
The Journal of Rheumatology 

Italiano di Ricerca in Reumatologia Clinica e Sperimentale Cohort
Disease: Analysis of Survival Rates and Predictive Factors in the Gruppo 
Macrophage Activation Syndrome in Patients Affected by Adult-onset Still

and Gabriele Valentini
Daniela Grembiale, Federico Perosa, Lorenzo Emmi, Giovanni Triolo, Roberto Giacomelli 
Piero Ruscitti, Daniela Iacono, Francesco Ciccia, Giacomo Emmi, Paola Cipriani, Rosa

 http://www.jrheum.org/content/early/2018/04/09/jrheum.170955
DOI: 10.3899/jrheum.170955

 http://www.jrheum.org/alerts   
1. Sign up for TOCs and other alerts 

 http://jrheum.com/faq   
2. Information on Subscriptions 

 http://jrheum.com/reprints_permissions   
3. Information on permissions/orders of reprints 

in rheumatology and related fields. 
Silverman featuring research articles on clinical subjects from scientists working 

 is a monthly international serial edited by Earl D.The Journal of Rheumatology

 Rheumatology
The Journal of on April 17, 2018 - Published by www.jrheum.orgDownloaded from 

 Rheumatology
The Journal of on April 17, 2018 - Published by www.jrheum.orgDownloaded from 

http://www.jrheum.org/content/early/2018/04/09/jrheum.170955
http://www.jrheum.org/alerts/
http://jrheum.com/faq
http://jrheum.com/reprints_permissions
http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/
http://www.jrheum.org/


1Ruscitti, et al: MAS development in AOSD

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2018. All rights reserved.

Macrophage Activation Syndrome in Patients Affected
by Adult-onset Still Disease: Analysis of Survival Rates
and Predictive Factors in the Gruppo Italiano di Ricerca
in Reumatologia Clinica e Sperimentale Cohort
Piero Ruscitti, Daniela Iacono, Francesco Ciccia, Giacomo Emmi, Paola Cipriani, 
Rosa Daniela Grembiale, Federico Perosa, Lorenzo Emmi, Giovanni Triolo, 
Roberto Giacomelli, and Gabriele Valentini

ABSTRACT. Objective. Macrophage activation syndrome (MAS) is a reactive form of hemophagocytic lympho-
histiocytosis, which can complicate adult-onset Still disease (AOSD). We investigated AOSD clinical
features at the time of diagnosis, to assess predictors of MAS occurrence. Further, we analyzed the
outcomes of patients with AOSD who experience MAS.
Methods. Patients with AOSD admitted to any Gruppo Italiano di Ricerca in Reumatologia Clinica e
Sperimentale center were retrospectively analyzed for features typical of AOSD, MAS occurrence,
and their survival rate. 
Results. Of 119 patients with AOSD, 17 experienced MAS (12 at admission and 5 during followup).
Twelve patients with MAS at first admission differed from the remaining 107 in prevalence of
lymphadenopathy and liver involvement at the time of diagnosis. In addition, serum ferritin levels
and systemic score values were significantly higher in the patients presenting with MAS. At the time
of diagnosis, the 5 patients who developed MAS differed from the remaining 102 in the prevalence
of abdominal pain, and they showed increased systemic score values. In the multivariate analysis,
lymphadenopathy (OR 7.22, 95% CI 1.49–34.97, p = 0.014) and abdominal pain (OR 4.36, 95% CI
1.24–15.39, p = 0.022) were predictive of MAS occurrence. Finally, MAS occurrence significantly
reduced the survival rate of patients with AOSD (p < 0.0001).
Conclusion. MAS occurrence significantly reduced the survival rate in patients with AOSD. Patients
with MAS at baseline presented an increased prevalence of lymphadenopathy and liver involvement,
as well as high serum ferritin levels and systemic score values. The presence of lymphadenopathy
and abdominal pain was associated with MAS occurrence. (J Rheumatol First Release April 15 2018;
doi:10.3899/jrheum.170955) 
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Adult-onset Still disease (AOSD) is a rare inflammatory
disease affecting young adults, characterized by high spiking
fevers, arthritis, and severe multivisceral involvement
requiring immunosuppressive treatments1,2,3,4,5,6. Other usual
clinical features include sore throat, elevated liver enzymes,
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lymphadenopathy, hepatosplenomegaly, and serositis7,8.
During AOSD, laboratory tests show high levels of both
erythrocyte sedimentation rate (ESR) and C-reactive protein
(CRP), as well as of serum ferritin9,10. Patients with AOSD
may experience severe complications such as macrophage
activation syndrome (MAS), thrombotic thrombocytopenic
purpura, and respiratory distress syndrome, leading to a
decreased life expectancy11,12. MAS is defined as a reactive
form of hemophagocytic lymphohistiocytosis, complicating
different rheumatic diseases, mainly systemic-onset juvenile
idiopathic arthritis, in which it is a major cause of mortality12.
In patients with AOSD, MAS triggering factors are infec-
tions, drugs, and flares of underlying diseases, leading to a
massive and uncontrollable production/release of cytokines
from the immune system13,14. MAS clinical features include
continuous high fever, hepatosplenomegaly, and histopatho-
logical evidence of hemophagocytes by activated macro -
phages, typically in bone marrow (BM)13,14. This syndrome
is one of the most critical clinical disorders in adults, evolving
into multiple organ failure and showing unfavorable
outcomes in a large percentage of patients15. In MAS, high
levels of inflammatory markers and serum ferritin may be
observed13,14,15. In previous years, a possible pathogenic role
of hyperferritinemia in these patients has been proposed16,17. 
    Although MAS is one of the leading causes of mortality
in patients with AOSD, there are only a few studies that have
tried to elucidate possible predictive factors of its devel-
opment; these studies were mainly derived from single-center
cohorts and based on a limited number of patients18,19,20. We
aimed to investigate those AOSD clinical characteristics at
the time of diagnosis that may be considered predictive for
MAS occurrence, and to understand whether this compli-
cation may be associated with a worse outcome.

MATERIALS AND METHODS
Study design and patients. In our study, we analyzed clinical features and
outcome in a multicenter Gruppo Italiano di Ricerca in Reumatologia Clinica
e Sperimentale cohort of patients with AOSD. We performed a retrospective
analysis of patients prospectively followed in tertiary Rheumatologic or Rare
Diseases centers between January 2001 and December 2016. At baseline and
during the followup, each patient was investigated for occurrence of MAS. 
      The local ethics committee approved the study protocol (ASL1
Avezzano-Sulmona-L’Aquila, protocol no. 0139815/16) and it has been
performed according to the Good Clinical Practice guidelines and the
Declaration of Helsinki.
Definition of cases. To be included in the analysis, all patients with AOSD
had to fulfill the diagnostic criteria proposed by Yamaguchi, et al21. MAS
diagnosis was defined according to the diagnostic criteria proposed by the
Histiocyte Society22,23, and/or by Fardet, et al24, and/or Batu, et al25 for the
assessment of MAS in rheumatic diseases. First, the assessment at baseline
excluded potential mimickers, including infections, cancers, and other
autoimmune or autoinflammatory diseases. We excluded infections by blood
cultures, and in patients with MAS, BM cultures, serology and PCR
analyses, chest radiographs, and abdominal echography. We evaluated
possible differential diagnoses with malignancies by chest radiographs and
abdominal echography, and blood samples. Despite these examinations, in
the case of further suspicion of malignancy, we used computed tomography
(CT) and/or positron emission tomography/CT. For patients with possible

hematologic cancers, we also performed BM examination and lymph node
biopsy. Autoimmune diseases were excluded by blood tests, antinuclear
antibodies, anticitrullinated peptide antibodies, rheumatoid factor, and
antineutrophil cytoplasmic antibodies; additionally, for the exclusion of
systemic vasculitides, we included tissue biopsy and arteriography in our
investigation. Finally, we evaluated possible differential diagnoses with
autoinflammatory diseases by the execution of gene analyses and clinical
evaluation. 
Clinical assessment. The presence of the following clinical features at the
time of diagnosis were recorded: spiking or continuous fever, typical rash,
arthralgia or arthritis, myalgia, lymphadenopathy, sore throat, splenomegaly,
hepatomegaly or abnormal liver function tests, abdominal pain, sore throat,
weight loss, and gastrointestinal symptoms. The diagnosis of pleural effusion
or pleuritis, and lung parenchymal involvement was made by a chest
radiograph or CT scan. After clinical examinations and chest radiographs,
patients with clinical suspicion of pericarditis underwent echocardiography.
Taking these features together, each patient was also assessed for the
systemic score proposed by Pouchot, et al for AOSD26. This score assigns
1 point to each of 12 manifestations: fever, typical rash, pleuritis, pneumonia,
pericarditis, hepatomegaly or abnormal liver function tests, splenomegaly,
lymphadenopathy, leukocytosis > 15,000/mm3, sore throat, myalgia, and
abdominal pain (max score: 12 points). ESR, CRP, and serum ferritin levels
were also registered. The presence of comorbidities was investigated at the
time of first observation, defined as coexisting medical conditions that were
distinct from the principal diagnosis for which the patient was enrolled in
our study.
      The therapeutic strategies were recorded. Treatment regimens used at
the time of diagnosis and during followup were categorized into 4 groups,
based on the treatment regimen administered to the patient for the longest
time period: (1) low/medium dose of steroids: ≤ 0.5 mg/kg/day of
prednisone; (2) high dose of steroids: > 0.5 mg/kg/day of prednisone; (3)
combination therapy with steroids + synthetic disease-modifying
antirheumatic drugs (sDMARD); and (4) steroids + biologic drugs ±
sDMARD. 
      According to the disease course at the last scheduled visit, patients were
divided into 4 groups as described by Cush, et al27: 3 clinical patterns
(monocyclic, polycyclic, chronic) and death. A monocyclic course was
defined as a single episode for > 2 months but < 1 year, followed by
sustained remission through the entire followup period. A polycyclic course
was characterized by recurrent systemic flares with remission between flares.
A chronic course was defined as ≥ 1 episode of persistent symptoms lasting
> 1 year. Patients who were diagnosed with AOSD and who died during
followup were placed in the death group. AOSD-related death was defined
as death associated with AOSD or its complications during the followup. 
      In addition, at the time of diagnosis and during followup, each patient
was assessed for the presence of AOSD-related complications including
MAS, thrombotic thrombocytopenic purpura, thrombotic microangiopathy,
disseminated intravascular coagulopathy, respiratory distress syndrome,
diffuse alveolar hemorrhage, pulmonary arterial hypertension, myocarditis,
tamponade, constrictive pericarditis, endocarditis, shock, multiple organ
failure, fulminant hepatitis, and amyloidosis, as suggested by available liter-
ature28.
Statistical analysis. An observational design was set to provide a risk model
profile for patients with MAS. The presence of the following clinical features
was recorded and progressively added to the analyses: fever, typical rash,
pleuritis, pneumonia, pericarditis, hepatomegaly or abnormal liver function
tests, splenomegaly, lymphadenopathy, leukocytosis > 15,000/mm3, sore
throat, myalgia and abdominal pain, systemic score, ESR, CRP, and serum
ferritin levels. Therapeutic strategies were also analyzed. The preliminary
statistical analysis provided descriptive statistics. Continuous variables that
were normally distributed were expressed as mean ± SD, whereas continuous
variables that were not normally distributed were expressed as median
(interquartile range; IQR). To compare the clinical characteristics between
patients who had MAS at first admission or who developed it during
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followup with the remaining patients, the T test was used for all the
continuous variables that were normally distributed, whereas Mann-Whitney
U Test was used for those not normally distributed. The chi-squared test was
used for all the categorical variables. Bonferroni correction was systemati-
cally applied to counteract the problem of multiple comparisons; thus, statis-
tical significance for these multiple comparisons was expressed by p value
< 0.005. 
      Receiver-operating characteristic (ROC) curves were performed to
evaluate the possible role of serum ferritin and systemic scores in character-
izing patients with MAS at the first admission or those who developed it
during followup. The best cutoff for ROC curves was calculated with the
Youden’s index. Regression analyses were performed assessing the statistical
significance of possible clinical and laboratory associations on the likelihood
of MAS occurrence. The purposeful selection process of covariates started
by a univariate analysis of each variable; any variable having a significant
univariate test was selected as a possible candidate for the multivariate
analysis. Conversely, covariates were removed from the model if they were
nonsignificant. At the end of this multistep process of deleting and refitting,
the multivariate model was built, and OR estimations of significant associ-
ations with MAS were provided. Finally, Kaplan-Meier curves were plotted
to determine the rates of survival of patients with AOSD who developed
MAS when compared with patients who did not develop MAS. The
difference between curves was determined by the log-rank (Mantel-Cox)
test.
      Because of the relatively simple design of our study, we had a very low
percentage of missing data; patients were removed from the study if they

had missing values that were meaningful for analysis. The Statistics Package
for Social Sciences (SPSS version 17.0, SPSS Inc.) was used for all analyses.

RESULTS
Clinical characteristics of the evaluated patients at time of
diagnosis. Table 1 and Table 2 list the demographic and
clinical features of the 119 investigated patients [71 men, 48
women, age at diagnosis: median 44 (range 18–79)].
Originally, 123 patients were assessed, but 4 patients were
not included in the study because of missing values that were
meaningful for analysis. Briefly, all 119 evaluated patients
experienced fever (100%), 104 patients (87.4%) showed joint
involvement, 90 patients displayed rash (75.6%), 72 patients
(60.5%) hepatic involvement, and 85 patients (71.4%)
splenomegaly. The systemic score resulted in a median of 6
(IQR 5.0–7.0). In our cohort, a marked increase of inflam-
matory markers at the time of diagnosis was observed: serum
ferritin levels 1200 ng/ml (727.5–29,500); ESR 69.9 ± 26.2
mm/h; and CRP 50 mg/l (20.0–120.0). We found that at the
time of diagnosis, 38 patients (31.9%) presented with ≥ 1
comorbidity. In fact, 24 patients were affected by systemic
arterial hypertension, 10 by dyslipidemia, 10 by thyroid
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Table 1. Comparison of clinical features between patients with and without MAS, at the time of diagnosis. Values
are n (%) or mean ± SD unless otherwise specified.

Characteristics                                                          Without MAS              Presenting with MAS            p*

Women (men), n                                                             42 (65)                                 6 (6)                       0.472
Age, yrs                                                                       44.8 ± 15.9                         45.1 ± 17.7                  0.677
Clinical features

Fever                                                                      107 (100)                            12 (100)                        –
Arthritis                                                                   94 (87.8)                            10 (83.3)                    0.655
Myalgia                                                                   64 (59.8)                               9 (75)                      0.306
Rash                                                                        81 (75.7)                               9 (75)                      0.957
Splenomegaly                                                         74 (69.1)                            11 (91.6)                    0.102
Liver involvement                                                    61 (57)                              11 (91.6)                     0.02
Lymphadenopathy                                                  54 (50.4)                            10 (83.3)                    0.026
Sore throat                                                              60 (56.1)                            10 (83.3)                    0.069
Lung involvement                                                   13 (12.1)                             2 (16.6)                     0.655
Pericarditis                                                              18 (16.8)                               3 (25)                      0.481
Pleurisy                                                                   15 (14.0)                             5 (41.7)                     0.083
Abdominal pain                                                      16 (14.9)                             4 (33.3)                     0.106
Weight loss                                                               2 (1.9)                               5 (41.7)                  < 0.0001
Systemic score, median (IQR)                              5 (4.0–7.0)                         8 (6.2–8.7)                  0.002
Comorbidities                                                         32 (29.9)                               6 (50)                      0.330

Laboratory markers
Leukocytosis > 15,000/mm3                                   49 (45.8)                             5 (41.7)                     0.785
Serum ferritin, ng/ml, median (IQR)            1120 (647.0–2393.5)        3510 (1586.2–7444.0)         0.001
ESR, mm/h                                                            69.5 ± 25.9                         74.5 ± 30.3                  0.525
CRP, mg/l, median (IQR)                                  51 [19.7–119.0]                 45 [18.7–114.0]              0.261
Therapeutic strategies
Low-dose steroid monotherapy                                7 (6.5)                                     0                          0.361
High-dose steroid monotherapy                             41 (38.3)                             5 (41.7)                     0.821
Combination therapy, steroids + sDMARD           29 (27.1)                             5 (41.7)                     0.290
Combination therapy, steroids + biologics 

± sDMARD                                                        30 (28.1)                             2 (16.6)                     0.400

* Statistical significance was expressed by p value < 0.005. Values in bold face indicate statistically significant
results. MAS: macrophage activation syndrome; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein;
sDMARD: synthetic disease-modifying antirheumatic drugs; IQR: interquartile range.
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disease, 10 by type 2 diabetes, 4 by ischemic cardiomy-
opathy, and 2 by atrial fibrillation.
    Seven patients (5.9%) were treated or were being treated
at admission with low-dose steroid monotherapy (≤ 5 mg/d),
46 (38.6%) with high-dose steroid monotherapy, 34 (28.6%)
with combination therapy steroids + sDMARD, and 32
(26.9%) with combination therapy steroids + biologic drugs
± sDMARD. Analyzing sDMARD-treated patients, we
observed that cyclosporine and methotrexate were adminis-
tered, whereas no patient was treated with cytotoxic drugs
such as etoposide.
MAS occurrence: presence at the time of diagnosis or devel-
opment during the followup. In our study, we reported that
17 patients had MAS triggered by disease flare and/or severe
infections. All patients with MAS underwent BM aspirate
and/or biopsy. Peripheral blood cytopenia, liver abnormal-
ities, and high levels of triglycerides during the full-blown
syndrome were observed in these patients (white blood cell
count 5.36 ± 2.46 103/ml, platelet count 65.32 ± 36.27
103/ml, red blood cell count 3.73 ± 1.18 103/ml, hemoglobin
7.89 ± 2.01 g/dl, triglycerides 213.12 ± 64.56 mg/dl, aspartate

aminotransferase 82.24 ± 16.87 IU/l, and alanine aminotrans-
ferase 164.36 ± 54.31 IU/l).
    Twelve out of the 119 patients presented with definite
MAS at first admission to their respective center. Clinical and
laboratory features of these patients presenting with MAS are
listed in Table 1. The serum ferritin levels were significantly
higher in patients presenting with MAS when compared with
those without MAS at the time of diagnosis [3510 ng/ml
(1586.2–7444.0) vs 1120 ng/ml (647.0–2393.5), respectively,
p = 0.001]. Similarly, the values of systemic score were
significantly higher in patients presenting with MAS [8
(6.2–8.7) vs 5 (4.0 – 7.0), respectively, p = 0.002]. Using
ROC analyses, serum ferritin ≥ 1320.5 ng/ml identified
patients with MAS at admission, with a sensitivity of 91%
and a specificity of 60%, whereas a systemic score ≥ 6.5
identified patients with MAS at admission with a sensitivity
of 75% and a specificity of 68%.
    Six patients developed AOSD-related complications
during followup. Specifically, 1 patient developed myo -
carditis, whereas 5 patients developed MAS. Clinical and
laboratory features during followup of patients without MAS
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Table 2. Baseline clinical features comparison between patients with and without MAS during the followup. Values
are n (%) or mean ± SD unless otherwise specified.

Characteristics                                                     Without MAS              Developing MAS                 p*

Women (men), n                                                       41 (61)                              1 (4)                         0.367
Age, yrs                                                                 44.2 ± 15.7                     57.0 ± 18.4                    0.080
Clinical features

Fever                                                                 102 (100)                          5 (100)                          –
Arthritis                                                             91 (89.2)                           3 (60)                        0.051
Myalgia                                                             59 (57.8)                          5 (100)                       0.060
Rash                                                                   78 (76.5)                           3 (60)                        0.402
Splenomegaly                                                    69 (67.6)                          5 (100)                       0.126
Liver involvement                                             57 (55.9)                           4 (80)                        0.288
Lymphadenopathy                                             48 (47.1)                          5 (100)                       0.021
Sore throat                                                         55 (53.9)                          5 (100)                       0.043
Lung involvement                                             11 (10.8)                           2 (40)                        0.051
Pericarditis                                                         16 (15.7)                           2 (40)                        0.156
Pleurisy                                                              14 (13.7)                           1 (20)                        0.693
Abdominal pain                                                 13 (12.7)                           3 (60)                        0.004
Weight loss                                                          2 (1.9)                                 0                            0.569
Systemic score, median (IQR)                            5 (4–7)                          8 (7–9.5)                     0.003
Comorbidities                                                    30 (30.6)                           2 (40)                        0.299

Laboratory markers
Leukocytosis > 15,000/mm3                                       48 (47.1)                           1 (20)                        0.236
Serum ferritin, ng/ml, median (IQR)       1090 (623.0–2000.0)     4453 (1515.0–8441.0)           0.013
ESR, mm/h                                                      69.2 ± 25.5                     75.4 ± 34.8                    0.602
CRP, mg/l, median (IQR)                             90 (20.0–110.0)             120 (40.0–180.0)               0.082
Therapeutic strategies
Low-dose steroid monotherapy                           7 (6.9)                                 0                            0.545
High-dose steroid monotherapy                        39 (38.2)                           2 (40)                        0.937
Combination therapy, steroids + sDMARD      28 (27.4)                           1 (20)                        0.714
Combination therapy, steroids + biologics 

± sDMARD                                                  28 (27.4)                           2 (40)                        0.542

* Statistical significance was expressed by p value < 0.005. Values in bold face indicate statistically significant
results. MAS: macrophage activation syndrome; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein;
sDMARD: synthetic disease-modifying antirheumatic drugs; IQR: interquartile range.
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or who developed MAS are listed in Table 2. At the time of
diagnosis, the 5 patients who developed MAS during
followup differed from the remaining 102 by the prevalence
of abdominal pain (p = 0.004). In patients who developed
MAS during followup, the serum ferritin levels at the time
of diagnosis were higher than in patients who did not develop
this complication [4453 ng/ml (1515.0–8441.0) vs 1090
ng/ml (623.0–2000.0), respectively]. Similarly, the systemic
scores at the time of diagnosis were higher in patients who
developed MAS versus those without it [8 (7.0–9.5) vs 5
(4.0– 7.0), p = 0.003]. ROC analyses determined that the best
serum ferritin level cutoff that discriminated patients who
developed MAS from those who did not was 1484.5 ng/ml
(sensitivity 80%, specificity 63%) and the best systemic score
cutoff was ≥ 7.5 (sensitivity 80%, specificity 83%). 
Predictive factors of MAS occurrence. Regression analyses
were performed assessing the statistical significance of
possible clinical and laboratory associations on the likelihood
of MAS occurrence (Table 3). Because of the rarity of the
disease and the relatively low number of patients experi-
encing MAS in our cohort, patients showing MAS at first
observation and patients who developed MAS during
followup were analyzed together in our analysis, which

aimed to evaluate predictive factors of MAS occurrence. In
univariate analyses, evidence of these factors was signifi-
cantly associated with MAS occurrence: liver involvement
(OR 5.92, 95% CI 1.29–27.24, p = 0.022), lymphadenopathy
(OR 8.43, 95% CI 1.83–38.80, p = 0.006), sore throat (OR
6.41, 95% CI 1.39–29.49, p = 0.017), and abdominal pain
(OR 4.79, 95% CI 1.55–14.80, p = 0.006). Conversely, these
were not associated with MAS: sex, age, other recorded
clinical features, ESR and CRP values, presence of comor-
bidities, and the different therapeutic strategies. In the multi-
variate analysis, the evidence of lymphadenopathy (OR 7.22,
95% CI 1.49–34.97, p = 0.014) and abdominal pain (OR 4.36,
95% CI 1.24–15.39, p = 0.022) were retained in the model
as predictive of MAS occurrence.
Analysis of survival in patients experiencing MAS. The
patients were followed for a minimum of 0.6 years to a
maximum of 16 years from admission (25.6 patients/
followup yr). During the followup period, 100 patients (84%)
experienced a favorable outcome, 36 patients (30.3%)
showed a monocyclic pattern, 37 patients (31.1%) a
polycyclic pattern, and 27 patients (22.7%) a chronic pattern
(Table 4). Nineteen patients died during the followup period.
Specifically, 12 patients died from uncontrollable MAS with
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Table 3. Regression analyses to define factors associated with MAS in patients with AOSD at the time of diagnosis.

Variables                                                                                  OR                         95% CI                      p*

Univariate analyses
Sex                                                                                    0.96                       0.34–2.73                   0.94
Age                                                                                    1.02                       0.98–1.05                   0.30
Arthritis                                                                             0.39                       0.11–1.42                   0.15
Myalgia                                                                             3.40                      0.92–12.57                  0.07
Rash                                                                                  0.74                       0.24–2.31                   0.60
Splenomegaly                                                                   7.65                      0.97–60.18                  0.06
Liver involvement                                                           5.92                      1.29–27.24                 0.022
Lymphadenopathy                                                          8.43                      1.83–38.80                 0.006
Sore throat                                                                       6.41                      1.39–29.49                 0.017
Lung involvement                                                             2.54                       0.70–9.19                   0.15
Pericarditis                                                                        2.24                       0.69–7.23                   0.18
Pleurisy                                                                             2.62                       0.80–8.57                   0.11
Abdominal pain                                                               4.79                      1.55–14.80                 0.006
Weight loss                                                                        1.00                       0.99–1.01                   0.99
Comorbidities                                                                   1.35                       0.75–2.43                   0.32
Leukocytosis                                                                     0.61                       0.21–1.78                   0.37
ESR                                                                                   1.01                       0.99–1.03                   0.41
CRP                                                                                   0.99                       0.98–1.01                   0.87
Low-dose steroid monotherapy                                        0.98                       0.97–1.01                   0.99
High-dose steroid monotherapy                                        1.13                       0.40–3.22                   0.82
Combination therapy, steroids + sDMARD                     1.44                       0.49–4.27                   0.51
Combination therapy, steroids + biologics ± sDMARD   0.81                       0.24–2.70                   0.74

Multivariate analyses
Liver involvement                                                             3.94                      0.80–19.41                  0.09
Lymphadenopathy                                                          7.22                      1.49–34.97                 0.014
Sore throat                                                                         4.71                      0.96–23.01                  0.06
Abdominal pain                                                               4.36                      1.24–15.39                 0.022

* Statistical significance was expressed by a p value < 0.05. Values in bold face indicate statistically significant
results. MAS: macrophage activation syndrome; AOSD: adult-onset Still disease; ESR: erythrocyte sedimentation
rate; CRP: C-reactive protein; sDMARD: synthetic disease-modifying antirheumatic drugs. 
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coagulation disorders, 5 from multiple organ failure with liver
and kidney failures, and 2 from severe infection related to the
immunosuppressive therapy. Because of the rarity of the
disease and the relatively low number of patients experiencing
MAS in our cohort, patients showing MAS at the first obser-
vation and patients who developed MAS during the followup
were also analyzed together to minimize the possible
confounding effect of the low number of patients on the statis-
tical analyses. Nineteen patients died during followup; in 12
patients, the main cause of death was the development of
MAS. In fact, the development of MAS was significantly

associated with a decreased survival rate of patients 
(p < 0.0001; HR 12.71, 95% CI 11.19–14.23; Figure 1).

DISCUSSION
To our knowledge, this is the first study devoted to investi-
gating the clinical characteristics at the time of diagnosis that
may be considered predictive for MAS occurrence, and to
understanding whether this complication may be associated
with a decreased survival rate, in one of the largest cohorts
of patients with AOSD described in literature. 
    The clinical features of our patients did not significantly
differ from other available series already published,
concerning the prevalence of fever, arthritis, and rash29–37.
Our patients also showed high levels of inflammatory
markers, as well as of serum ferritin, thus confirming the
systemic inflammatory features of the disease29,30,31,32. 
    In our AOSD cohort, 17 patients presented with MAS at
the time of diagnosis or during the disease course, suggesting
that the association between these 2 diseases is more frequent
than that of any other adult inflammatory diseases, as well as
suggesting possible overlapping pathogenic mechanisms28.
In fact, MAS together with AOSD has been included under a
common umbrella, the hyperferritinemic syndrome, in which
the pathogenic role of ferritin has been postulated16,17.
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Table 4. Outcome of the evaluated patients with AOSD. Values are n (%)
unless otherwise specified.

Outcome                                                                          Patients

Favorable outcome                                                          100 (84)
Monocyclic course                                                          36 (30.3)
Polycyclic course                                                            37 (31.1)
Chronic course                                                                27 (22.7)
Unfavorable outcome                                                       19 (16)
AOSD-related death                                                         19 (16)
Time of followup, yrs, median (min–max)                 3.9 (0.6–16.0)

AOSD: adult-onset Still disease.

Figure 1. Kaplan-Meier curves of survival in AOSD patients with or without MAS. Nineteen
patients died during the followup; the main cause of death was the development of MAS in
12 patients. The development of MAS was significantly associated with a decreased survival
rate of patients with AOSD (p < 0.0001; HR 12.71, 95% CI 11.19–14.23). AOSD: adult-onset
Still disease; MAS: macrophage activation syndrome. 
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Further, it has been shown that MAS occurrence may be
misdiagnosed in patients treated with immunosuppressive
agents used to control AOSD clinical features13,14,28.
    Of note, serum ferritin levels, systemic score values,
prevalence of lymphadenopathy, and liver involvement were
significantly higher at the time of diagnosis in those patients
with AOSD who had MAS, identifying a subset of AOSD
patients with a more aggressive disease, as previously
shown38,39. We also observed that the patients experiencing
MAS during the followup showed, at the time of diagnosis,
increased systemic score values and higher prevalence of
abdominal pain when compared with AOSD patients not
developing this complication. In addition, the presence of
lymphadenopathy and liver involvement was associated with
occurrence of this complication. Mild to severe enlargement
of lymph nodes as well as liver abnormalities were observed
in patients with AOSD, not only because of a widespread
accumulation of inflammatory cells in these organs but also
for the occurrence of hemophagocytosis, which is character-
istically observed in BM, liver, and peripheral lymphoid
tissues13. Further, the presence of abdominal pain at the time
of diagnosis was significantly predictive of MAS occurrence.
This clinical sign is mainly related to peritoneal serositis and
should be carefully evaluated in patients with AOSD1,13,14.
Our results may help the clinician to better identify these 2
frequently associated conditions and to aggressively treat
those patients with AOSD who are at higher risk of MAS
occurrence.
    In our study, a significant reduction of survival rates was
observed in patients affected by MAS. The higher mortality
rate observed in our study does not confirm results from other
European AOSD series, in which lower mortality rates were
described29,30,31,32, but it is in parallel with published data
reported on Asiatic populations35,36. MAS is generally
considered one of the worst prognostic factors in AOSD,
strongly associated with a high mortality rate that is probably
related to comorbidities frequently observed among
adults14,15,35–41. 
    We did not observe any possible association between the
use of different drugs and MAS development during
followup. Our retrospective study was not specifically
designed to analyze the possible effects of any drug in
modifying patient outcomes. Future adequately powered and
well-designed studies are needed to fully elucidate this issue.
In addition, it has been shown in the juvenile counterpart of
AOSD that although biologic agents inhibiting interleukin 1
(IL-1) or IL-6 are effective in the treatment of signs and
symptoms of the disease, such drugs in clinical trials did not
provide full protection against MAS development, suggesting
the presence of further mechanisms in the pathogenesis of
this complication42,43,44,45. 
    As observed in any retrospective study, different limita-
tions may exist. Because of the multicenter and retrospective
design, some biases such as selection and recall are possible.

In addition, different diagnostic criteria were used for the
diagnosis according to data availability, limiting the external
validity of our findings. However, it must be pointed out that
both AOSD and MAS are very rare diseases, and designing
and carrying out prospective and adequately powered studies
is quite difficult, as reported for other infrequent complica-
tions in rheumatic diseases46,47,48,49,50.
    MAS occurrence significantly decreased the survival rate
in patients with AOSD. As expected, patients with MAS at
the time of diagnosis presented higher levels of serum
ferritin, elevated systemic score, prevalence of lympha -
denopathy, and liver involvement. The presence of lympha -
denopathy and abdominal pain was associated with
occurrence of this complication. The results of our study,
which determined the clinical characteristics at the time of
diagnosis that may be predictive for MAS occurrence, may
help in the clinical setting to better identify those patients
needing a more aggressive treatment to avoid the life-threat-
ening evolution of AOSD.
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