte
sedimentation rate (ESR) is expressed as millimeter/hour (mm/h); C-reactive protein serum levels is expressed as milligram/liter (mg/1); ferritin serum
levels is expressed as nanogram/milliliter (ng/ml); and hemoglobin is expressed as gram/deciliter (g/dl)
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In agreement with previous data [14–19], we observed a
dramatic improvement of all disease-related clinical and sero-
logical findings after TCZ therapy in the totality of AOSD
patients which were refractory to combination therapy with
MTX and prednisone.

In particular, we observed a decrease of swollen and tender
joint counts as well as of DAS28 after TCZ treatment. Fur-
thermore, such improvement was rapid and sustained until
12 months. In addition, disease remission according to
EULAR criteria was achieved in 81.82 % of our patients.

Of note, our work was planned to evaluate the TCZ as first
line therapy in patients resistant at conventional combination
therapy with corticosteroid plus MTX. In fact, several studies
has been recently published exploring the possibility to treat
AOSD by biologics after the failure of TNF-α blockers or
anakinra and employing TCZ as rescue therapy [19, 24]. The
different selection of patients among published papers could
explain the differences in the results obtained in our study
when compared to other published trials. Probably, our pa-
tients could be considered less severe than patients enrolled
after many biologic therapies, but, in our opinion, this is not a
limit of our study but an important tool because of the large
amount of patients reaching remission Achieving and
maintaining remission are presently considered the most im-
portant goal in many rheumatic diseases, and as we showed in
this short but homogeneous population, this target may be
reached in a large percentage of patients when electively
treated by TCZ.

Interestingly, our data are in agreement with results raised
from clinical trials performed in patients with RA [25]. In
addition, a randomized placebo-controlled trial demonstrated
the efficacy and safety of TCZ in children with SJIA. In this
study, children with SJIA refractory to conventional treatment
were treated with TCZ achieving and maintaining clinical and
laboratory remission [21] as observed in our patients.

Taking into account the lack of validated radiological
scores for AOSD joint involvement, we did not perform any
radiological examination during the study period. However,
we could speculate as reported in clinical trial for RA or SJIA
that TCZ therapy in AOSD might inhibit progression of joint
radiological damage [25, 26].

Furthermore, we observed a reduction of patient VAS
global health that might be related in our experimental group
to the resolution of systemic symptoms, including fever and
skin eruption which was sustained during the entire study
period and probably leading to a significant improvement of
health-related quality of life. Our results concerning systemic
involvement are in agreement with previous studies involving
TCZ-treated RA patients [27]. TCZ [34], ESR, CRP, and
ferritin values were reduced by TCZ treatment at month 3
and such decrease remained stable during the study period.
The decrease of the inflammatory markers paralleled to clin-
ical improvement. It is well known that anemia due to chronic

inflammation, neutrophilic leukocytosis, and reactive
thrombocytosis are commonly observed during active AOSD
[4]. These abnormalities were also documented in our cohort
of patients, and TCZ treatment led to a progressive normali-
zation of all parameters. Serum ferritin level correlates with
AOSD disease activity, and disease remission is associated to
its normalization [28–30]. In our cohort of AOSD patients, we
found a strong correlation between ferritin serum values and
activity of the disease with a progressive and sustained reduc-
tion of these levels until normalization. Furthermore, we ob-
served a significant improvement of hemoglobin levels in our
patients. It is well known that the effect of TCZ in increasing
the hemoglobin in patients with higher levels of inflammatory
cytokines, mainly IL-6, via the inhibition of hepcidin pathway,
and this increase could be related with the improvement is
some systemic symptom such as fatigue and adynamia [31].

Corticosteroid long-term therapy is a cornerstone in AOSD
treatment [4]. However, it is well known that corticosteroids
are weighted by several deleterious side effects such as hyper-
glycemia, glaucoma, and systemic hypertension. To note, the
higher the initial dose, the higher the risk to develop such
effects [32]. We found a statistically significant reduction of
corticosteroid daily intake from baseline to 12 months,
confirming that TCZ displays a strong and very effective
corticosteroid-sparing effect. It must be pointed out that at
month 12 72.72 % of our patients discontinued corticosteroid
therapy, maintaining a good clinical response. This result mir-
rors what observed in previous studies reporting that cortico-
steroid treatment was successfully tapered and discontinued in
AOSD patients treated with TCZ [33, 35].

Our study suggests that TCZ might be considered as a
helpful therapeutic option in those patients needing a long-
term therapy with corticosteroid in order to reach a good
clinical response.

In a recent study enrolling 112 children aged 2 to 17 years,
with active and persistent SJIA, TCZ was reported to be
effective in reducing signs and symptoms of disease. At week
52, a large percentage of the patients who received TCZ had
no fever and no joints with active arthritis and had
discontinued oral glucocorticoids [36]. As far as RA patients
receiving a combination therapy of TCZ and DMARDs are
concerned, it has been demonstrated that TCZ monotherapy
displays a similar efficacy profile [37].

Concerning the safety issue in our study, no severe side
events including death were observed during the study period.
Only few minor adverse events, one episode of upper respi-
ratory tract infection and infusion site reaction, were reported
during our study period. Such findings mirror the results
arising from clinical trials involving RA patients in which a
generally good safety profile of TCZ has been demonstrated
[31]. However, the follow-up duration of the present study do
not allow any speculation on long-term safety profile in
AOSD patients. Again, the different therapeutic background
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of our patients could explain the better safety profile of our
study.

The analysis of clinical conditions at 6 months after dis-
continuation of biological therapy showed that 72.72 % were
still maintaining the clinical remission. These data in our
patients mirror those observed in SJIA patients treated with
TCZ in which after the discontinuation of therapy only a small
percentage of children experimented a flare of the disease
[21].

It remains unclear how long TCZ should be adminis-
tered. The lack of published guidelines concerning treat-
ment with biologics for AOSD [38] and how long to treat
patients in other rheumatic diseases such as RA and
spondyloarthropathies lead us to discontinued therapy after
reaching a persistent remission. AOSD is a chronic disease
with long course and late relapses, and on this basis, we
have chosen to avoid the risk of a long period of exposition
to a strong immunosuppressive therapy in our patients. In
this setting, some authors suggest that the decrease of
serum IL-6 during TCZ treatment might indicate disease
remission and might be a guide for discontinuation [14]. In
this regard, ESR, CRP, and ferritin serum levels could be
measured to assess the disease response as a surrogate
marker of IL-6 function.

In conclusion, our study demonstrated that blocking IL-6
with TCZ could be a therapeutic option for AOSD patients in
which overproduction of IL-6 plays a pathological role. Al-
though we cannot draw certain conclusions due to the limited
number of cases, our results demonstrated the potential ther-
apeutic effect of this treatment. Future clinical studies inves-
tigating the safety and the efficacy will elucidate the clinical
benefits of IL-6 blockade for AOSD patients.
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