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Abstract

To characterize clinical and laboratory signs of patients with Still’s disease experiencing macrophage activation syndrome
(MAS) and identify factors associated with MAS development. Patients with Still’s disease classified according to internation-
ally accepted criteria were enrolled in the AutoInflammatory Disease Alliance (AIDA) Still’s Disease Registry. Clinical and
laboratory features observed during the inflammatory attack complicated by MAS were included in univariate and multivari-
ate logistic regression analysis to identify factors associated to MAS development. A total of 414 patients with Still’s disease
were included; 39 (9.4%) of them developed MAS during clinical history. At univariate analyses, the following variables
were significantly associated with MAS: classification of arthritis based on the number of joints involved (p =0.003), liver
involvement (p =0.04), hepatomegaly (p =0.02), hepatic failure (p =0.01), axillary lymphadenopathy (p =0.04), pneumo-
nia (p =0.03), acute respiratory distress syndrome (p <0.001), platelet abnormalities (p < 0.001), high serum ferritin levels
(»=0.009), abnormal liver function tests (p =0.009), hypoalbuminemia (p =0.002), increased LDH (p =0.001), and LDH
serum levels (p <0.001). At multivariate analysis, hepatomegaly (OR 8.7, 95% CI 1.9-52.6, p=0.007) and monoarthritis
(OR 15.8,95% CI12.9-97.1, p=0.001), were directly associated with MAS, while the decade of life at Still’s disease onset
(OR 0.6, 95% CI1 0.4-0.9, p=0.045), a normal platelet count (OR 0.1, 95% CI 0.01-0.8, p =0.034) or thrombocytosis (OR
0.01, 95% CI 0.0-0.2, p=0.008) resulted to be protective. Clinical and laboratory factors associated with MAS development
have been identified in a large cohort of patients based on real-life data.
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Introduction

Still’s disease is a rare systemic autoinflammatory polygenic
disorder capable of affecting both adults (adult-onset Still’s
disease, AOSD) and pediatric patients (systemic juvenile
idiopathic arthritis, sJIA) [1, 2]. Noteworthy, increasing
evidence suggests that AOSD and sJIA represent a patho-
logical continuum rather than different clinical entities [3].
Still’s disease recognizes a wide spectrum of non-specific
symptoms and clinical manifestations including fever,
arthralgia (with or without arthritis), skin rash (especially
salmon-pink rash), pharyngodynia, lymphadenopathy,
hepato-splenomegaly, and serositis [4, 5]. Neurological,
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renal, and ophthalmological involvement can rarely occur,
thus worsening clinical outcome and complicating the treat-
ment approach [6]. Common laboratory findings include
neutrophilic leukocytosis, elevated C-reactive protein
(CRP), increased liver enzymes, and high ferritin levels
with low glycosylated ferritin (<20%) [7]. Clinical disease
course includes three significant patterns with a different
distribution and prognosis, consisting of a self-limited or
monophasic pattern, a polycyclic intermittent disease, and
a chronic-articular course [8, 9]. However, more recently, a
dichotomous pattern with a predominant systemic disease
and a predominant articular course has been proposed, with
the former characterized by higher body temperature, ferri-
tin serum levels, liver enzymes and thrombocytosis and the
latter characterized by a more severe articular involvement
[10-12].
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The diagnosis of AOSD is essentially clinical and the
accurate exclusion of mimickers such as malignancies,
infections, and other autoimmune diseases is necessary
to confirm the diagnosis [13]. Classification criteria may
be useful in recognizing Still’s disease, with Yamagu-
chi’s criteria and Fautrel’s criteria being the most fre-
quently employed in adults and the International League
of Associations for Rheumatology (ILAR) criteria and/or
the Pediatric Rheumatology INternational Trials Organi-
zation (PRINTO) criteria used in the pediatric setting
[14-17].

Hyperactivation of monocytes/macrophages might play
central role in the development of macrophage activation
syndrome (MAS), one of the most severe and life-threat-
ing complications of Still’s disease [8, 9]. This complica-
tion has been described in up to 15% of patients with this
disease; the mortality rate ranges between 2.3 and 16%
in such cases [18]. MAS is a secondary hemophagocytic
lymphohistiocytosis (HLH) associated with autoimmune
diseases [19]. As described by different authors, HLH and
MAS are not discrete diseases, but they are the continuum
of hemophagocytic disorders sharing common pathways
of impaired cytotoxicity leading to a “cytokine inflam-
matory storm” [1, 20, 21].

The classification criteria more frequently used for
MAS in Still’s disease have been validated for patients
with sJIA [22]. However, they are commonly used also
for other systemic autoinflammatory diseases. Accord-
ing to this set of criteria, MAS classification may occur
when a febrile patient with known or suspected Still’s
disease shows high serum ferritin (> 684 ng/ml) and at
least two items among decreased platelet count (< 181
x 10°/1), decreased fibrinogen serum levels (<360 mg/
dl), increased aspartate aminotransferase (AST, > 48 U/l),
and increased triglycerides (> 156 mg/dl) [22]. A second
score, defined HScore, has been developed and validated
for the diagnosis of reactive HLH, both in rheumatologic
and non-rheumatologic conditions [23]. It is more fre-
quently used in adult patients. A further set of criteria
developed on behalf of the Histiocytic Society (HLH-
2004) is also used, but it is primarily intended for genetic
forms of HLH [24].

MAS can occur either at the time of diagnosis or later
during patients’ clinical history, but specific defined pre-
dictive factors are lacking or require to be confirmed on
large population studies [19]. Similarly, clinical and labo-
ratory clues capable of simplifying identification of MAS
would also be needed to improve patients’ outcome. On
this basis, the aim of the present study is to characterize
clinical and laboratory signs of patients with Still’s dis-
ease experiencing MAS and to identify factors associated
with MAS development.
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Methods

This cohort study was based on data collected in the Inter-
national AutoInflammatory Disease Alliance (AIDA) Reg-
istry dedicated to Still’s disease [25]. Patients with Still’s
disease, classified according to internationally accepted
criteria (Yamaguchi and/or Fautrel and/or ILAR and/or
PRINTO criteria [14-17]) were enrolled between 2021
June and 2023 January.

The developing of MAS was defined according to the
fulfilment of 2016 MAS criteria and/or the HLH-2004 cri-
teria and/or on the basis of an HScore > 250 (MAS prob-
ability >90%); patients never developing MAS accounted
for the comparison group [22-24].

Demographic data included sex, ethnicity, age at the
Still’s disease onset, diagnostic delay, and Still’s disease
duration. Disease course was defined as monocyclic,
polycyclic, and chronic-articular course [26]; the disease
course remained unknown in patients in whom the course
was already undefined at the last follow-up. Patients were
also stratified in two subgroups based on the age at the
Still’s disease onset: patients with age at onset < 16 years
old were classified as pediatric.

Laboratory variables considered in the analysis were:
erythrocyte sedimentation rate (ESR), CRP, aspartate
aminotransferase (AST), alanine aminotransferase (ALT),
p2-microglobulin, lactate dehydrogenase (LDH), direct and
total bilirubin, gamma-glutamyltransferase (GGT), alkaline
phosphatase (AP). These variables were recorded either
during the attack leading to MAS development or at the
worst episode of Still’s disease (based on the occurrence or
non-occurrence of MAS); they were considered increased in
accordance with each laboratory reference limit.

Hypoalbuminemia was defined as <3.5 g/dl; hypergam-
maglobulinemia (polyclonal gammopathy) was identified as
a broad-based peak or band in the gamma region on serum
protein electrophoresis. Anemia was defined as Hb <12 g/
dl; platelets count > 450,000/mm?> defined thrombocytosis
in adults while >500,000/mm?> defined thrombocytosis in
childhood [27]; platelets count < 150,000/mm?> defined
thrombocytopenia [28]. Abnormal liver function was defined
as the occurrence of increased levels of AST and/or ALT
and/or direct/total bilirubin and/or GGT, and/or AP, while
liver involvement consisted of having abnormal liver func-
tion and/or hepatomegaly (identified by ultrasound and/or
radiological documentations). Referring to the classification
criteria proposed by Yamaguchi et al. [14], hyperferritinemia
was defined as a serum ferritin level higher than 3000 ng/ml
and leukocytosis as a white blood count exceeding 15,000/
mm°.

Diagnosis of pleuritis and/or pneumonia, pericarditis,
and peritonitis was based on ultrasound and/or radiological
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documentations; similarly, lymphadenopathy and spleno-
megaly were confirmed by ultrasound and/or computed
tomography scans.

The occurrence of the following clinical variables refer-
ring to the attack leading to MAS development was also
registered: highest body temperature (°C), skin rash, thoracic
and/or abdominal pain, arthralgia, myalgia, conjunctivitis,
kidney involvement, orchitis, neurologic involvement, and
severe complications including fulminant hepatic failure
and acute respiratory distress syndrome (ARDS). Arthritis
was classified as monoarticular (1 joint), oligoarticular (2—4
joints), and polyarticular (> 35 joints. Still’s disease severity
was assessed according to the systemic scores proposed by
Pouchot et al. [29] and Rau et al. [30].

Statistical analysis

Continuous variables were described as mean and standard
deviation (SD) or as median and interquartile range (IQR),
where appropriate. The Kolmogorov—Smirnov test was used
to determine normality. Categorical variables were reported
as frequencies and percentages. Differences in variables
were compared using the unpaired ¢ test for normally dis-
tributed quantitative data, and the Mann—Whitney test for
non-normally distributed quantitative data. The Chi-squared
test or the Fisher’s exact test were used to analyze associa-
tion between categorical variables. Univariate and multi-
variate logistic regression analyses were used to identify
factors associated with MAS. Univariate logistic regression
analyses were performed to assess the unadjusted associa-
tion between MAS and clinical/laboratory parameters while
stepwise multivariate logistic regression analyses were used
to identify independent factors associated with MAS. The

variables entering the multivariate model were statistically
significant and clinically relevant at univariate analyses
(p <0.05). Only the patients characterized by a good retro-
spective data collection (80% of data correctly inserted into
the AIDA registry) were included in the univariate regres-
sion analysis and in the subsequent multivariate model.
Supplementary table 1 provides demographic, clinical and
laboratory data accounting for independent variables at
univariate and multivariate logistic regression; the MAS
development (yes/no) represented the dependent variable.
The level of significance was 0.05. All statistical analyses
were conducted using STATA 17/MP2 (StataCorp. 2021.
Stata Statistical Software: Release 17. College Station, TX:
StataCorp LLC).

Results

We included 414 patients. Ethnicity was as follows: cauca-
sic (n=344, 83.1%), Arab (n=39, 9.4%), Hispanic (n=18,
4.3%), Africans (n="7, 1.7%), indigenous peoples of South
America (n=3, 0.7%), Asian (n=2, 0.5%), indigenous peo-
ples of North America (n=1, 0.24%). Women represented
59.9% of the study population (n=248) (Table 1).

In the whole cohort, the median disease duration at enroll-
ment was 0.2 year (IQR 0.8, range 0-22). The mean age
at the Still’s disease onset was 32.54 +17.14 years (range
0.8-79.7) with a median diagnostic delay of 0.2 years (IQR
0.8, range 0-22.9) and a female to male (F:M) ratio of 1.47.
Patients had mainly a monocyclic disease course (n =129,
31.2%) followed by a polycyclic course (n=104, 25.1%)
and then chronic-articular courses (n=_86, 20.8%). However,

Table 1 Demographic data
from the study population and
disease course

Study popula- MAS, N=39 Non-MAS, N=375 )4
tion, N=414
Age at Still’s disease onset, yrs, 32.54+17.14 25.26+16.49 33.25+16.75 0.003
Mean+ SD
Diagnostic delay, yrs 0.2 0.2 0.1 0.101
Median (IQ; range) (0.8; 0-22.9) (0.9;0-21.9) (0.2; 0-20.5)
Still’s disease duration, yrs 0.2 0.1 0.2 0.07
Median (IQ; range) (0.8; 0-22) (0.2; 0-20.4) (0.9; 0-22)
Females (N/%) 248/59.9 25/64.1 223/59.5 0.61
Pediatric age onset (V/%) 63/15.2 11/28.2 52/13.9 0.02
Monocyclic course (N/%) 129/31.2 15/38.5 114/30.4 0.3
Polycyclic course (N/%) 104/25.1 13/33.3 91/24.3 0.22
Systemic course (N/%) 233/56.3 28/71.8 205/54.7 0.04
Chronic-articular course (N/%) 86/20.8 3/7.7 83/22.1 0.04
Unknown course (N/%) 95/22.9 8/20.5 87/23.2 0.7

p values refer to comparisons between MAS and non-MAS groups; they were obtained with Mann—Whit-
ney U test for quantitative data and Chi-square test for qualitative data

1Q interquartile range, MAS macrophage activation syndrome, SD standard deviation, yrs years
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the disease course remained still unknown in 22.9% of the
cohort (n=95) owing to the short follow up period.

Patients with age at the Still’s disease onset < 16 years
old represented 15.2% of the study population (n=63, mean
age at diagnosis 10.25 +2 years). A similar sex distribution
occurred in pediatric patients (F:M ratio 1.1), while patients
with age at the disease onset> 16 years old (n=353, mean
age at diagnosis 38.17 + 15 yrs) showed a slightly higher
female prevalence (F:M ratio 1.55).

Both in pediatric and adult patients, comparable preva-
lence occurred for the monocyclic (28.6% vs 31.6%, respec-
tively, p=0.63) and polycyclic (27% vs 24.2%, respectively,
p=0.53) disease course; conversely, the chronic-articular
type was significantly less frequent in the pediatric context
(30.2% in adults vs 19.1% among children, p =0.046). An
unknown Still’s disease course was registered in 14.3%
of pediatric-onset cases and 24.2% of adult-onset cases,
p=0.08).

MAS patients

Patients with MAS represented 9.4% (n=39) of the whole
cohort, with a F:M ratio of 1.8 (Table 1). Thirty-six (92.3%)
patients fulfilled 2016 criteria for MAS [22]; 3 patients ful-
filled the HLH-2004 criteria and/or the HScore criteria [23,
24]. Thirty-six (92.3%) patients developed MAS at the start
of Still’s disease; the remaining 3 (7.7%) patients developed
MAS during a subsequent Still’s disease flare. Most of MAS
patients were Caucasics (n=35, 89.7%); 2 Arabs (5.1%), 1
(2.5%) Hispanic, and 1 (2.5%) indigenous from North Amer-
ica were also observed. The age at Still’s disease onset was
25.26 +16.49 years, with a median diagnostic delay of 0.2 yr
(IQR 0.9, range 0-21.9). None of them died.

Patients with age at the disease onset < 16 y.o. represented
28.2% of the MAS group, with a F:M ratio of 1.5, and a
median age at the disease onset of 10.9 years (IQR 9, range
0.8—16 years); patients with age at the disease onset > 16 y.o.
showed a F:M ratio of 1.8, and a median age at the disease
onset of 30.65 years (IQR 22.1, range 17.3-75.5 years).

Non-MAS patients

Patients with non-MAS were the largest part of the cohort
(n=375, 90.6%) with a F:M ratio of 1.5 (Table 1). Caucasic
ethnicity included 82.4% of this subgroup (n=309). The age
at the disease onset was 33.25 + 16.75 years, with a median
diagnostic delay of 0.1 year (IQR 0.2, range 0-20.5).
Patients with age at the disease onset< 16 y.o. repre-
sented 13.9% of the group with a F:M ratio of 0.96, and a
median age at the disease onset of 9.9 years (IQR 8.1, range
0.8—15.9 years); patients with age at the disease onset> 16
y.o. showed a F:M ratio of 1.6, and a median age at the dis-
ease onset of 34.9 years (IQR 20.8, range 16.1-79.7 years).
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Comparing MAS and non-MAS patients
Clinical features

The Still’s disease onset at age < 16 y.o. resulted signifi-
cantly more frequent in the MAS group compared with
the non-MAS group (p =0.02). Accordingly, the age at
onset resulted lower in MAS than in non-MAS patients
(»p=0.003) (Table 1).

A chronic-articular disease course was significantly
more prevalent in non-MAS group compared with the
MAS group (p =0.04, Table 1). However, in MAS group,
a slightly higher prevalence occurred for a monocyclic dis-
ease course while the polycyclic course was registered in
a similar percentage between MAS and non-MAS groups
(Table 1).

At univariate analyses, performed on patients with com-
plete data insertion (39 patients with MAS and 330 patients
with no MAS history), the following clinical manifesta-
tions were significantly associated with MAS: liver involve-
ment (p=0.04), hepatomegaly (p =0.02), hepatic failure
(p=0.01), and the development of axillary lymphadenopa-
thy (p=0.04). In addition, the development of pneumonia
(p=0.03) and ARDS (p <0.001) were significantly associ-
ated with MAS. Similarly, the identification of scleritis dur-
ing the inflammatory attach was found significantly associ-
ated with MAS development (p =0.003). The mean value
of the highest body temperature reached during attacks was
higher in MAS than in non-MAS patients (p =0.03).

Abdominal pain showed a trend toward a higher fre-
quency in MAS than in non-MAS patients without a sta-
tistically significant difference (see Table 2).

The classification of arthritis based on the number of
joints involved (monoarthritis/oligoarthritis/polyarthritis)
was significantly associated with MAS (p =0.003). In par-
ticular, considering all patients with arthritis, the monoar-
ticular subtype was more present in the MAS group than
in non-MAS group (4/19, 21% vs 8/188, 4.3%, p=0.005);
2 out of the 4 patients with MAS and monoarthritis were
pediatric patients. Joints involved in these cases were the
knee (n=23) and the wrist (n=1). Polyarthritis was more
prevalent in non-MAS than in MAS (106/188, 56.4% vs
6/19, 31.6%, p=0.04). The oligoarthritic subtype recog-
nized a similar distribution between the two groups (9/19,
47.4% in the MAS group vs 74/188, 39.4% in the non-
MAS group, p=0.49) (Fig. 1).

Although the occurrence of serositis (pleuritis and/or
pericarditis, and/or peritonitis) showed a similar preva-
lence in MAS and non-MAS subjects, pleuritis resulted
twofold more frequent than pericarditis in MAS patients;
conversely, pleuritis and pericarditis showed a comparable
occurrence in non-MAS patients (see Table 2).
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Table2 Clinical findings from Clinical features MAS, N=39 Non-MAS, N=375 p value

the study groups
Skin rash, N (%) 25 (64.1) 230 (61.3) 0.74
Splenomegaly, N (%) 11 (28.2) 126 (33.6) 0.49
Liver involvement, N (%) 19 (48.7) 123 (32.8) 0.047
Hepatomegaly, N (%) 16 (41) 86 (22.9) 0.02
Lymphadenopathy, N (%) 25 (64.1) 182 (48.5) 0.065
Pneumonia, N (%) 4(10.3) 17 (4.5) 0.12
Serositis (any site), N (%) 13 (33.3) 102 (27.2) 0.42
Pleuritis, N (%) 8 (20.5) 50 (13.3) 0.22
Pericarditis, N (%) 4(10.3) 50 (13.3) 0.59
Peritonitis, N (%) 1(2.6) 3(0.8) 0.28
Thoracic pain, N (%) 4(10.3) 37 (9.9) 0.94
Abdominal pain, N (%) 10 (25.6) 46 (12.3) 0.06
Arthritis, N (%) 21(53.8) 216 (57.6) 0.65
Myalgia, N (%) 23 (59) 186 (49.6) 0.27
Eye involvement, N (%) 5(12.8) 15 (4) 0.02
Scleritis, N (%) 3(71.7) 0(0) <0.001
Conjunctivitis, N (%) 2(5.1) 11 (3) 0.46
Kidney, N (%) 2(5.1) 7(1.9) 0.18
Orchitis, N (%) 0/0 (0) 3(0.8) 0.58
Neurologic, N (%) 2(5.1) 9(2.4) 0.31
ARDS, N (%) 4(10.3) 1(0.3) <0.001
Fulminant hepatic failure, N (%) 2(5.1) 1(0.3) 0.001
Highest BT, °C; median (IQR) 40 (0.65) 39.5 (1.0) 0.02
Highest BT

>39°C, N (%) 38 (97.4) 317 (84.5) 0.03

p values were obtained with Student’s ¢ test for quantitative data and Chi-square test or Fisher exact test
(according to the sample size and expected frequencies) for qualitative data

ARDS acute respiratory distress syndrome, BT body temperature, /QR interquartile range, MAS mac-

rophage activation syndrome

p=0.04
60 =049 106/188
50 9/19
2 74/188
F 40
,§ E »=0.005 6/19
g E 30
3 4/19
B3 20
10
8/188
. |
Monoarthritis Oligoarthritis Polyarthritis

®MAS group @ Non-MAS group

Fig.1 Types of arthritis in Still’s patients according to the number
of joints involved. Patients with macrophage activation syndrome
(MAS) showed significantly different distributions in the number of
joints involved by arthritis, when compared to patients without MAS.
p values were obtained with the Chi-squared test or the Fisher’s exact
test were according to frequency counts and expected frequencies

The prevalence of other clinical Still’s disease related
manifestation was similar in the two study groups as
described in Table 2.

Laboratory findings

At univariate analysis, the following laboratory param-
eter results were significantly associated with MAS: plate-
let abnormalities (p <0.001), high serum ferritin levels
(p=0.003), abnormal liver function tests (p =0.009)—
especially AST (p=0.002), ALT (p=0.04), total bilirubin
(p=0.049), direct bilirubin (p =0.004)—and hypoalbu-
minemia (p=0.002) (Table 3). Moreover, patients with
increased LDH were prevalent in MAS group than in non-
MAS (p=0.001), while LDH serum levels were higher
among MAS patients than in non-MAS patients (p <0.001)
(Table 3).

Levels of ESR and CRP were not found to discriminate
MAS and non-MAS groups in a significant fashion; simi-
larly, anemia, leukocytosis, the white blood cells count, and
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Table 3 Laboratory findings
from the study groups

Laboratory findings MAS, N=39 Non-MAS, N=375 p value
ESR, mm/h; mean + SD 75.5+294 79.5+32.4 0.43
CRP mg/dl; median (IQR) 16 (20.5) 13.35 (23.175) 0.21
Anemia, N (%) 23 (58.9) 204 (54.4) 0.69
Leukocytosis, N (%) 29 (74.4) 255 (68) 0.58
White blood cell count, cells/mmc; median (IQR) 18,000 (4150) 16,955 (5400) 0.15
Absolute neutrophil count, cells/mmc; median (IQR) 15,662 (5320) 14,434.5 (5782) 0.06
Thrombocytosis, N (%) 309.4) 83 (22.1) 0.04
Normal platelet count, N (%) 20 (51.3) 270 (72) 0.03
Thrombocytopenia, N (%) 16 (41) 22(5.9) <0.001
Abnormal liver function, N (%) 26 (66.7) 153 (40.8) 0.009
Increased AST, N (%) 25 (64.1) 119 (31.7) 0.002
Increased ALT, N (%) 22 (56.4) 120 (32) 0.04
Conjugated hyperbilirubinemia, N (%) 5(12.8) 6(1.6) 0.004
Total hyperbilirubinemia, N (%) 4(10.3) 6 (1.6) 0.049
Hypoalbuminemia, N (%) 21 (53.8) 90 (24) 0.002
Increased ferritin, N (%) 36 (92.3) 318 (84.8) 0.18
Ferritin, ng/ml; median (IQR) 6908 (30,106.5)  1559.5 (5355) 0.003
Increased LDH, N (%) 29 (74.4) 146 (38.9) 0.001
LDH (U/L, mean + SD) 790 (1906.5) 487 (219) <0.001
Hypergammaglobulinemia, N (%) 8 (20.5) 63 (16.8) 0.99
Increased B2-microglobulin, N (%) 5(12.8) 80 (21.3) 0.65

p values were obtained with Student’s ¢ test or Mann—Whitney U test (according to data distribution) for
quantitative data and Chi-square test for qualitative data

ALT alanine aminotransferase, AST aspartate aminotransferase, CRP C-reactive protein, ESR erythrocyte
sedimentation rate, /QR interquartile range, LDH lactate dehydrogenase, MAS macrophage activation syn-

drome, SD standard deviation

the absolute neutrophil count were comparable between the
two groups (Table 3).

Multivariate analysis

After the stepwise procedure, the variables that resulted sta-
tistically significant were hepatomegaly (OR 8.7, 95% CI
1.9-52.6, p=0.007) and monoarthritis (OR: 15.8, 95% CI
2.9-97.1, p=0.001), that were directly associated with MAS
development. The age at Still’s disease onset (OR 0.6, 95%
CI0.4-0.9, p=0.045, the OR indicates the risk for a 10-year
increment of age), a normal platelet count (OR 0.1, 95% CI
0.01-0.8, p=0.034) and the presence of thrombocytosis (OR
0.02, 95% CI 0.0-0.2, p=0.008) were inversely associated
with MAS development (Fig. 2).

Clinical severity scores

The median value of the systemic score for Still’s disease
severity was 6 (IQR =3) in the MAS group and 6 (IQR=2)
in the non-MAS group according to Pouchot et al.; it was
significantly higher in the MAS group (p =0.01). The same
result occurred by analyzing clinical manifestations using
the systemic score modified by Rau et al., whose median
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value resulted to be 6 (3) in the MAS group and 5 (3) in the
non-MAS group; it was significantly higher in the former
group (p=0.004) (Fig. 3). A systemic Pouchot score >7 was
significantly more frequent among MAS patients than in
non-MAS patients (12/39 versus 60/357 patients, p=0.02);
conversely, the systemic score by Rau et al. was not sig-
nificantly different among groups (13/39 versus 82/357,
p=0.11).

Discussion

The lack of clinical and reliable clues to early and effective
detection of MAS often concur to the inadequate treatment
and to the poor outcome for this disorder [31, 32]. We sug-
gest here defined clinical indicators capable of associat-
ing with MAS development in Still’s disease and useful at
improving the early detection of this life-threatening compli-
cation. In particular, the number of joints involved by arthri-
tis, the occurrence of liver involvement, pneumonia, ARDS,
and axillary lymphadenopathy appear associated with MAS
development, along with the identification of thrombocyto-
penia, hyperferritinemia, hypoalbuminemia, increased LDH,
and abnormal liver function tests.
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Variables OR

Age at onset 0.629 (0.400-0.989) —a—

Hepatomegaly 8.748 (1.989-52 560) —_—
Monoarthritis 15.800 (2.935-97.055) —_—

Platelet count — Normal 0.104 (0.011-0.824)

Platelet count - Thrombocytosis 0.016 (0.001-0.243)

I
0.001

Fig.2 Results of multivariate logistic regression analysis. Odds
Ratios and 95% confidence interval of variables significantly associ-
ated with MAS development; x-axis was represented with logarith-
mic scale to facilitate graphical description. As noted, patients with a
normal platelet count or even more with thrombocytosis have a lower
probability to develop MAS; similarly, this probability decreases
along with the increase of the age at the time of disease onset, pro-

124
p=0.01
104 .
L
g o
]
©
D 6
-
o
E<
S
o 4
o
2
No Yes
MAS

MAS B8 No B3 Yes

Fig.3 Systemic scores for Still’s disease severity. Patients with mac-
rophage activation syndrome (MAS) reported significantly higher
Pouchot et al. score [29] and Rau et al. score [30], compared to the
non-MAS group, as represented in A and B, respectively. p values

In particular, the presence of hepatomegaly and mono-
arthritis have shown to be associated with the development
of MAS. The association with monoarthritis confirms the
higher frequency of MAS among patients with the systemic
course rather than among subjects with the chronic-articular

—r 1 1 1. 1 1t r 1111711
0.004 0016 0062 0250 1e+00 4e+00 2e+01 6e+01

vided as decades of life at the time of disease onset. On the contrary,
patients with monoarthritis and hepatomegaly are more prone to
develop MAS. The figure represents the outcome of a stepwise mul-
tivariate logistic regression analysis. Forty non-MAS patients charac-
terized by an inadequate retrospective data collection (less than 80%
of data required) were not considered for regression analysis

p=0.004

Rau et al. score

No
MAS

MAS * No — Yes

were obtained using the Mann—Whitney test for non-normally dis-
tributed continuous data. The lower whiskers correspond to 1.5 times
the first quartile; the upper whiskers correspond to 1.5 times the third
quartile

disease, which is typically characterized by a more promi-
nent articular involvement.

Patients with a normal platelet count or even more with
thrombocytosis have a lower probability to develop MAS,
as observed at multivariate analysis. Similarly, an older age
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at disease onset results protective for MAS, with a reduction
of the risk as the patients’ age increases at the start of symp-
toms. To further support this finding, a significantly higher
prevalence of pediatric patients results in the MAS group
compared with the non-MAS group, while age at onset was
lower in MAS than in non-MAS patients. These results are
clinically relevant, as the age at Still’s disease onset may
occur at any age and the risk for MAS development reduces
as the decades of life increase at the onset of Still’s disease.

The lower prevalence of the chronic-articular disease
course in MAS patients reflects the well-known features
of the systemic type, which is characterized by a more
pronounced cytokine storm-induced inflammation [33].
Consequently, our findings confirm that MAS arises more
frequently in patients with a more prominent inflammatory
phenotype. Polyarthritis was more prevalent in Still’s disease
patients who do not develop MAS. This is in accordance
with the lower frequency of MAS among patients with the
chronic-articular disease course and the lower inflammatory
burden observed in this type of disease [33, 34]. This also
corroborates the protective role of increasing age against
MAS development, as the chronic-articular Still’s disease
course was significantly more frequent among patients with
adult disease onset.

At univariate analyses, the present study defines liver
involvement and the occurrence of axillary lymphade-
nopathy as clinical manifestations significantly associated
with MAS development. These clues agree with findings
observed in previous studies [35, 36]. In particular, strong
associations have already been found between liver involve-
ment and ferritin serum levels, which may act as a patho-
genic protein contributing to the development of a self-per-
petuating cytokine storm [37, 38]. Therefore, patients with
liver involvement might indicate exaggerated inflammatory
responses in Still’s disease patients [39]. Previous studies
also described that Still’s disease patients with MAS are
more likely to have hepatomegaly than Still’s disease with-
out MAS and that patients with liver involvement have an
almost sixfold higher risk of MAS [35, 40]. Noteworthy,
MAS as HLH can present with wide range of hepatic dys-
function ranging from mild abnormalities of transaminases
to liver failure. Particularly, MAS patients with liver failure
might experience ARDS and/or respiratory failure due to
pneumonia [41, 42]. In this regard, lung involvement has
been recognized as an emergent cause of mortality and a
marker of poor prognosis in Still’s disease [43]; also, it has
been found associated with MAS and seems to define a dis-
tinct clinical and immunologic pattern in such cases [44].
The present work corroborates all these observations.

Pleuritis and pericarditis represent relevant features for
Still’s disease [45]. Our data show that pleuritis is twofold
frequent than pericarditis in Still’s disease patients devel-
oping MAS. This is in agreement with previously reported

@ Springer

evidence supporting that Still’s disease patients with pleuri-
tis also experience a higher frequency of disseminated intra-
vascular coagulation and MAS [46]. Furthermore, patients
with Still’s disease and serosal involvement have proved to
be more likely to develop MAS [36, 47].

Concerning laboratory investigations, our results docu-
ment that thrombocytopenia, elevated serum ferritin, LDH
levels, abnormal liver function—in particular AST, ALT,
total bilirubin, direct bilirubin, and hypoalbuminemia—
are significantly associated with MAS. Moreover, patients
with increased LDH are more prevalent in the MAS group
than in non-MAS group. These findings support previous
data about the role of laboratory investigations in identify-
ing patients with MAS. In particular, dynamic changes in
some laboratory data, especially platelet count, were found
to differentiate MAS from flare-ups of autoimmune diseases,
while changes in liver enzymes levels, high ferritin levels
and white blood cells may enhance an early diagnosis of
MAS [48, 49]. Accordingly, a recent study aimed at identify-
ing valuable serum laboratory markers reflecting MAS dis-
ease activity documented that significant changes in platelet
count, LDH levels, and D-dimers accounted for the most val-
uable indicators of MAS in patients with systemic JIA [50].
Other authors documented that extremely elevated serum
LDH levels represented useful diagnostic markers for MAS
along with moderate to severe lymphopenia [51]. Similarly,
the levels of AST, LDH, and platelet count resulted to be
associated with a poor prognosis in patients with rheumatic
diseases and MAS, including those with Still’s disease [52].

Both the systemic Pouchot score [29] and the modified
systemic score by Rau et al. [30], used to assess disease
severity, have proved to be significantly higher in the MAS
group compared with non-MAS patients. In this regard, the
systemic score values by Pouchot et al. had already been
found to be significantly higher in patients developing MAS
[35]. The present study confirms the usefulness of the sys-
temic score by Pouchot et al. as clinical tool to be used in
patients with suspected MAS. In addition, our results indi-
cate that the systemic score modified by Rau et al. may have
a similar role in warning physicians to the possible develop-
ment of MAS. Noteworthy, a Pouchot score higher than 7
was significantly more frequent in the MAS group than in
non-MAS patients, confirming the capability of this cut-off
in recognizing patients at higher risk of death [53].

Limitations of the study include the retrospective design
and the relatively small number of patients developing
MAS. Diagnostic criteria for MAS in Still’s disease used
in this study have not been validated for adult patients with
Still’s disease [22]. Nevertheless, they are generally used
for patients with autoinflammatory diseases and suspected
MAS. Also, data from pediatric patients were meshed with
those referring to adult patients. In this regard, the age at
disease onset appears to be a variable associated with MAS
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development rather than a confounding factor, and this was
strongly highlighted by combining pediatric-onset patients
with adults.

Of note, the lack of deaths could be related to a better
management and an earliest recognition of MAS in recent
times compared with what recorded in previous decades
[18]; however, it could also conceal a selection bias, as
investigators may have omitted the recruitment of deceased
patients. If so, the power of factors identified in this study
in recognizing the most severe MAS patients could be par-
tially affected and future studies should evaluate whether the
results achieved in this study are superimposed on those that
will be obtained from patients with fatal MAS. However,
based on real-life data reflecting the daily clinical practice,
this study largely confirms the findings previously obtained
from smaller cohorts of patients. It thus provides the clinical
and laboratory clues to take into account when dealing with
Still’s disease patients suspected to complicate with MAS.

In conclusion, the risk of developing MAS is higher
among pediatric patients. Subjects with systemic disease
course, monoarthritis, liver involvement, pneumonia, ARDS
and axillary lymphadenopathy are more likely to develop
MAS; this probability is lower among patients with polyar-
thritis and chronic-articular disease course. Thrombocyto-
penia, abnormalities in liver function tests, serum ferritin
levels, LDH, and hypoalbuminemia represent laboratory
findings to be primarily considered for early detection of
patients developing MAS.
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