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Abstract

Objective Adult-onset Still’s disease (AOSD) is a systemic inflammatory disorder with clinical heterogeneity. Although tocilizumab
(TCZ), an interleukin (IL)-6 receptor inhibitor, is an effective treatment for AOSD, the evidence regarding its efficacy on systemic
or articular subtypes is conflicting. Furthermore, the predictors of therapeutic response are still elusive and worthy of exploration.
Methods This two-center retrospective study analyzed the effectiveness and safety profile of TCZ treatment in 28 patients with refrac-
tory AOSD. The 28-joint disease activity score (DAS28) and systemic activity score were assessed before and during TCZ treatment
period at weeks 12, 24, 36, and 48. Plasma levels of proinflammatory cytokines at baseline were determined using ELISA method.
Results Among the systemic subtype patients, 10 (58.8%), 13 (76.5%), 14 (82.4%), and 15 (88.2%) patients achieved com-
plete remission at week 12, 24, 36, and 48, respectively, in comparison to 2 (22.2%), 5 (55.6%), 6 (66.7%), and 7 (77.8%)
who achieved disease remission (DAS28 <2.6) at weeks 12, 24, 36, and 48, respectively, among articular subtype patients.
The systemic activity scores and inflammatory parameters were significantly decreased after 12-week TCZ therapy, and TCZ
could significantly reduce corticosteroid dose in AOSD patients. Multivariate analysis reveals that baseline IL-18 level is a
significant predictor of poor therapeutic response at week 24 (odds ratio 7.86, p <0.05).

Conclusion AOSD patients refractory to high-dose corticosteroids and methotrexate may respond well to TCZ treatment with
a steroid-sparing effect and an acceptable safety. A high baseline IL-18 level may be a predictor of poor therapeutic response.

Key Points

o Tocilizumab may be effective and well-tolerated in refractory
AOSD patients regardless of disease subtypes.

e High plasma levels of IL-18 may predict poor response to tocili-
zumab in AOSD patients.
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Introduction

Adult-onset Still’s disease (AOSD) is a systemic inflam-
matory disorder characterized by fever, rash, arthralgia
or arthritis, liver dysfunction, lymphadenopathy, variable
multi-systemic involvement, and increased acute phase reac-
tant, with even life-threatening complications such as mac-
rophage activation syndrome (MAS) [1-3]. With the lack
of consensus or guidelines for treating AOSD currently, the
mainstay treatment is corticosteroids and conventional syn-
thetic disease-modifying anti-rheumatic drugs (csDMARDs)
[4], notwithstanding that a significant proportion of patients
had corticosteroid dependence or inadequate therapeutic
response [3, 6].

AOSD is marked by elevated levels of proinflammatory
cytokines including IL-1f, IL-6, IL-8, IL-17A, IL-18, and
tumor necrosis factor (TNF)-a [7—-11]. Increasing evidence
indicates that IL-6 can enhance immune response and
inflammatory reactions, which play a critical role in AOSD
pathogenesis [11-13]. According to previous case reports
and small retrospective case series, tocilizumab (TCZ), a
humanized monoclonal antibody against IL-6 receptor, is
effective and well-tolerated for AOSD patients [14-22]. A
recent meta-analysis also suggests that TCZ is an effective
and steroid-sparing treatment for AOSD [23]. Kaneko et al.
conducted the first double-blind, randomized trial of TCZ
treatment for 27 patients with refractory AOSD, revealing a
significant improvement in the systemic symptoms in spite
that the primary endpoint of the American College of Rheu-
matology (ACR)50 response (reflecting 50% improvement)
was not met at week 4 [24].

The disease course of AOSD may vary considerably
[25, 26] and can be divided into systemic subtype and
chronic articular subtype. Based on cytokine profiles, the
systemic subtype is characterized by high IL-1p and IL-18,
and chronic articular subtype by high IL-8 and TNF-a,
with increased IL-6 in both subtypes [12, 26]. Therefore,
the therapeutic strategy for AOSD patients may be tailored
according to this phenotypic dichotomy [26, 27].

In this study, we aimed to retrospectively assess the
effectiveness and safety of TCZ treatment in refractory
AOSD patients with either systemic or articular sub-
type. The effectiveness was shown in (1) the proportion
of achieving complete remission, the time-course change
in systemic activity scores, and corticosteroid dose dur-
ing TCZ treatment in systemic subtype patients; (2) the
time-course change of inflammatory parameters, including
erythrocyte sedimentation rate (ESR), C-reactive protein
(CRP), ferritin, and neutrophil-lymphocyte ratio (NLR)
during TCZ treatment in systemic subtype patients; and
(3) the proportion of achieving disease remission and the
time-course change of the 28-joint disease activity score
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(DAS28), swollen joint count, tender joint count, and cor-
ticosteroid dose during TCZ treatment in articular subtype
patients. We also analyzed the baseline biomarkers for
predicting the therapeutic response to TCZ.

Materials and methods
Subjects

This two-center retrospective study evaluates the therapeu-
tic outcomes of TCZ, including its effectiveness and safety
in 28 refractory AOSD patients at the China Medical Uni-
versity Hospital and Taichung Veterans General Hospital
between June 2013 and May 2020. Each enrolled patient
fulfilled the Yamaguchi criteria for AOSD [28], and those
with infections, malignancies, or other rheumatic diseases
were excluded. Refractory AOSD was defined as poor
response to at least 8-week therapy with a high dose of
corticosteroids (more than 0.5 mg/kg/day) and methotrex-
ate (MTX) 10-15 mg weekly, with a poor response defined
as the persistence of two or more clinical manifestations
or laboratory abnormalities at enrollment. All patients
received intravenous TCZ therapy at 4-8 mg/kg dose every
4 weeks and concomitant MTX at a stable weekly dose of
10-15 mg. Since IL-1 inhibitors were unavailable in Tai-
wan, none of our AOSD patients received this treatment.
As in previous studies [27], patients were classified into
two disease course subtypes: a systemic subtype, includ-
ing monocyclic and polycyclic forms, and chronic articular
subtype.

The systemic activity was assessed using a modified
Pouchot score described by Rau et al. [29]. This systemic
activity score (range 0—12) assigns one point to each of 12
manifestations: fever, evanescent rash, sore throat, arthral-
gia or arthritis, myalgia, pleuritis, pericarditis, pneumonitis,
lymphadenopathy, hepatomegaly or abnormal liver function,
elevated leukocyte count>15,000/mm?, and serum ferritin
levels > 3000 pg/L. Articular activity in chronic articular
subtype patients was assessed with DAS28 [30]. Systemic
activity score and DAS28 were assessed before TCZ treat-
ment as a baseline and during the TCZ-treated period at
weeks 12, 24, 36, and 48.

Patients’ demographics, medical history, the results of
clinical and laboratory assessments, doses of concomi-
tant corticosteroids, and the csDMARDs used at baseline
and during the follow-up period were reviewed. Plasma
cytokines levels at baseline were determined by the ELISA
kits for IL-1p (RayBiotech Inc., Norcross, GA, USA), IL-6
(PeproTech Inc., Rocky Hill, NJ, USA), IL-17A (RayBio-
tech Inc., Norcross, GA, USA), IL-18 (Medical & Biol-
ogy Laboratories Co, Ltd., Naka-Ku, Nagoya, Japan),
and TNF-a (R&D Systems, Minneapolis, MN, USA)
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according to manufacturer’s instructions. The Institutional
Review Board of both medical centers approved this study
(TCVGH CE20304B, CMUH109-REC1-101), and the
written consent was not needed because this is a retro-
spective analysis.

Determination of inflammatory parameters

Erythrocyte sedimentation rate (ESR) was determined using
the Westergren method. Serum levels of ferritin were deter-
mined by chemiluminescent immunoassay sandwich method
and CRP levels by nephelometry method (Dade Behring Inc.
Newark, USA).

Outcome measurements

The therapeutic response (primary outcome) to TCZ treat-
ment in systemic subtype patients was categorized into
(1) complete remission if all the baseline clinical symp-
toms and laboratory abnormalities had resolved or (2)
poor response if two or more baseline clinical manifesta-
tions or laboratory abnormalities persisted at the time of
assessment during TCZ treatment [20, 27]. Regarding the
therapeutic response to TCZ treatment in articular subtype
patients, disease remission was defined as DAS28 £2.6
and poor response as DAS28 > 3.2 [31]. The secondary
outcomes were the time-course change of corticosteroid
dose and inflammatory parameters, including ESR, CRP,
ferritin, and the NLR, in systemic subtype patients and
swollen joint count plus tender joint count in articular sub-
type patients. The safety of TCZ treatment was reflected in
the occurrence of treatment-related adverse events during
the TCZ-treated period.

Statistical analysis

The results were presented as the mean + standard devia-
tion (SD) or median (interquartile range). The effective-
ness was shown as the changes of the variables in clini-
cal and laboratory assessments performed at baseline and
weeks 12, 24, 36, and 48 of TCZ treatment, using a non-
parametric Wilcoxon signed-rank test. We also constructed
a multivariate regression model to identify the potential
predictive factors for poor therapeutic response to TCZ
treatment. We selected the variables in the multivariate
model based on the statistical significance in the univariate
model and the disease subtype, which reportedly predict
the treatment response to TCZ. The safety analysis was
performed on all patients who received at least one dose
of TCZ. A probability of less than 0.05 (two-sided) was
considered significant.

Results
Baseline characteristics of AOSD patients

Before TCZ treatment, spiking fevers (>39°C), evanescent
rash, arthralgia or arthritis, sore throat, and lymphadenopathy
were noted in 23 (82.1%), 22 (78.6%), 22 (78.6%), 15 (53.6%),
and 14 (50.0%) patients, respectively, at baseline. Nineteen
patients (67.9%) were classified as the systemic subtype and 9
(32.1%) as the articular subtype. A significantly higher propor-
tion of fever, higher systemic activity scores, but lower base-
line plasma TNF-a levels were observed in the systemic sub-
type than those in the articular subtype. However, there were
no significant differences in the demographic data, laboratory
data, or other clinical manifestations between the systemic
subtype and articular subtype patients (Table 1).

The effectiveness of TCZ treatment

and the time-course change of systemic activity
scores and inflammatory parameters in systemic
subtype patients

All the 28 enrolled patients received at least 3 months of TCZ treat-
ment. In the fourth month, TCZ treatment was early terminated
in two systemic subtype patients: one because of poor response
and the other due to the emergence of pulmonary non-tuberculosis
mycobacterial (NTM) infection. The remaining 26 patients (17
systemic subtype and nine articular subtype) were evaluated for
TCZ effectiveness at week 12, week 24, week 36, and week 48.

Among the 17 systemic subtype patients, 10 (58.8%), 13
(76.5%), 14 (82.4%), and 15 (88.2%) patients achieved com-
plete remission when assessed at weeks 12, 24, 36, and 48,
respectively. As shown in Fig. 1a and Table 2, the systemic
subtype patients had significantly decreased systemic activity
scores assessed at week 12 (p <0.005), which were decreased
further after week 12 (p <0.001, compared with baseline
values). Similarly, inflammatory parameters, including ESR,
CRP, and ferritin levels, were also rapidly and significantly
decreased at week 12 (p<0.05, p<0.01, and p <0.005, respec-
tively, Fig. 1b, c, d). Interestingly, the NLR was also signifi-
cantly reduced at week 24 compared with the baseline value
(p<0.001) (Fig. le).

The effectiveness of TCZ treatment

and the time-course change of DAS28, swollen joint
count, and tender joint count in articular subtype
patients

Among the nine articular subtype patients, 2 (22.2%), 5
(55.6%), 6 (66.7%), and 7 (77.8%) achieved disease remis-
sion (DAS28 <2.6) when assessed at weeks 12, 24, 36, and
48, respectively. As illustrated in Fig. 2a—c and Table 2, the
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Table 1 Demographic data and
baseline characteristics of adult-
onset Still’s disease (AOSD)
patients with systemic subtype
or chronic articular subtype
(data presented as mean =+ SD,
median (interquartile range), or
number (%); NA not applicable,
ESR erythrocyte sedimentation
rate, CRP C-reactive protein,
DAS28 disease activity score
for 28-joint assessment, NLR
neutrophil/lymphocyte ratio, IL
interleukin, TNF tumor necrosis
factor)

Characteristics at baseline

Systemic subtype (n=19)

Articular subtype (n=9)

Age at study entry, years
Female proportion, n (%)
Fever, n (%)

Evanescent rash, n (%)
Arthralgia, n (%)

Sore throat, n (%)
Lymphadenopathy, n (%)
Liver dysfunction, n (%)
ESR, mm/1st hour

CRP, mg/dL.

Ferritin levels, pg/L
Systemic activity scores
DAS28

WBC count/mm?
Hemoglobin

Platelet, X 1000/mm’
NLR

IL-1p levels, pg/mL

IL-6 levels, pg/mL
IL-17A levels, pg/mL
IL-18 levels, pg/mL
TNF-a levels, pg/mL
Daily corticosteroid dose, mg
Switch from TNF inhibitors

48.4+13.1
11 (57.9%)

18 (94.7%)*

15 (78.9%)

15 (78.9%)

12 (63.2%)

11 (57.9%)

8 (42.1%)

52 (19-100)
3.5(0.9-11.2)

1417 (525-2905)

6.0 (5.0-7.0)"

NA

16,250 (10,725-20,800)
11.4 (10.0-12.8)

294 (219-345)

10.97 (5.08-22.32)

3.3 (1.2-5.3)

1039.0 (563.1-1237.3)
93.7 (15.8-421.0)
7865.0 (465.0-31,404.7)
133.3 (21.9-204.9)"

35 (30-40)

0 (0.0%)

420+11.8
6 (66.7%)

5(55.6%)

7(77.8%)

7(77.8%)

3(33.3%)

3(33.3%)

2 (22.2%)

52 (23.5-75.5)
5.1(0.9-10.3)

640 (381-1631)

5.0 (4.5-5.5)

6.16 (5.67-6.43)
11,600 (6800—17,400)
11.9 (11.7-12.5)

306 (240-385)

7.84 (4.93-17.82)
3.5(1.3-7.7)

761.1 (106.5-4335.3)
251.5 (123.8-1964.5)
1993.7 (338.5-3573.8)
926.0 (279.9-2290.8)
30 (30-37.5)

4 (44.4%)

Liver dysfunction was defined as alanine aminotransferase levels more than five-fold of upper normal limit

*p<0.05, “p<0.01, vs. articular subtype, as determined by Mann—Whitney U test

articular activity parameters, including DAS28, swollen joint
count, and tender joint count, were significantly decreased at
week 24 (p <0.05, p<0.05, and p <0.01, respectively) and
decreased further after week 24 (all p <0.001, compared
with baseline value).

The time-course change in corticosteroid dose
in patients receiving TCZ treatment

TCZ treatment had a significant corticosteroid-spar-
ing effect. As illustrated in Fig. 1f and Table 2, a sig-
nificant decrease of daily corticosteroid dose at week
24 (p<0.001) and a continuing decrease after week 24
(» <0.001, compared with baseline value) were observed
in systemic subtype patients. Similarly, the daily corti-
costeroid dose was significantly decreased at week 36
(» <0.001) compared with the baseline value in articular
subtype patients (Fig. 2d). Notably, our patients did not
have any disease flare while receiving TCZ treatment with
reduced dosage, or even discontinuation, of corticosteroids
during the follow-up period. Only one patient had a dis-
ease flare 2 months after the discontinuation of both TCZ
and corticosteroid therapy.

@ Springer

Multiple logistic regression analysis to predict
therapeutic response to TCZ

A total of 9 patients were categorized as the poor
responders to TCZ assessed at week 24. A multivariate
regression analysis was performed to evaluate the simul-
taneous effects of demographic data, clinical manifesta-
tions, and baseline proinflammatory cytokines levels on
the therapeutic response to TCZ. As shown in Table 3,
the baseline IL-18 level was identified as a predictor of
poor therapeutic response assessed at week 24 (odds ratio
7.86, 95% confidence interval 1.08-57.23, p <0.05).

The adverse events reported during the TCZ-treated
period

The severity of adverse events was assessed using com-
mon toxicity criteria [32]. During the 48-week follow-
up period, three (10.7%) patients developed infections.
One patient developed pulmonary NTM infection after
2 months of TCZ therapy and needed permanent termina-
tion of TCZ. Another had parvovirus B19 infection with
the emergence of MAS at week 28 but continued TCZ
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treatment after recovering from MAS with IVIG infusion
and cyclosporine treatment. The third patient had a sus-
picious viral infection with MAS development 2 months
after disease remission and then discontinued both TCZ
and corticosteroid (Table 4). One patient had transitory
neutropenia, and another had a mild infusion reaction and
a minimal-degree itching rash. Nevertheless, TCZ treat-
ment did not result in death or malignancies during the
follow-up period.

Discussion

In this two-center observational study, we revealed a high
rate of complete remission (88.2%) in the systemic subtype
and disease remission (up to 77.8%) in the articular subtype

among refractory AOSD patients assessed at week 48 of
TCZ treatment. A meta-analysis similarly observed a 77.9%
pooled complete remission rate [23], a retrospective study
reported an 82.4% response rate [27], and another showed
an 81.8% EULAR remission rate at week 48 of TCZ therapy
[33]. As reported previously, the systemic activity scores
and inflammatory parameters were markedly decreased after
12-week TCZ therapy [20, 21, 24, 34, 35], and the corti-
costeroid dose could be considerably reduced in our AOSD
patients [19-21, 24, 27]. The multivariate analysis reveals
that a high baseline level of IL-18 is a significant predictor
of poor therapeutic response assessed at week 24. Similar
to other studies [15, 19-21, 24, 27, 33], TCZ treatment is
well-tolerated in our refractory AOSD patients. These obser-
vations indicate that TCZ treatment is effective and well-
tolerated in treating refractory AOSD patients.
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Table 2 The effectiveness of tocilizumab therapy assessed at weeks 12, 24, 36, and 48 in patients with adult-onset Still’s disease (n=26)

At baseline At week 12 At week 24 At week 36 At week 48
Median (IQR) Median (IQR) Median (IQR) Median (IQR) Median (IQR)
Systemic (n=17)
Activity scores 6 (5-7) 0 (0-1)™ 0 (0-0.5)"" 0 (0-0)"" 0 (0-0)""
ESR, mm/1st hr 52 (19-100) 10" (3.5-21.5) 6" (2.5-22) 6" (2-16) 87" (3-13)
CRP, mg/dL 3.5 (0.9-11.15) 0.17 (0.03-0.66) 0.09"" (0.02-0.45) 0.05"" (0.01-0.24)  0.04™ (0.02-0.24)
Ferritin, pg/L 1417 (525-2905) 139" (43-264) 120" (63-176) 147" (51-205) 102" (41-226)
NLR 10.97 (5.12-24.96)  3.56 (1.6-6.48) 3.02" (1.72-4.25) 222" (1.37-3.68)  1.66™" (1.39-2.28)
CS dose, mg/d 35.0 (30.0-40.0) 15.0 (10.0-20.0) 7.5 (5.0-12.5) 5.0"" (5.0-5.0) 2.5 (2.5-5.0)
Complete remission (1, %) NA 10 (58.8%) 13 (76.5%) 14 (82.4%) 15 (88.2%)
Articular (n=9)
DAS28 6.16 (5.67-6.43) 3.92 (2.85-4.34) 2.58" (2.02-3.16) 2.19" (1.59-2.8) 1.63"" (1.3-2.36)
Swollen joints 7 (6-8) 3(2-3) 1(1-2)" 1 O0-1)™ 0O-1)""
Tender joints 7 (6.5-11.5) 4 (3-4.5) 2 (1.5-3.5)" 2 (1-2.5)"" 1(1-2)""
CRP, mg/dL 5.06 (0.9-10.25) 0.017(0.01-0.19)  0.017"(0.003-0.08)  0.02" (0.01-0.57) 0.017 (0.01-0.16)
CS dose, mg/d 30.0 (30.0-37.5) 10.0 (8.8-11.3) 7.5 (6.3-10.0) 5.0"" (3.8-6.3) 5.0 (2.5-5)
Remission (1, %) NA 2 (22.2%) 5 (55.6%) 6 (66.7%) 7 (77.8%)

Data presented as median (interquartile range, IQR); NA not applicable, ESR erythrocyte sedimentation rate, CRP C-reactive protein, NLR neu-
trophil/lymphocyte ratio, CS corticosteroids, DAS28 disease activity score for 28-joint assessment

sk

*p <0.05, **p <0.005,

Fig.2 The change in a DAS28
scores, b swollen joint count,
¢ tender joint count, and d
corticosteroid dose in AOSD
patients with articular subtype.
DAS28, the 28-joint disease
activity score. P value was
determined by non-parametric
Wilcoxon signed rank test

Considering the crucial role of IL-6 in AOSD pathogene-
sis [12, 13] and the experiences with TCZ treatment [14-24,
26, 27], we used TCZ to treat 28 AOSD patients who were
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refractory to corticosteroid and MTX treatment. The good
response of systemic features to TCZ treatment, reflected
in significant decreases of systemic activity scores and
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Table?.a Logisti.c regression Baseline variables Univariate model Multivariate model
analysis to predict poor
therapeutic response assessed at OR 95% CI p value OR 95% CI p value
week 24 in 28 AOSD patients
who received tocilizumab Age at entry 1.01 (0.95-1.08) 0.746
(TCZ) therapy Gender 0.73 (0.15-3.65) 0.701
Articular subtype? 2.24 (0.42-11.84)  0.342 14.35 (0.23-904.36)  0.208
Fever 0.66 (0.09-4.84) 0.679
Sore throat 0.29 (0.05-1.55) 0.148
LN 2.75 (0.52-14.44)  0.232
HS 0.49 (0.08-3.04) 0.444
Liver dysfunction 0.86 (0.16-4.55) 0.856
Systemic activity scores 1.54 (0.76-3.13) 0.233
TCZ dose® 1.15 (032-4.13)  0.834
WBC count® 1.01 (0.92-1.11) 0.857
CS dose! 0.84 (0.36-1.94) 0.683
IL-1p levels® 0.83 (0.50-1.36) 0.457
IL-6 levels® 1.06 (0.78-1.45) 0.707
IL-17A levels® 0.74 (0.34-1.61) 0.442
IL-18 levels® 4.43 (1.25-15.64)  0.021" 7.86 (1.08-57.23) 0.042"
TNF-a levels® 0.98 (0.84-1.15) 0.839

AOSD adult-onset Still’s disease, LN lymphadenopathy, HS hepatosplenomegaly, CS corticosteroids, /L
interleukin, TNF-a tumor necrosis factor-o

#Versus systemic subtype
®Per 200 mg/month increase
“Per 1000/mm? increase
dPer 5 mg/d increase

Per quartile increase
“p<0.05

inflammatory parameters at week 12, was consistent with
previous reports showing clinical and laboratory improve-
ment after 3—6 months of TCZ treatment [21, 24, 35]. The
clinical and laboratory parameters further improved after
more than 12 weeks of TCZ treatment in our AOSD patients.
With the NLR serving as a marker of a systemic inflamma-
tory response, Seo et al. demonstrated that the NLR could
help to diagnose and predict relapse in AOSD [36]. Resonat-
ing with the previous findings [37], the NLR in our systemic
subtype patients was significantly decreased after 24-week
TCZ therapy.

Regarding the TCZ effectiveness in the chronic articu-
lar phenotype, 55.6% and 77.8% of our patients achieved
disease remission (DAS28 <2.6) at week 24 and week 48,
respectively, consistent with previous reports that TCZ-
treated patients had a 57% disease remission rate at week
24 [14] and 81.8% EULAR remission rate at week 48 [33].
Similarly, the DAS28 scores, swollen joint count, and tender
joint count assessed at week 24 were significantly decreased.
In agreement with an evidence-based review which showed
that TNF-a inhibitors were less effective in refractory AOSD
treatment, with an overall response rate of 12.6% compared
with 76.1% for IL-6 inhibitors (TCZ) [38], four of our

patients were switched from TNF-a inhibitors due to poor
response. These TNF-a-refractory patients still achieved
disease remission after 48-week TCZ treatment.

Based on the differential pathogenic cytokine profiles,
IL-1 inhibitors could achieve superior response in the sys-
temic subtype, whereas IL-6 inhibitors are more effective
for the articular subtype compared with systemic subtype
[27, 39, 40]. These observations were analogous to rheuma-
toid arthritis patients, who also had a good response to TCZ
treatment. However, Kaneko et al. and Maria et al. revealed
that TCZ might be more effective in treating systemic fea-
tures than chronic arthritis in refractory AOSD patients
[24, 26]. As seen in a previous study that reported different
cytokine profiles between the systemic subtype and articu-
lar subtype [41], our systemic subtype patients had higher
IL-18 and lower TNF-a levels at baseline compared with
the articular subtype patients. However, we revealed similar
effectiveness of TCZ therapy in patients with either subtype
(remission rate 88.2% vs. 77.8%), which was in agreement
with the findings of a recent review [40]. The results remain
to be validated in future prospective studies comparing the
effectiveness of TCZ in AOSD patients with dichotomous
phenotypes.
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Table 4 The adverse events due to tocilizumab treatment in patients
with adult-onset Still’s disease during the 48-week follow-up period

Systemic sub-  Articular
type (n=19) subtype
(n=9)

Transient neutropenia®

Grade 1 or 2 0 (0.0%) 1(11.1%)

Grade 3 0 (0.0%) 0 (0.0%)

Grade 4 0(0.0%) 0 (0.0%)
Cutaneous reaction”

Grade 1 or 2 1(5.3%) 0 (0.0%)

Grade 3 0 (0.0%) 0 (0.0%)

Grade 4 0 (0.0%) 0 (0.0%)
Pulmonary NTM®

Grade 1 or 2 0 (0.0%) 0 (0.0%)

Grade 3 1(5.3%) 0 (0.0%)

Grade 4 0 (0.0%) 0 (0.0%)
Virus infection?

Grade 1 or 2 0 (0.0%) 2 (8.7%)

Grade 3 2 (10.5%) 0 (0.0%)

Grade 4 0 (0.0%) 0 (0.0%)
Macrophage activation syndrome®

Grade 1 or 2 0 (0.0%) 0 (0.0%)

Grade 3 2 (10.5%) 0 (0.0%)

Grade 4 0 (0.0%) 0 (0.0%)

#The presence of neutropenia (peripheral blood neutrophil <1000/
mm?) and resumed to normal limit within 1 month

bThe presence of rash, itching, urticaria, angioedema, or even ana-
phylaxis that occurred within 24 h of the medication used

‘The occurrence of pulmonary non-tuberculosis mycobacterial
(NTM) infection, which needed to be treated

9The occurrence of human B19 parvovirus (n=1) and a suspicious
virus infection (n=1), which were complicated by macrophage acti-
vation syndrome

¢The occurrence of fever, leukopenia, thrombocytopenia, and hyper-
ferritinemia after the episode of virus infection in two patients

Given the rarity of AOSD and limited consensus in treat-
ment, data addressing the predictors of therapeutic response
is scarce. Our multivariate analysis revealed a high baseline
IL-18 level could well predict poor therapeutic response to
TCZ at week 24. Given that IL-18 could be an indicator of
AOSD severity [8], higher baseline systemic disease activ-
ity, as reflected in a higher IL-18 level, is probably a feature
of AOSD that is less likely to remit. Our results support
the findings that the IL-18 dominant group among AOSD
patients required a higher mean corticosteroid dose [42],
and high IL-18 levels were associated with steroid depend-
ence [43]. However, a large patient cohort will be needed
to confirm the predictive capacity of baseline IL-18 level.

Considering the importance of corticosteroids in the
treatment of AOSD [4-6], the reduction of corticosteroid
use during the follow-up period frequently induces flares

@ Springer

[1, 2, 6]. However, none of the TCZ-treated patients had
a disease flare while tapering or even after discontinuing
corticosteroids in the present study. Other previous studies
also showed the benefit of TCZ treatment to minimize cor-
ticosteroid exposure and the related adverse events [16—19,
23, 24, 34] or revealed that 91.9% of AOSD patients could
taper corticosteroids without relapse while receiving bio-
logic therapy [38]. Hence, TCZ treatment had a significant
corticosteroid-sparing effect and could successfully prevent
disease flares while reducing corticosteroid dose, supporting
the usefulness of TCZ therapy in the management of refrac-
tory AOSD patients.

Interestingly, there were two episodes of MAS in our
TCZ-treated patients during the follow-up period. MAS
was defined as a condition meeting the following criteria:
symptoms of systemic inflammatory response syndrome,
cytopenia of more than two blood cell series, and hyperfer-
ritinemia. The emergence of MAS in one patient might be
triggered by parvovirus B19. After recovering from MAS
with IVIG infusion and cyclosporine treatment, she contin-
ued TCZ treatment and finally achieved disease remission.
The other patient developed MAS 2 months after disease
remission and discontinuation of both TCZ and corticoster-
oid. Although using TCZ to treat AOSD complicated with
MAS remains controversial [44—47], the MAS resolved after
this patient resumed treatment with TCZ and corticosteroid.
The emergence of MAS in this patient may indicate a dis-
ease flare, supporting the findings that MAS onset frequently
correlates with an active status of AOSD [3, 48].

With infections accounting for most of the adverse events
in TCZ-treated patients [34], three of our patients were diag-
nosed with infections during the 48 weeks of TCZ treatment.
Pulmonary NTM infection occurred in one patient at week
12 of TCZ therapy, resulting in its permanent termination.
Another patient suffered from parvovirus B19 infection
complicated with MAS at week 28 of TCZ treatment, and
the other had a suspicious viral infection. These patients
recovered from NTM infection or viral infections during the
follow-up period.

There were, however, some limitations in this study. The
retrospective nature of our study did not allow for obtaining
complete information from the enrolled patients, such as data
related to the calculation of ACR 20, ACR50, and ACR70
in patients with articular subtype. The lack of a significant
difference to support the superiority of TCZ effectiveness
in the systemic subtype compared with the articular subtype
might be due to the small sample size in each subtype, a
limitation inherent to the rarity of this disease. Therefore, a
multicentric, prospective, and large cohort study should be
conducted to further explore the effectiveness and safety of
TCZ treatment in AOSD.

In conclusion, TCZ therapy may be effective and well-
tolerated in treating refractory AOSD patients regardless of
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the subtypes. TCZ treatment is beneficial for AOSD patients
refractory to high-dose corticosteroid and MTX, leading to
a steroid-sparing effect and an acceptable safety profile. A
high baseline IL-18 level may serve as a predictor of poor
therapeutic response to TCZ treatment.
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