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ABSTRACT

Objective. Macrophage activation syn-
drome (MAS) is considered the most
severe complication of adult-onset
Still’s disease (AOSD). This retrospec-
tive observational study was conducted
to explore the clinical characteristics
of AOSD-MAS patients, the risk fac-
tors for MAS in AOSD and prognostic
factors in AOSD. Early changes in the
clinical characteristics of AOSD-MAS
were also studied.

Methods. 111 hospitalised AOSD pa-
tients were included in this retrospective
analysis and analysed for the features
of AOSD-MAS, selecting independent
risk factors associated with MAS and
the correlations between clinical char-
acteristics and patient survival.
Results. Nine subjects (8.1%) devel-
oped MAS. AOSD-MAS patients had a
higher incidence of jaundice (33.3% vs.
2.9%, p=0.007) and aspartate amino-
transferase (AST) greater than 5-fold
(333% vs. 2.9%, p=0.007). Jaundice
was associated with an increased risk of
MAS (OR=16.50, 95% CI: 2.73-99.82,
p=0.002). The AOSD-MAS group had a
higher mortality rate (55.6% vs. 8.0%,
p=0.001). MAS (HR=1122, 95% CI:
3.46-36.38,p<0.001 ),andwhite blood cell
(WBC) greater than 20x 10°/L (HR=5.80,
95% CI: 1.09-30.92, p=0.040) were in-
dependent prognostic factors for death
in AOSD patients. In the AOSD-MAS
group, transaminase, triglycerides (TGs)
and serum ferritin (SF) were elevated in
the early disease stage, sometimes earlier
than changes in blood cells in MAS.
Conclusion. MAS occurrence  sig-
nificantly reduced the survival rate
of patients with AOSD. The presence
of jaundice was associated with MAS
occurrence. MAS and a WBC count
>20x10°/L were associated with a high
risk of AOSD-related death. AOSD
should alert the possibility of MAS
when elevated transaminase, TGs and
SF cannot be explained.

Introduction

Still’s disease is a class of exclusive au-
toinflammatory diseases involving mul-
tiple organs, and the complete patho-
genesis is currently unknown. Still’s
disease is divided by age: that occurring
in individuals 16 years old or younger
is referred to as systemic juvenile idi-
opathic arthritis (sJIA), and that occur-
ring in individuals more than 16 years
old is referred as adult-onset Still’s dis-
ease (AOSD) (1, 2). Clinical manifesta-
tions are fever, rash, joint pain, hepato-
megaly, splenomegaly, lymphadenopa-
thy, serositis, etc. (2). Among them, fe-
ver (3,4), rash (5), and joint pain (3) are
the most common symptoms. Labora-
tory tests are characterised by elevated
white blood cell (WBC), transaminase
changes, and elevated serum ferritin
(SF) (2). Importantly, elevated SF is
meaningful for diagnosis, especially SF
increased more than 5-fold (6). Gen-
erally, AOSD should be considered
the mild form. The AOSD course can
be categorised into 3 different clinical
patterns: monocyclic, polycyclic, and
chronic (7). Few studies have focused
on the prognostic factors of AOSD.
Studies have revealed that polyarthri-
tis and joint erosion at disease onset
are predictive of chronic progression
and a poor functional prognosis (7, 8).
Furthermore, notable liver dysfunction,
splenomegaly, a low number of plate-
lets or neutrophils, high levels of serum
ferritin, and a reduced level of fibrino-
gen (FBG) are risk factors for poor out-
come (9). A systemic score greater than
7 showed a strong prognostic impact in
categorising patients at risk of AOSD-
related death (10). Patients with severe
complications, such as macrophage ac-
tivation syndrome (MAS), disseminat-
ed intravascular coagulation, liver fail-
ure, and severe infection, have a poor
prognosis (10, 11).

AOSD is one of the autoimmune dis-
eases that is most likely to develop
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MAS which is estimated to occur in 10-
15% of patients (12, 13). MAS is char-
acterised by a cytokine storm (14), hae-
mophagocytosis and multi-organ dam-
age (15). Its pathogenesis involves the
activation of key innate immune path-
ways, including IL-1, IL-6 and IL-18,
leading to systemic inflammation (16).
MAS is a group of clinical manifesta-
tions with high fever, lymphadenopa-
thy, hepatosplenomegaly, decreased
blood cells, abnormal liver function, el-
evated SF, and high triglycerides (TGs)
(11, 17). MAS can increase the mor-
tality of AOSD. Previous studies have
shown that the mortality of patients with
AOSD-MAS and the mortality of pa-
tients with AOSD are 52.9% and 9.5%,
respectively (11). The characteristics
of MAS are very similar to those of
AOSD, so it is very difficult to diagnose
AOSD with MAS early. Because of its
non-specific clinical characteristics,
MAS is not easy to distinguish from
other diseases, such as systemic infec-
tion and malignancy. Moreover, the
2004-HLH criteria (18) or HScore (19)
is commonly used for diagnosis, but the
results are not consistent. Therefore, a
few studies have conducted research on
the predictive indicators of MAS. Some
studies have revealed predictors of
MAS, including platelets (PLTs), anae-
mia, SF, B2-microglobulin, hepatomeg-
aly, lymphadenopathy, abdominal pain,
splenomegaly and pericarditis (11, 20,
21). Because the number of patients
with AOSD-MAS is relatively insuf-
ficient and the diagnosis is relatively
difficult, there are relatively few stud-
ies on it. There is no research revealing
the changes in laboratory examinations
results of AOSD-MAS patients.

In this study, we analysed the clinical
data of 111 AOSD patients, including
9 with MAS. We aimed to explore the
clinical characteristics of AOSD-MAS
patients and to identify the risk factors
for death in AOSD patients. More im-
portantly, we described the changing
clinical characteristics of AOSD-MAS
patients.

Materials and methods

Patients

We performed a retrospective analysis
of patients in the Department of Rheu-

S-60

matology of the First Hospital of Jilin
University, China, between January
2014 and January 2018. All patients
fulfilled the Yamaguchi criteria (22),
which are considered to be the most
sensitive criteria for the diagnosis of
AOSD, and excluded those with in-
fectious diseases, malignancy or other
autoimmune diseases. The Yamaguchi
criteria are as follows: A) major crite-
ria: 1) fever higher than 39°C lasting
for more than 1 week; 2) arthralgia/ar-
thritis lasting for more than 2 weeks; 3)
typical rash and 4) WBC count greater
than 10,000 with 80% neutrophils; B)
minor criteria: 1) sore throat; 2) lym-
phadenopathy; 3) increased liver func-
tion tests and 4) rheumatoid factor (RF)
and antinuclear antibody (ANA) nega-
tive. Five or more criteria are required,
two or more of which must be major.
We excluded patients with infections
by blood cultures or bone marrow (BM)
cultures, serology and PCR analyses,
chest computed tomography (CT) and
abdominal CT. We evaluated possible
differential diagnoses with malignan-
cies by chest CT, abdominal echogra-
phy, abdominal CT and blood samples.
For patients with possible haematologic
cancers, we also performed a BM ex-
amination and lymph node biopsy. Au-
toimmune diseases were excluded by
blood tests, ANA, anticitrullinated pep-
tide antibodies, RF, and antineutrophil
cytoplasmic antibodies. All the AOSD-
MAS patients met the 2004-HLH crite-
ria (18) and HScore (scores greater than
169 were 93% sensitive and 86% spe-
cific, as shown in Supplementary Table
S1) (19). The 2004-HLH criteria are
as follows: 1) fever greater or equal to
38.5°C; 2) splenomegaly (craniocaudal
length longer than 12 cm); 3) peripheral
blood cytopenia with at least 2 of the
following: haemoglobin less than 9 g/
dL, PLTs less than 100,000/microL;
4) absolute neutrophil count less than
1,000/microL; 5) hypertriglyceridemia
(fasting TGs greater than 265 mg/dL
or hypofibrinogenemia (FBG less than
150 mg/dL); 6) haemophagocytosis in
the bone marrow, spleen, lymph node,
or liver; 7) SF greater than 500 ng/mL;
8) elevated soluble CD25 (soluble IL-2
receptor alpha (sIL-2R)) two standard
deviations above age-adjusted labora-

tory-specific norms and 9) NK cell ac-
tivity. For a diagnosis of HLH, 5 of the
8 criteria had to be met. In our study,
111 AOSD patients were analysed for
clinical features and divided into two
groups: AOSD-MAS and AOSD-non-
MAS. At baseline, each patient was
investigated for the onset of MAS, and
at follow-up, the occurrence of death
was recorded. Methods for follow-up
included outpatient medical record in-
quiry, inpatient medical record inquiry,
telephone follow-up and death registra-
tion systems.

The Ethics Committee of the First Hos-
pital of Jilin University approved the
study protocol (NO. 2013-268), and it
was performed according to the Decla-
ration of Helsinki. After approval of our
ethics committee, we collected written
informed consent from patients who
were presently and actively followed-
up. The survival time was defined as the
duration from the date of admission to
March 1, 2018. Patients who were lost
at the time of interview were excluded
from the survival analysis. The overall
survival rate was used to define patient
prognosis. However, since this study
was retrospective, for 13 dead patients
and 2 patients who were lost to fol-
low-up, we used the fully anonymised
clinical data only for research purposes
without any other intended aim.

Clinical and laboratory data

The clinical characteristics, laboratory
data, disease course, treatment, MAS
and survival data of all patients were re-
corded at the first visit to our hospital of
this current onset. Clinical data included
sex, age, peak fever temperature, rash,
arthritis, hepatosplenic lymphadenopa-
thy, treatment and prognosis. Labora-
tory tests included routine blood tests,
SF levels, liver function tests, C reac-
tive protein (CRP), erythrocyte sedi-
mentation rate (ESR), FBG, TGs, RF,
ANA and bone marrow characteristics.
The treatments were recorded as three
groups: first-line therapy, including
non-steroidal anti-inflammatory drugs
(NSAIDs) and/or steroids; second-line
therapy, including steroids and conven-
tional synthetic disease-modifying anti-
rheumatic drugs (csDMARDs) and/or
intravenous immunoglobulin (IVIg);
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and biologic agent therapy: steroids and
csDMARDs and/or IVIg and biologic
agents (23). The median time from ad-
mission to the diagnosis of AOSD-MAS
was 17 days. Therefore, AOSD-non-
MAS patients received treatment within
17 days of admission. For AOSD-MAS
patients, data on treatment before the di-
agnosis of MAS were collected.

Data from AOSD-MAS patients were
collected at 4 time points: the baseline,
before MAS, diagnosed MAS and out-
come. The baseline was defined as the
first visit to our hospital of this current
onset. To identify the changing features
of MAS, we collected the most recent
data before blood cells were reduced
(i.e., before MAS). Diagnosed MAS
data were recorded at the time of MAS
diagnosis. The outcome time point was
within 24 hours before discharge or
death. Patient 5 died in 3 days, and some
of the data were not comprehensive.

Statistical analysis

The categorical variables are present-
ed as frequencies with percentages
and were compared with the %> test or
Fisher’s exact test when appropriate.
Any variable having a significant uni-
variable result (p<0.05) was selected
as a possible candidate for multivariate
logistic regression analysis to employ
the independent risk factor associated
with the development of MAS, and
odds ratios (ORs) with their 95% con-
fidence intervals (CIs) were calculated.
Survival curves within each stratifica-
tion of variables were plotted with the
Kaplan-Meier method and compared
by the log-rank test. The multivariate
Cox proportional hazards model was
used to evaluate the prognostic roles
of clinical and laboratory variables and
hazard ratios (HRs) with their 95% CIs
were calculated. Statistical analysis was
performed using SPSS 20.0 statistical
software (SPSS Inc.; Chicago, USA).
A p-value less than 0.05 was defined as
statistically significant.

Results

Clinical characteristics

of the evaluated patients

The demographic and clinical features
of the 111 investigated patients are
shown in Table I. In total, 111 AOSD
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Table I. Clinical and laboratory characteristics of AOSD patients according to with or with-
out MAS (n=111).

Characteristics AOSD AOSD-nonMAS AOSD-MAS p
n (%) n (%) n (%)

Age (years) <45 62 (55.9) 58 (56.9) 4 (444) 0.505
>45 49 (44.1) 44 (43.1) 5 (55.6)

Gender male 27 (24.3) 26 (25.5) 1 (11.1) 0.335
female 84 (75.7) 76 (74.5) 8 (88.9)

Peak temperature (°C) 37.3-38.0 327 39 0 (0.0) 0.098
38.1-39.0 38 (34.2) 36 (35.3) 2 (22.2)
39.1-41.0 66 (59.5) 61 (59.8) 5 (55.6)
>41.0 4 (3.6) 2 (2.0) 2 (22.2)

Rash no 18 (16.2) 16 (15.7) 2 (22.2) 0.637
yes 93 (83.8) 86 (84.3) 7 (77.8)

Sore throat no 77 (69.4) 70 (68.6) 7 (77.8) 0440
yes 34 (30.6) 32 (314) 2 (22.2)

Jaundice no 105 (94.6) 99 (97.1) 6 (66.7) 0.007
yes 6 (54) 39 3 (33.3)

Arthritis no 50 (45.0) 46 (45.1) 4 (444) 1.000
yes 61 (55.0) 56 (54.9) 5 (55.6)

Lymphadenopathy no 78 (70.3) 72 (70.6) 6 (66.7) 1.000
yes 33 (29.7) 30 (29.4) 3 (33.3)

Hepatomegaly no 109 (98.2) 100 (98.0) 9 (100)  1.000
yes 2 (1.8) 2 (2.0) 0 (0.0)

Splenomegaly no 91 (82.0) 85 (83.3) 6 (66.7) 0.204
yes 20 (18.0) 17 (16.7) 3 (33.3)

Anaemia no 37 (33.3) 36 (35.3) 1 (11.1) 0.267
yes 74 (66.7) 66 (64.7) 8 (88.9)

SF (ug/L) <1000 9 (8.1) 9 (8.8) 0 (0.0) 0.653
1000-10000 67 (60.4) 61 (59.8) 6 (66.7)
>10000 35 (31.5) 32 (314) 3 (33.3)

PLT (x10°/L) <100 6 (54) 5 (4.9) 1 (11.1) 0.121
101-400 90 (81.1) 85 (83.3) 5 55.6)
>400 15 (13.5) 12 (11.8) 3 (33.3)

WBC (x10°/L) <10 29 (26.1) 26 (25.5) 3 (33.3) 0423
10-20 62 (55.9) 57 (55.9) 5 (55.6)
>20 20 (18.0) 19 (18.6) 1 (11.1)

TG (mmol/L) 0.28-1.8 57 (82.6) 54 (85.7) 3 (50.0) 0.061
>1.8 12 (17.4) 9 (14.3) 3 (50.0)

AST <5 folds 105 (94.6) 99 (97.1) 6 (66.7) 0.007
5-15 folds 4 (3.6) 2 (2.0) 2 (22.2)
>20 folds 2 (1.8) 1 (0.9) 1 (11.1)

ALT <5 folds 102 (91.9) 94 (92.2) 8 (88.9) 0.758
5-15 folds 6 (54) 5 (4.9) 1 (11.1)
>20 folds 327 39 0 (0.0)

ESR (mm/h) 0-20 9 (8.1) 7 (6.9) 2 (22.2) 0.156
>20 102 (91.9) 95 (93.1) 7 (77.8)

CRP (mg/L) 0-3.5 327 39 0 (0.0) 1.000
>3.5 108 (97.3) 99 (97.1) 9 (100.0)

FBG (g/L) <2 4 (5.3) 342 1 (25.0) 0.252
2-4 18 (23.7) 17 (23.6) 1 (25.0)
>4 54 (71.0) 52 (72.2) 2 (50.0)

Treatment First-line therapy 76 (68.5) 72 (70.6) 4 (444) 0.060
Second-line therapy 33 (29.7) 29 (28.4) 4 (44.4)
Biologic agent therapy 2 (1.8) 1 (1.0 1 (11.2)

Outcome death 13 (11.9) 8 (8.0) 5 (55.6) 0.001
alive 96 (88.1) 92 (92.0) 4 (44.4)

Statistical significance was expressed by p-value <0.05.

The first-line therapy is defined as treated with non-steroidal anti-inflammatory drugs (NSAIDs) and/or
steroid; the second-line therapy is defined as treated with steroid and/or conventional synthetic disease-
modifying anti-rheumatic drugs (csDMARDs) and/or intravenous immunoglobulin (IVIg); the biologic
agent therapy is defined as treated with steroid and/or csDMARDs and/or IVIg and/or biologic agent.
SF: serum ferritin; PLT: platelet; WBC: white blood cells; AST: aspartate aminotransferase; ALT: ala-
nine aminotransferase; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; FBG: fibrino-
gen; TG: triglyceride; MAS: macrophage activation syndrome.
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Table II. Logistic regression analyses for MAS risk in AOSD patients (n=111).

Characteristics n (%) Crude OR )4 Adjusted OR p
(95% CI) (95% CI)
Jaundice  no 105 (94.6) 1.00 0.002 1.00 0.002
yes 6 (54) 16.50 (2.73,99.82) 16.50 (2.73-99.82)
AST <5 folds 105 (94.6) 1.00 0.009 -
5-15 folds 4 (3.6) 1649 (1.97,138.11) -
=20 folds 2 (1.8) 16.50 (0.92,297.40) -

After adjusted variables have statistical significance in univariate logistic analyses: jaundice and AST.

patients, including 84 females (75.7%),
and 102 AOSD-nonMAS patients, in-
cluding 26 males (25.5%) and 76 fe-
males (74.5%), were analysed in this
study. One male (11.1%) and 8 females
(88.9%) were comprised the 9 AOSD-
MAS patients. The median (P,5, P,,)
age at AOSD diagnosis was 41 (29, 35)
years. All patients had fever (100%),
and the common clinical manifestations

were rash (83.8%), arthritis (55.0%),
and sore throat (30.6%). At baseline,
the common manifestations of fever,
rash, and arthritis were similar between
the two groups. The incidence of jaun-
dice was higher in the AOSD-MAS
group than in the AOSD-nonMAS
group (33.3% vs.2.9%, p=0.007).

Inflammatory markers such as WBCs,
ESR, CRP and FBG were increased in

AOSD. These increases were accompa-
nied by increases in transaminase and
SF. The increased aspartate aminotrans-
ferase (AST) level in the AOSD-MAS
group was mainly greater than 5-fold
(compared with the upper normal lim-
its), and that in the AOSD-nonMAS
group was mainly less than or equal to
5-fold (p=0.007). Although the propor-
tion of patients with elevated TGs was
higher in the AOSD-MAS group than
in the AOSD-nonMAS group, this dif-
ference did not reach statistical signifi-
cance (50.0% vs. 14.3%, p=0.061).

First-line therapy accounted for 68.5%
of AOSD patients, 70.6% of AOSD-
nonMAS patients, and 44.4% of
AOSD-MAS patients. The application
rate of second-line therapy was higher
in AOSD-MAS patients (44.4% vs.
28.4%). Early onset of treatment was
not significantly different between the
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two groups (p=0.060). One AOSD-non-
MAS patient was given biologic agents
because she had persistent fever and
joint pain after using steroids and meth-
otrexate, and she achieved remission.
The median follow-up time was 28
months, 96 (86.5%) patients survived,
13 (11.7%) patients died, and 2 patients
(1.8%) were lost to follow-up. In total,
13 patients died, 5 of whom were com-
plicated with MAS. Six AOSD-non-
MAS patients died due to septic shock,
and 2 died because of infection and
multiple organ dysfunction syndrome
(MODS). AOSD-MAS patients had a
higher mortality rate (55.6% vs. 8.0%,
p=0.001).

Risk factors for MAS occurrence
Univariate and multivariate logistic
regression analyses were performed
to investigate the possible risk factors
for MAS occurrence, and the results
are shown in Table II. In the univariate
analyses, evidence of the following fac-
tors was significantly associated with
MAS occurrence: jaundice (p=0.002)
and AST ranging from 5-15-fold
(»=0.009). Conversely, the following
factors were not associated with MAS:
sex, age, other recorded clinical fea-
tures, SF, PLTs, WBCs, ALT, ESR CRP
and different therapeutic strategies.
The variables that showed significant
statistical significance in the univariate
analysis were included in the multivari-
ate analysis in a forward manner, and
only jaundice was an independent risk
factor for MAS (OR=16.50, 95% CI:
2.73-99.82, p=0.002).

Analysis of overall survival

in AOSD patients

The log-rank test and multivariate Cox
regression test were used to analyse
the overall survival of AOSD patients.
The occurrence of MAS significantly
reduced the survival rate of AOSD pa-
tients (log-rank test p<0.001, Fig. 1C).
PLTs (log-rank p=0.089, Fig. 1A) and
WBCs (log-rank p=0.088, Fig. 1B) had
a tendency to reduced survival rates,
although the differences were not sta-
tistically significant. Three variables
(p<0.1) were used to describe how these
factors jointly impacted survival in the
multivariate Cox regression analysis. A
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Table III. Multivariate COX regression test for the factors associated with AOSD prog-

nosis.

Characteristics n Death n (%) Adjusted HR (95% CI) P
WBC (x10°/L) <10 28 2 (7.1) 1.00

10-20 62 6 (9.7) 1.43 (0.29-7.08) 0.587

>20 19 5 (26.3) 5.80 (1.09-30.92) 0.040
MAS without 100 8 (8.0) 1.00

with 9 5 (55.6) 11.22 (3.46-36.38) <0.001

After adjusted variables having a significant log-rank test: PLT, WBC and MAS.

Table IV. General information, treatment and survival outcome of AOSD-MAS patients.

Patient Gender Age HScore Treatment Outcome
1 F 52 281 a+b death
2 F 55 207 a alive
3 F 50 261 a+b+c+d+e+f alive
4 F 23 253 a+b+g alive
5 F 41 170 a death
6 F 46 284 a+b+g death
7 F 51 262 a+b death
8 M 19 215 a+b death
9 F 30 281 a+b+g alive

a: steroid; b: IVIg; c: cyclophosphamide; d: Tocilizumab; e: mycophenolate mofetil; f: cyclosporine;

g: etoposide; F: female; M: male.

WBC greater than 20x10°/L (HR=5.80,
95% CI: 1.09-30.92, p=0.040) and
MAS (HR=11.22,95% CI: 3.46-36.38,
p<0.001) were independent prognostic
factors related to death (Table III).

Changing features of AOSD-MAS

The characteristics of the 9 AOSD-
MAS patients are described in Table
IV and Supplementary Table S2. Three
patients had jaundice at onset, and then
2 patients developed jaundice during
MAS onset. Four patients were alive,
and 5 had died. Throughout the entire
treatment of MAS patients, 9 patients
used steroids, and 7 patients used IVIg.
One patient (Patient 3) was treated with
biologic agents. Because of early com-
bination therapy, Patient 3 achieved
remission. Two patients (Patient 2 and
Patient 5) were treated with first-line
therapy. Patient 2 had minimal organ
involvement (anaemia, leukopenia, and
elevated transaminases). Patient 5 died
but received steroid therapy because the
disease progressed rapidly, and steroids
cannot be used with other drugs.
Clinical manifestations such as fever,
rash, arthritis, and sore throat were im-
proved after the treatment of AOSD.
However, when patients had MAS, their
temperature dramatically increased,

even with antipyretic drugs. When
the blood cell count began to change,
transaminase, SF and TGs became
higher than baseline and FBG became
lower, sometimes earlier than changes
in blood cells. In the event of disease
improvement, the transaminase and SF
of the patients decreased. However, two
patients showed a downward trend in
transaminase at the time of death (Fig.
2 and Supplementary Fig. S1).

Discussion

To our knowledge, this is the first study
devoted to analysing the changing fea-
tures of AOSD-MAS indicators, which
can provide help for early AOSD-MAS
warning and avoid MAS-related AOSD
mortality.

Females were more affected by AOSD
than men, and the ratio was similar to
that reported in the study by Zeng et al.,
with 73.8% of patients being female
(24). The median age at baseline was
41 years, whereas that in a previous
study in Shanghai China was 37 years
(24) and that in a Japanese cohort was
32 years (25). In the USA, the median
age was 2lyears (7), and in Canada, the
median age was 24 years (26). Studies
have confirmed that patients of differ-
ent ethnic backgrounds may have dif-
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Fig. 2. Change of clinical characteristics in AOSD-MAS patients. 2A: WBC; 2B: AST; 2C: FBG; 2D: TG; 2E: SF.

ferent clinical and laboratory results.
Japanese and Chinese subjects, are
generally older at disease onset than
subjects from other races (27). These
differences support the hypothesis that
a patient’ genetic background may in-
fluence phenotypic expression (28).
The most common symptoms in our
study were fever, rash, and arthritis,
which were consistent with the typical
triad of AOSD (2). In the study by Zeng
et al. the incidences of fever, rash, and
arthralgia were 100%, 89% and 80.33%
(29). Although patients can experience
joint pain, not all patients develop ar-
thritis. Therefore, the incidence of ar-
thritis is lower than that of arthralgia.

In this study, the incidence of jaundice
was higher in AOSD-MAS patients than
in AOSD-nonMAS patients and a risk
factor for MAS. MAS patients develop
jaundice during the disease course. The
incidence of jaundice was 6/8 (75%) in
MAS patients (30), and AST was higher
in AOSD-MAS patients than in AOSD-
nonMAS patients. Although ALT and
TGs were not significantly different,
they were higher in the AOSD-nonMAS
group than in the AOSD-MAS group.
In a multicentre retrospective study,
there was a significant increase in AST
(337 (185-684) U/L vs. 34 (17-83) U/L,
p<0.001) (9). Some studies showed
differences in splenomegaly, hepato-
megaly, lymphadenopathy, sore throat,
WBCs, RBCs, PLTs, SF and FBG 12,
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20,21), but in our study did not. AOSD-
MAS had fewer unique manifestations
than AOSD-nonMAS at the begin-
ning of the disease. High ferritin level
is characteristic marker of AOSD and
MAS. In our study, 35 AOSD patients
(31.5%) were with the SF >10000ug/L
and 3 AOSD-MAS (33.3% of AOSD-
MAS patients) patients were with the SF
>10000pg/L. A Chinese study revealed
that ferritin >2000ug/L occupied 36.3%
of all AOSD patients (20). SF level in
our study consists hyperferritinemia in
AOSD and MAS. Those studies com-
pared the data at the time of diagnosis
of AOSD, but our data were obtained at
the beginning of admission, earlier than
the time at diagnosis. Jaundice, and el-
evated AST, ALT and TGs were related
to abnormal liver function. Abnormal
liver function is similar to chronic hepa-
titis, so it leads to the above changes (31,
32). Reportedly, the pathologic images
of liver tissue from patients with hae-
mophagocytic syndromes are consistent
with those of chronic persistent hepati-
tis (33). Moreover, this finding suggests
that phagocytes destroy liver cells, so
jaundice can be used as a predictor of
MAS. Some studies have suggested that
hepatomegaly (11), AST greater than
120 U/L and TGs greater than 3 mmol/L
are independent predictors of MAS (9).
An elevated WBC count and MAS were
related to death in our retrospective co-
hort. Five AOSD-MAS patients died,

consistent with the high mortality rates
of MAS (8,11, 12,34). The WBC count
is a sensitive inflammatory marker, and
a significant increase indicates severe
inflammation. Concomitant infection
is associated with increased mortality,
especially on the background of ster-
oids and DMARD:s. Our results showed
that the mortality of MAS was 55.6%,
and the mortality rate ranges from 5%
to 79.6% according to other studies
(11, 16, 20). This difference supports
the hypothesis that a patients’ genetic
background may influence phenotypic
expression (28), especially compared
to western cohort study. The severity
of the disease in different patients also
causes different mortality rate. And the
therapies in different countries are dif-
ferent. The choice of biological agents
in China is far less than that in Western
countries. In our study, patients died
due to MAS, infection and MODS. A
previous study suggested that multi-
organ involvement at the time of diag-
nosis and severe infection were predic-
tive of a severe outcome and increased
mortality (10, 11). Four MAS patients
in this study had a good prognosis, es-
pecially Patient 3 (who received bio-
logic agent therapy), and this was con-
sidered to be closely related to early
detection and early treatment. In MAS,
remission is achieved by combination
immunosuppression. The early use of
high-dose steroids may be successful
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alone, but over half of reported adult
cases are steroid resistant. The immedi-
ate treatment of MAS with 1 g steroid
daily for 3-5 days plus 1 g/kg IVIg for
2 days and biologic agents is recom-
mended (16). AOSD is paralleled by
a marked increase in the serum levels
of pivotal pro-inflammatory cytokines,
IL-1, IL-6, IL-18, and TNF-a.. And the
serum levels of these mediators corre-
late with disease activity. However, due
to the treatment situation in China, we
have no way to choose anti-IL-1 agents
for AOSD patients. According to the
reference, tocilizumab, as an anti-IL-6
agent, has been proven to be effective
in the treatment of AOSD (35, 36). We
thus chose tocilizumab as the treatment
for the patient. It is hoped that effective
biological agents can be applied to our
patients as soon as possible to improve
the survival rate of patients and reduce
complications. At that time, we will
evaluate the efficacy of related drugs
and provide assistance in the selection
and optimisation of treatment options.
AOSD-MAS patients already had se-
vere liver damage when AOSD was di-
agnosed. In order to avoid aggravation
of liver damage, we reduce the use of
hepatotoxic drugs such as methotrexate
and azathioprine when choosing thera-
peutic drugs.

When MAS appears in AOSD, the dis-
ease is rampant. Fever changes from
spiking during AOSD to persistent
high fever, accompanied by abnormal
changes in WBCs, PLTs, transaminase,
SF and TGs suggesting the occurrence
of MAS (20, 37). Patients can fulfil the
classification for MAS even if some
biomarkers are within the normal ref-
erence ranges, which emphasises the
need for close monitoring in trends in
both the clinical status and laboratory
parameters (38). The study showed
that blood cells decreased and SF in-
creased, with corresponding changes in
the early stages of MAS. Some studies
have suggested that changes in blood
cells and SF are sensitive indicators of
AOSD combined with MAS (6, 11,17,
20, 21). High TG levels are secondary
to decreased lipoprotein lipase activ-
ity initiated by increased TNF-a levels
(39). TG levels can be reduced in the
stage of disease control. A previous re-
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port suggested that TGs can be used as
the standard for the diagnosis and judg-
ment of MAS (31).

Severe abnormal liver function is very
common in patients with MAS, and
transaminase is elevated by more than
50% (40). We found that when MAS
was diagnosed or patients died, the
transaminase and SF levels of some
patients showed a downward trend. We
should be aware that these findings are
indicative not of disease improvement,
but rather the opposite levels of biliru-
bin and transaminase. Due to the mas-
sive necrosis of hepatocytes, the pro-
cessing capacity of bilirubin is progres-
sively reduced, resulting in an increase
in bilirubin; moreover, transaminase is
maintained at a high level for a long
time, resulting in progressive depletion
and a decrease in transaminase. This
result indicates disease progression.
We should analyse other data to iden-
tify a patient’s condition and try to de-
tect MAS as soon as possible to control
the disease.

The limitations of this study include 3
aspects. First, relatively few patients
were included because of the short
study period and rarity of these disease.
Second, to achieve a uniform com-
parison standard, we selected only the
laboratory inspection indicators in our
hospital, which may have caused no
significant difference between AOSD
and MAS in the early stage. Third,
some patients did not receive perfect
laboratory examinations at the corre-
sponding collection nodes, and there
was an insufficient number of patients,
so we did not perform a comparison of
different severities of MAS. We plan to
perform such a comparison when ad-
ditional data are collected.

AOSD combined with MAS is a dis-
ease with high mortality. When pa-
tients with AOSD have an unexplained
decreased in blood cells, his/or SF con-
tinues to increase and severe liver dam-
age occur, clinicians should be aware
of the possibility of MAS. When FBG
is reduced and phagocytosis is ob-
served in bone biopsy, the possibility
of MAS should be considered. More
research is needed to enable the early
diagnosis and treatment of this disease
and to benefit more patients.
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