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Objectives: To define different clinical phenotypes and assess prognostic factors of adult-onset Still's disease (AOSD).
Methods: Overall, 492 patients with AOSD seen between 2004 and 2018 at a single centre were retrospectively

Results: Of these patients, 78% were female, and the median age at onset was 34 (25-49) years [median (25th-75th
percentile)]. The median follow-up time was 7 (3-10) years [median (25th-75th percentile)]. Clinical manifestations

at admission were used to subdivide patients with AOSD as follows: systemic inflammation (cluster 1), pure (cluster
2), and intermediate (cluster 3). Each subtype had distinct clinical manifestations and prognoses: cluster 1 (34.6%)—
multiple organ manifestations, highest infection rate and mortality, and more than half of the patients with at least
one relapse during follow-up; cluster 2 (21.3%)—exclusively female, rash and joint involvement, no internal organ
involvement, no mortality, and most of the patients with a monocyclic course; and cluster 3 (44.1%)—less infection
rate, no serious complications, and lower mortality rate. The 5- and 10-year survival rates after diagnosis were 92.4%
and 86.9%, respectively. Independent risk factors for mortality were age at onset >50 (hazard ratio (HR): 6.78, 95% Cl
2.10-21.89), hepatomegaly (HR: 5.05, 95% Cl: 1.44-17.70), infection (HR: 15.56, 95% Cl: 5.88-41.20), and MAS (HR: 26.82,

Conclusion: Three subtypes of AOSD were identified with distinct clinical manifestations and prognoses. Age at
onset >50, hepatomegaly, infection, and MAS were prognostic factors for AOSD mortality.
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Introduction

Adult-onset Still's disease (AOSD) is a systemic inflam-
matory disorder of unknown aetiology. It usually affects
young adults and is typically characterized by spiking
fever, arthritis, rashes, leucocytosis, and involvement of
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various organs [1, 2]. The incidence of AOSD has been
reported to be 0.16 per 100,000 persons in France [3],
0.22 per 100,000 persons in Japan [4], and 0.4 per 100,000
persons in northern Norway [5]. However, Asian patients
are reported to have a significantly higher in-hospital
mortality rate [6].

The diagnosis is often delayed because of the low
specificity of most findings. At present, the diagnosis
of AOSD depends on the exclusion of other diagnoses,
such as malignancy, infections, and other rheumatic
diseases. The treatment of AOSD is primarily arranged
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empirically.  Nonsteroid anti-inflammatory  drugs
(NSAIDs), corticosteroids, and synthetic disease-modi-
fying anti-rheumatic drugs (sDMARDs), such as metho-
trexate (MTX), are generally used as the first-line therapy
[7]. In recent years, biological disease-modifying anti-
rheumatic drugs (bDMARDs), such as interleukin-1
(IL-1) and interleukin-6 (IL-6) inhibitors, have been
successfully used in refractory cases [8]. Despite much
recent progress in the management of AOSD, the major-
ity of patients may experience recurrent flares, evolving
towards a chronic disease pattern and worse prognosis
due to AOSD-related life-threatening complications [9].
Indeed, AOSD is a heterogeneous and complicated dis-
ease [1]. Currently, three clinical patterns with acceptable
clinical significance [1, 8, 10], i.e., the monocyclic pat-
tern, the polycyclic pattern, and the chronic pattern, are
generally identified according to the disease course [11].
However, this classification is not directly based on the
clinical features and provides limited information on the
management of new-onset AOSD. Recently, the appli-
cation of data mining techniques using clinical data has
been reported to be a promising strategy for understand-
ing the complexity and heterogeneity of some rheumatic
diseases and for determining therapeutic approaches and
risk stratification [12—-16]. The lack of distinguished clini-
cal phenotypes based on the clinical features present at
the time of diagnosis as well as the exact report of the
long-term survival rate for AOSD based on a large sam-
ple size has slowed the progress of precision management
of AOSD. Therefore, a better understanding and manage-
ment of the disease would be possible if the potential
clinical models of AOSD were further differentiated.

This study describes our experience with 492 patients
with AOSD who were followed up at a single centre from
2004 to 2018. We aimed to define distinct clinical pheno-
types and prognostic factors of AOSD.

Patients and methods

Between January 2004 and December 2018, a total of 492
patients with AOSD who were initially diagnosed and
hospitalized in our department at Shanghai Renji Hospi-
tal were retrospectively enrolled in this study by review
of medical records. We followed up these patients until
their death or until September 2019 by telephone or by
reviewing outpatient data. A total of 213 (43.3%) patients
completed follow-up, and the mean duration of follow-
up was 7 (3—-10) years [median (25th-75th percentile)]
(Supplementary Fig. 1).

All patients fulfilled the diagnostic criteria of AOSD
proposed by Yamaguchi M [17]. Table 1 shows the main
characteristics of our patients. The assessment at base-
line excluded potential mimickers, including infections,
cancers, and other autoimmune or autoinflammatory
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diseases. All clinical/laboratory measurements and ther-
apy were collected at baseline during hospitalization.
Pleural effusion and lung parenchymal involvement were
evaluated by chest radiograph or computed tomogra-
phy (CT) imaging. Pericarditis was evaluated by echo-
cardiography. Macrophage activation syndrome (MAS)
was defined following the diagnostic criteria proposed
by the Histiocyte Society in 1991 and updated in 2004
and by Fardet L. et al. [18-20]. Infection was defined
as active bacterial, viral or fungal infection supported
by (1) typical clinical and imaging evidence or (2) typi-
cal clinical manifestations and positive results of blood,
sputum, bone marrow culture or positive results of viral
DNA quantitation. A monocyclic pattern was defined as
a single episode throughout the entire follow-up period;
a relapsing pattern was defined as multiple flares of sys-
temic and/or articular symptoms alternating with dis-
ease-free intervals; and a chronic pattern was defined as
having persistent symptoms, such as polyarthritis [21].
Refractory AOSD was defined as patients with severe
clinical symptoms who had poor responses to high dos-
ages of glucocorticoids or had difficulties withdrawing
glucocorticoids even when combined with immunosup-
pressive agents [22].

To identify possible subtypes of AOSD, we performed
a cluster analysis of all 492 patients based on the clini-
cal features and laboratory information. Variables such as
sex, age, rash, arthralgia, interstitial lung disease (ILD),
pharyngalgia, myalgia, pleurisy, pericarditis, hepatomeg-
aly, abnormal liver function test results, splenomegaly,
lymphadenopathy, a high level of ferritin (>1500 ng/mL),
and MAS were included in the cluster analysis (Supple-
mentary Fig. 1). We fit the model with the latent class
analysis (LCA) method using the Gaussian finite mixture
model (GMM) clustering algorithm in R software (ver-
sion 3.6.1) (using the “mclust” package, version 5.4.6).
GMM is a kind of probabilistic clustering technique that
clusters data points based on the likelihood that they
belong to a particular distribution. This means that data
points in the same clusters were more similar to other
data points in the same cluster and dissimilar to the data
points in other clusters. The relative optimal model was
chosen based on the Bayesian information criterion
(BIC) according to the instructions [23], which would
help increase likelihood and avoid overfitting. After that,
we used hypothesis testing to compare variables, looking
for significant differences between the clusters.

To test the correlation between our classification
method and the prognosis of patients with AOSD, the
survival of patients who completed the follow-up in each
cluster was analysed. Furthermore, 213 patients who
completed follow-up were analysed with Cox regression
analysis to identify possible prognostic factors of AOSD.



Li et al. Arthritis Research & Therapy (2021) 23:300 Page 3 of 9
Table 1 Comparison of clinical features and laboratory test results between the three distinct clusters of AOSD patients
Total Systemic Pure type Intermediate type P value
inflammation type
Number (n, %) 492 170 (34.6) 105 (21.3) 217 (44.1)
Age at onset? 37.05+£14.34 38.99414.95 36.03+13.25 36.01+£14.27 0.0911
Sex (male/female) 108/384 34/136 0/105 74/143 <0.0001
Typical manifestations (n, %)
Fever > 39 °C 485 (98.6) 167 (98.2) 102 (97.1) 216 (99.5) 0.2108
Rash 417 (84.8) 144 (84.7) 105 (100) 168 (77.4) <0.0001
Arthralgia 378 (76.8) 124 (72.9) 105 (100) 149 (68.7) <0.0001
Other clinical findings (n, %)
Pharyngalgia 310 (63) 92 (54.1) 70 (66.7) 148 (68.2) 0.0118
Myalgia 124 (25.2) 43(25.3) 0(0) 81(37.3) <0.0001
Lymphadenopathy 251 (51) 116 (68.2) 41 (39) 94 (43.3) <0.0001
Interstitial lung disease 76 (154) 76 (44.7) 0(0) 0(0) <0.0001
Pleurisy 60 (12.2) 60 (35.3) 0(0) 0(0) <0.0001
Pericarditis 29 (5.9) 29(17.1) 0(0) 0(0) <0.0001
Hepatomegaly 33(6.7) 33(194) 0(0) 0(0) <0.0001
Splenomegaly 140 (28.5) 75 (44.1) 0(0) 65 (30) <0.0001
Laboratory findings
Ferritin > 1500 ng/mL (n, %) 348 (70.7) 132 (77.6) 64 (61) 152 (70) 0.0121
WBC (10%/L)° 17.9+£8.2 18.1£9.5 17.4£7.59 179472 0.7541
PLT (10°/L)° 276+107.7 251.6+£106.7 295.6+117.7 2864100.1 0.0008
Hb (g/L)° 112.7£20.8 111.1£251 1102+£16.1 1152+188 0.0568
CRP (mg/L)? 87.7£61.6 92.0+£644 7704559 89.5+59.1 0.1224
ESR (mm/h)? 7244345 704£37.1 743£36.8 73.14£311 06116
ALT (U/L)? 318+652.9 483.84+967.9 116.7£160.9 287+425.7 <0.0001
Infection (n, %) 55(11.2) 38(224) 1(1.0) 16 (7.4) <0.0001
MAS (n, %) 33(6.7) 33(194) 0(0) 0(0) <0.0001

WBC White blood cell, PLT Platelet, Hb Haemoglobin, CRP C-reactive protein, ESR Erythrocyte sedimentation rate, ALT Alanine transaminase, MAS Macrophage

activation syndrome
2 Data are presented as the mean + S.D.

All patient baseline clinical characteristics were included
in the univariate Cox regression analysis, and variables
with p <0.05 were then used in the multivariate Cox
regression analysis to identify independent risk factors
(raw data in Supplementary Table 4).

Statistical analysis

Continuous variables were compared with ¢ tests (for
normally distributed data). Categorical variables were
compared using the chi-square test or Fisher’s exact
test. The GMM clustering algorithm was used and
implemented in R software (version 3.6.1) with the
“mclust” package (version 5.4.6). Survival data were
analysed via Kaplan-Meier plots and compared with the
log-rank (Mantel-Cox) test. Statistical results were gen-
erated with Prism 8 (8.0.2) software. P <0.05 (two tail)
was considered significant.

Results

Baseline clinical characteristics

Females (78%, n=384) predominated in the 492 patients
with AOSD. The median age was 34 (25-49) years
[median (25th-75th percentile)]. As shown in Table 1,
most patients had a high fever (>39°C) (98.6%, n=485),
typical skin rash (84.8%, n=417), arthralgia (76.8%,
n=378), pharyngalgia (63%, n=310), lymphadenopathy
(51.0%, n=251), and elevated hepatic enzymes (54.3%,
n=267) at admission. A few patients also presented with
myalgia (25.2%, n=124), pleurisy (12.2%, n=60), peri-
carditis (5.9%, n=29), ILD (15.4%, n=76), hepatomeg-
aly (6.7%, n=33) and splenomegaly (28.5%, n=140). For
inflammatory markers in laboratory testing, a majority
of patients (70.7%, n=348) showed high serum ferritin
levels (>1500 ng/mL). Some life-threatening complica-
tions associated with AOSD were also observed, such as
macrophage activation syndrome (MAS) (6.7%, n=33),
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disseminated intravascular coagulation (DIC) (0.8%,
n=4), pulmonary arterial hypertension (PAH) (0.6%,
n=3), liver failure (0.4%, n=2), and fulminant hepatitis
(0.2%, n=1).

Fifty-five patients presented with infection during hos-
pitalization. Of these, pulmonary infections (7.1%, n=35)
were the most common type, followed by bone marrow
infections (0.6%, n=3), sepsis (0.8%, n=4), reactivated
HBV (0.6%, n=3), tuberculosis (0.4%, n=2), gastrointes-
tinal fungal infections (0.6%, #n=3, one coexisting with
pulmonary infection), upper respiratory infections (0.8%,
n=4), and herpes zoster (0.4%, n=2).

Treatment regimen
Almost all patients (99.6%, n=490) received glucocorti-
coids as the initial treatment (Table 2). Table 2 lists the
minimum effective equivalent dosage of prednisone
needed to achieve a response. As indicated, approxi-
mately half of the patients required a high dose of pred-
nisone (>1 mg/kg/day) (47.6%, n=234) or a moderate
dose of prednisone (0.5-1 mg/kg/day) (46.7%, n=229) to
achieve an initial remission. However, only a few patients
(5.5%, n=27) required low-dose corticosteroids (<0.5
mg/kg/day) to achieve remission. Of note, one-fifth of
patients (19.3%, n=95) achieved clinical remission with
glucocorticoid therapy only, without second-line therapy.
Four-fifth of the patients (80.7%, n=397) received
immunosuppressants or immunomodulatory agents
(Supplementary Table 1). As shown, the most common
immunosuppressant was methotrexate (53.5%, n=263),
followed by hydroxychloroquine (34.3%, n=169), cyclo-
sporine (6.3%, n=31), thalidomide (4.9%, n=24), leflu-
nomide (3.7%, n=18), cyclophosphamide (1.2%, n=6),
tacrolimus (1.0%, n=5), mycophenolate mofetil (MMF)
(0.2%, n=1), and total glucosides of paeony (TGP) (4.1%,
n=20). In addition, biological agents were additionally
administered to patients with refractory or recurrent
AOSD (1.6%, n=8). Among these drugs, anti-tumour
necrosis factor (TNF) drugs (0.8%, n=4) and tocilizumab
(0.8%, n=4) were the most commonly used. Eleven
patients (2.2%) received etoposide (VP-16) for the treat-
ment of MAS. Sixteen patients (3.3%) received intrave-
nous immunoglobulin (IVIG) as adjuvant treatment.
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Clustering analysis

To identify possible subtypes of the disease, a method
of unsupervised clustering of the clinical characteristics
was adopted. After fitting candidate cluster models with
GMMs, we found that the three-subgroup model had the
best fit statistics (Supplementary Fig. 2). Indeed, three
subgroups of patients with AOSD were also found to
have clinical significance (Table 1). The three groups were
defined as the systemic inflammation type (cluster 1), the
pure type (cluster 2), and the intermediate type (cluster
3). Moreover, the three subgroups of patients with AOSD
were found to be associated with prognosis. The survival
of the three subgroups was analysed with Kaplan-Meier
survival curves (Fig. 1, Supplementary Table 3).

As shown in Table 1 and Fig. 2, patients in cluster 1,
with the systemic inflammation type, tended to have
multiple organ manifestations, such as lymphadenopathy
(68.2%, n=116), interstitial lung disease (44.7%, n=76),
pleurisy (35.3%, n=60), pericarditis (17.1%, n=29),
hepatomegaly (19.4%, n=33), and splenomegaly (44.1%,
n=75). They also had the highest concurrent MAS rate
(19.4%, n=33) and infection rate (22.4%, n=38). Indeed,
most patients in cluster 1 received a high dose of steroids
(61.5%, >1.0 mg/kg) during hospitalization for remission
(Table 2), more than half (58.8%) of the patients expe-
rienced at least one relapse during follow-up, and this
subgroup had the highest mortality rate (21.3%, n=17)
(Supplementary Table 2). The 5- and 10-year survival
rates after diagnosis were 82.9% and 73.5% (Supplemen-
tary Table 3), respectively.

In contrast, patients in cluster 2 had no mortality or
MAS occurrence, suggesting a mild disease course. These
patients were exclusively female, and all the patients
showed rash and joint involvement but no internal organ
involvement. A lower dosage of steroids compared with
the other clusters was sufficient (55.8%, 0.5-1.0 mg/
kg; 11.5%, <0.5 mg/kg) to induce remission (Table 2),
and most of these patients presented with a monocyclic
course (64.9%) (Supplementary Table 2).

Cluster 3 was the largest group and had an intermedi-
ate prognosis. Some of the patients in cluster 3 had sple-
nomegaly and myalgia in addition to general symptoms,
but they did not develop MAS. The mortality rate of clus-
ter 3 (5.2%) was significantly lower than that of cluster 1

Table 2 The maximum dosage of glucocorticoids required to achieve rapid remission in AOSD patients

Glucocorticoids (mg/kg/  Total (n, %) Systemic inflammation Pure type (n, %) Intermediate type P value
day) type (n, %) (n, %)

<05 27 (5.5) 6(3.6) 12(11.5) 9(4.1) 0.0097
05-1.0 229 (46.7) 59 (34.9) 58 (55.8) 112 (51.6) 0.0006
>1.0 234 (47.6) 104 (61.5) 34(32.7) 96 (44.2) <0.0001

AOSD Adult-onset Still's disease
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Fig. 1 Kaplan-Meier survival curves of three distinct AOSD (adult-onset Still's disease) subgroups of patients
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(21.3%) (Supplementary Table 2). The 5- and 10-year sur-
vival rates after diagnosis were 97.5% and 93.6% (Supple-
mentary Table 3), respectively.

Prognosis

In our cohort, a total of 213 (43.4%) patients completed
follow-up. The median follow-up time was 7 (3—10) years
[median (25th—75th percentile)], and the longest follow-
up time was 16 years. During the follow-up period, half
of the patients had monocyclic disease (54.0%, 115/213),

while the rest had relapsing or chronic erosive patterns
(46.0%, 98/213) (Supplementary Table 2). Twenty-two
patients (10.33%, 22/213) ultimately died. The 5-year sur-
vival rate and 10-year survival rate after diagnosis were
92.4% and 86.9%, respectively.

Both univariate and multivariate Cox regression were
used to predict AOSD patient mortality from a num-
ber of clinical and laboratory measurements at baseline
(Table 3). Multivariate analysis was performed using the
following variables with p <0.05 in univariate analysis:
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Table 3 Cox regression was used to analyse the correlation between baseline measurements and the survival of AOSD patients

Univariate analysis

Multivariate analysis

Variables Hazard ratio (95% Cl) p Hazard ratio (95% Cl) p
Age at onset, years (continuous) 1.03 (1.00-1.06) 0.026
Age at onset, years (categorical)

<50 0.31(0.13-0.73) 0.008

>50 3.20(1.36-7.53) 0.008 6.78 (2.10-21.89) 0.001
Gender

Male 1.32(0.51-3.36) 0.567

Female 0.76 (0.30-1.95) 0.567
Fever > 39 °C - 0.997
Rash 0.59 (0.22-1.59) 0.292
Arthralgia 0.66 (0.27-161) 0.358
ILD 2.92 (1.22-6.98) 0.016 0.52(0.13-2.14) 0.369
Pharyngalgia 1.29(0.52-3.17) 0.581
Myalgia 41 (0.55-3.59) 0478
Pericarditis 3.76(1.23-11.4) 0.020 1.17 (0.36-3.78) 0.792
Pleurisy 3.04 (1.27-7.26) 0012 7(0.59-8.03) 0.246
Hepatomegaly 4.14(1.50-11.38) 0.006 5.05 (1.44-17.70) 0.011
Splenomegaly 1.49 (0.62-3. 55) 0.371
Lymphadenopathy 1.16 (0.50-2.68) 0.734
Ferritin > 1500 ng/mL 2.04 (0.69-6.01) 0.198
Infection 12.56 (5.39-29.28) 45270 15.56 (5.88-41.20) 3.29e7%8
MAS 11.88 (4.51-31.30) 5.58e~" 26.82 (7.52-95.60) 3.95e7"

ILD Interstitial lung disease, MAS Macrophage activation syndrome

age at onset >50, ILD, infection, pericarditis, pleurisy,
MAS and hepatomegaly. The results of multivariate anal-
ysis showed that the independent risk factors for mortal-
ity were age at onset >50 (hazard ratio (HR): 6.78, 95%
CI: 2.10-21.89), hepatomegaly (HR: 5.05, 95% CI: 1.44—
17.70), infection (HR: 15.56, 95% CI: 5.88-41.20) and
MAS (HR: 26.82, 95% CI: 7.52-95.60).

Discussion
We reported a recent and large series of patients with
AOSD and described clinical and laboratory features,
treatment regimens, and disease evolution parameters
over a long period, 2004—2018. We first analysed the
clinical and laboratory features of the large cohort of 492
patients with AOSD and found that patients with AOSD
could be subdivided into three subtypes, the systemic
inflammation type, pure type, and intermediate type,
which had distinct clinical manifestations and prognoses.
In addition, age at onset >50, infection, hepatomegaly
and MAS were independent risk factors for predicting
AOSD mortality.

Our study demonstrated that our AOSD cohort was
similar in mean age and sex distribution to those in

prior reports [24]. In our cohort of 492 patients with
AOSD, 384 patients were female, and the median age
at onset was 34 (25-49) years [median (25th—75th per-
centile)]. The median follow-up time was 7 (3—10) years
[median (25th-75th percentile)]. The typical clinical
features included the classic triad of fever, arthritis and
rash characteristic of AOSD. Corticosteroid therapy
is used as the first-line treatment for AOSD. Consist-
ent with other reports [9, 25], the induction of remis-
sion was mostly achieved with moderate/high doses of
corticosteroids and/or DMARD combinations, includ-
ing methotrexate and hydroxychloroquine. If MTX fails
to control the disease, other conventional synthetic
DMARDs may be taken into consideration. Remission
was achieved in the majority of patients using this treat-
ment scheme. It has been proven that TNF-a, IL-1 and
IL-6 blockers are effective in AOSD, and IL-6 block-
ade could be more effective in the control of arthritic
manifestations, whereas IL-1 could be a better target
in cases of predominant systemic manifestations [21,
26]. Only 1.6% of patients required biological agents to
control refractory disease or recurrence in our cohort,
which was lower than the other published cohorts [9,
21]. It was related to the economic level, and the drugs
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were used off label. For recurrent and refractory cases,
we have used more biological agents in recent years.

According to the Yamaguchi criteria [17], the three
major typical manifestations of AOSD are spiking fever,
typical rash and arthralgia. In our cohort, spiking fever
was a common feature of the three types. However, only
patients with the pure type of AOSD had both arthralgia
and skin rash, while the other two types of patients did
not necessarily have these two manifestations at the same
time. Patients with systemic inflammation had slightly
lower rates of rash and joint pain, and they had the high-
est probabilities of visceral involvement, including ILD,
pleurisy, pericarditis, and hepatosplenomegaly, as well
as life-threatening MAS. Patients with the pure type did
not have serious complications affecting internal organs
but did have sore throat, large lymph nodes, and mildly
elevated liver transaminase levels. Intermediate-type
patients, similar to systemic inflammatory patients, also
had lower rates of rash and joint pain but had limited vis-
ceral involvement (no cardiopulmonary issues, hepatos-
plenomegaly or MAS).

There are some differences between our clustering
and previous studies. Several studies have shown that
AOSD can be divided into systemic subtype and chronic
articular subtype. For the systemic subtype, multi-organ
involvement and high probabilities of MAS occurrence
[11, 27], similar to the systemic inflammation type in our
study. The chronic articular subtype exhibits a pre-emi-
nence of chronic polyarthritis, with a lower inflammatory
state but possible joint destruction and is thus considered
rheumatoid arthritis (RA) [11, 27]. Moreover, it has been
reported that female sex, proximal arthritis at disease
onset and steroid dependence may predict the chronic
articular form of AOSD [21]. In our study, we found that
pure-type patients were exclusively female, and all the
patients showed rash and joint involvement but no inter-
nal organ involvement or mortality or MAS occurrence,
which is similar to the chronic articular subtype. How-
ever, we found that most of these patients in the pure
type presented with monocyclic courses (64.9%), not
chronic diseases resembling rheumatoid arthritis. These
patients with the pure type having a relatively better
prognosis may represent a group of patients with differ-
ent pathogenesis from the conventional systemic subtype
and chronic articular subtype.

In addition to clinical manifestations, the three types
of patients had different rates of secondary infection.
Patients with systemic inflammation had the highest
probability of infection, followed by patients with the
intermediate type. Only one infection was found in pure-
type patients in our cohort. These different probabilities
of infection may be attributed to the different doses of
glucocorticoid treatment. Systemic inflammation-type
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patients received the highest glucocorticoid dosage
among patients from all three clusters.

To date, no factors have been identified that can guide
physicians regarding an accurate dose of glucocorticoids
when a patient is first diagnosed. It was reported that
in patients who present an acute flare at admission, a
highly active mononuclear phagocyte system and impor-
tant organ involvement might require a higher dose
of glucocorticoids after diagnosis [10]. We found that
most patients in cluster 1 (systemic inflammation type)
who had multiple organ manifestations received a high
dose of steroids. In contrast, patients in cluster 2 (pure
type), who had no serious complications and were all
female, needed a relatively low dose of steroids to induce
remission.

To analyse the prognosis of the three types of patients,
we compared the survival conditions and disease recur-
rence rates. The results showed that patients with the
systemic inflammation type of disease had the worst
prognosis; the survival rate was significantly lower than
that of patients with the pure and intermediate types of
disease. In addition, pure-type patients had the highest
rate of non-recurrence during follow-up, and systemic
inflammatory patients had the highest rate of recurrence.
Finally, we predicted that the mortality-associated fac-
tors were age at onset >50, infection, hepatomegaly, and
MAS, which might be valuable for clinical use.

There are several limitations to our study. First, because
it is a retrospective study, possible recall and selec-
tion errors cannot be excluded. Second, over half of the
patients were lost to follow-up, which led to an under-
estimation of mortality. Third, since only hospitalized
AOSD patients were included, the present findings might
not be generalizable to all AOSD patients. Finally, the
expression of inflammatory factors was diverse in differ-
ent subtypes, and cytokine profile analysis is needed to
further support our clustering [21, 27, 28].

Conclusions

In this study, we reported a recent series of 492 patients
with definite AOSD from a single centre. We highlighted
three distinct disease phenotypes. The independent risk
factors for predicting AOSD mortality were age at onset
>50, infection, hepatomegaly and MAS. Additional stud-
ies are needed to confirm these findings.
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