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Abstract
Secondary hemophagocytic lymphohistiocytosis (sHLH) is a life-threatening inflammatory syndrome that can be triggered 
by autoimmune diseases, malignancy, or infection. In rheumatologic patients, sHLH is referred to as macrophage activa-
tion syndrome (MAS). Differentiating between triggers is important for prompt treatment and prognosis. Data comparing 
subsets of sHLH are limited due to the rarity of this disease. We aim to explore differences in clinical features that may 
differentiate MAS from malignancy-associated HLH (mHLH) patients. We conducted a single-center retrospective study 
assessing clinical characteristics, laboratory parameters, treatment regimens and outcomes in 34 patients with sHLH over 
a 16 year period. We compared patients with MAS to those with mHLH. Hepatomegaly was not present in the MAS group 
but was present in the mHLH group (0 vs. 25%, p = 0.024). MAS patients had on average nearly double the concentration 
of platelets at 50.0 (IQR: 31.0–78.0 Kµ/L) vs. 29.0 Kµ/L (IQR: 14.0–37.5 Kµ/L), p = 0.003. Soluble IL-2R concentrations 
were four times lower in the MAS group with a median soluble IL-2R concentration of 6814.5 kU/L (IQR: 2101–2610 kU/L) 
vs. 27972.0 kU/L (IQR: 12,820–151,650 kU/L), p = 0.010. The MAS group fared better overall than the mHLH group but 
was not statistically significant (mortality 22 vs. 44%, p = 0.18). MAS and mHLH patients exhibited different laboratory 
parameters and clinical features, most notably differences in platelet counts, soluble IL-2R concentration and hepatomegaly, 
which may help differentiate these conditions early in their course.

Keywords Macrophage activation syndrome · Lymphohistiocytosis, hemophagocytic · Lupus erythematosus, systemic · 
Still’s disease, adult-onset

Introduction

Secondary hemophagocytic lymphohistiocytosis (sHLH) is 
a syndrome characterized by disordered immune response 
to a variety of triggers, including infection or malignancy, 
that results in profound inflammation and can be potentially 
life threatening. Features most frequently associated with 
sHLH include fever, lymphadenopathy, hepatosplenomegaly, 
pancytopenia, elevated ferritin, and elevated soluble IL-2 

receptor. When this disease process occurs in the setting 
of rheumatologic diseases, it is called macrophage activa-
tion syndrome (MAS). MAS is most commonly associated 
with adult-onset Still’s disease (AOSD), but can also rarely 
be seen in other rheumatologic conditions, including sys-
temic lupus erythematosus (SLE) and dermatomyositis [1]. 
Malignancies known to trigger sHLH include lymphomas, 
T/NK-cell disorders, acute leukemias, lymphoproliferative 
diseases, and myelodysplastic syndrome [2]. Although both 
malignancy-associated HLH (mHLH) and MAS have poor 
outcomes, MAS carries a lower fatality rate [1, 2].

Primary HLH was first described as a genetic, inher-
ited condition. The exact mechanism that triggers MAS is 
unknown, but it is likely related to a defect in immune cell 
cytolytic activity, which results in prolonged cell-to-cell 
interaction and a pro-inflammatory cytokine cascade [3, 
4]. In recent years, certain loss of function mutations were 
retroactively identified in patients who developed sHLH as 
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an adult, showing that there is indeed a genetic component 
to these acquired syndromes [5]. In addition to an underly-
ing genetic predisposition, sHLH requires an environmental 
trigger, such as infection, immunosuppression, uncontrolled 
autoimmune disease, or malignancy [6]. Identifying the trig-
ger is important, because treatment differs depending on the 
underlying etiology and patients often present in critical 
condition [7, 8].

There are several validated diagnostic tools used to aid 
in the diagnosis of MAS and HLH. The H score is one such 
commonly used example [9]. The cohort used to develop 
the H score, however, consisted of a paucity of rheumato-
logic cases. Similarly, the HLH-2004 set of criteria, which 
is the most frequently cited in MAS/HLH literature [10], 
was largely based on a pediatric population of patients with 
familial HLH [11].

In one significant prior attempt to differentiate MAS from 
other similar clinical syndromes, Daví et al. delivered sur-
veys to clinical experts in pediatric rheumatology to identify 
commonly recognized features of MAS [12]. Respondents 
most frequently associated macrophage hemophagocytosis 
on bone marrow biopsy, hyperferritinemia, persistent fever, 
thrombocytopenia, and increased soluble IL-2 receptor, 
amongst others, with MAS. In other studies, an elevated 
ferritin-to-ESR ratio has been proposed as a tool for diag-
nosing MAS [13].

MAS is often difficult to distinguish from other signifi-
cant disease states, including sepsis, disseminated intravas-
cular coagulation (DIC) and, particularly in SLE, a flare 
of underlying rheumatologic disease. Furthermore, within 
MAS, there exist unique clinical features to MAS second-
ary to SLE when compared to MAS secondary to AOSD 
[14–16]. As a result, MAS diagnosis may be delayed or 
missed altogether, leading to poor outcomes [17]. Further 
research on features unique to MAS and mHLH is essen-
tial for early diagnosis and proper treatment. In this manu-
script, we identify clinical features that may help distinguish 
autoimmune-associated MAS patients in adults from malig-
nancy-associated HLH cases.

Methods

Study design

We performed a retrospective study looking at outcomes in 
patients with sHLH at an academic tertiary care hospital in 
Boston, MA. We identified patients using ICD9/10 codes for 
HLH/MAS from 2004 to 2020 (ICD9 288.4, ICD 10 D76.1), 
and/or patients with high ferritin levels and fever who were 
cross referenced with SLE, AOSD, inflammatory myopa-
thy, inflammatory arthritis or hematologic malignancy. The 
study was conducted with the approval of an institutional 

review board and followed the Strengthening the Report-
ing of Observational Studies in Epidemiology (STROBE) 
reporting guideline.

Inclusion and exclusion criteria

From the patients identified, we included those who fulfilled 
diagnostic criteria for a rheumatologic condition or hema-
tologic malignancy and HLH. A diagnosis of MAS/HLH 
required fulfillment of the HLH-2004 classification criteria 
or a clinical diagnosis by an expert consultant in combina-
tion with a high probability H-score. We excluded MAS/
HLH cases triggered by sepsis. Children were excluded from 
this study as the focus was adult-onset MAS, which is not 
as well characterized as its pediatric form that is typically 
associated with juvenile inflammatory arthritis.

Per the HLH-2004 diagnostic protocol, patients in this 
study needed to meet 5 of the following criteria: fever, sple-
nomegaly, bicytopenia, hypertriglyceridemia and/or hypofi-
brinogenmia, hemophagocytosis, low/absent NK-cell-activ-
ity, hyperferritenmia and high soluble IL-2 receptor levels 
[11]. We broadened our search to include patients with high 
probability H scores plus diagnosis by an expert documented 
in the chart to allow for inclusion of patients who did not 
meet HLH-2004 criteria as a result of missing data at their 
initial work-up. H-score criteria are similar to HLH-2004 
criteria but also include underlying immunosuppression 
and liver function. We searched for patients with labora-
tory features seen in MAS or HLH with known underlying 
rheumatologic conditions or hematologic malignancy to find 
patients who may not have been properly coded for MAS or 
HLH. A diagnosis of SLE or AOSD required confirmation 
from an attending physician documented in the chart based 
on American College of Rheumatology (ACR) diagnostic 
criteria [18] and Yamaguchi criteria [19], respectively. Of 
the dermatomyositis patients, one was diagnosed by muscle 
biopsy, while the other was diagnosed by typical exam find-
ings (heliotrope rash, Gottron papules) along with elevated 
creatine kinase (CK), consistent with 2017 EULAR/ACR 
diagnostic criteria [20]. All malignancies were diagnosed 
by a hematology/oncology attending physician.

Clinical and laboratory data

We reviewed each chart once patients were deemed to meet 
the above criteria, and extracted information on patient 
demographics, medical history, clinical presentation, treat-
ment and outcomes. We also collected SLE and AOSD 
patient baseline disease characteristics, including systemic 
lupus erythematosus disease activity index (SLEDAI) crite-
ria [21], Yamaguchi criteria, select immunologic laboratory 
data, vital signs, clinical features and radiographic reports.
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Statistical analysis

We compared MAS cases to mHLH controls using STATA. 
We utilized Wilcoxon rank sum tests for categorical analysis, 
because our data were not normally distributed. As such, 
all p values are derived from this non-parametric analysis 
tool and 25th to 75th interquartile ranges are reported. A p 
value less than 0.05 was regarded as statistically significant. 

Missing data for key laboratory values were coded as miss-
ing and were not imputed.

Results

Patient demographics, clinical data

Of the 134 charts that we reviewed, 34 met inclusion criteria 
for the study (see Fig. 1). Demographics and clinical data, 
including laboratory values and baseline patient character-
istics are described in Table 1.  

Overall, 8 of 18 MAS patients had SLE as their underly-
ing diagnosis, and 6 had AOSD as their underlying diagno-
sis. Of the remaining four patients, two had dermatomyositis, 
one had rheumatoid lung disease, and one had rheumatoid 
arthritis as underlying conditions for MAS.

For SLE patients, we collected ACR criteria data from 
patient charts at time of initial presentation of SLE. Cutane-
ous manifestations were present in 7 (87.5%) patients, leu-
kopenia present in 6 (75%), thrombocytopenia present in 5 
(62.5%), arthritis present in 4 (50%), serositis present in 2 
(25%), and renal disease present in 2 (25%) at time of SLE 
diagnosis. A total of seven out of eight patients (87.5%) had 
a history of hypocomplementemia. All SLE patients were 
ANA positive. Extractable nuclear antigen antibody profiles 
revealed five (62.5%) patients with anti-RNP antibodies, 

134 pa�ents 

52 pa�ents 

34 pa�ents 
mee�ng inclusion 

criteria 

82 pa�ents who 
did not fulfill 

criteria for HLH 

18 pa�ents with 
HLH secondary to 

alterna�ve process 

Fig. 1  Patients meeting inclusion criteria for the study. Figure made 
using Microsoft Word

Table 1  Patient characteristics at time of admission (median, 25th and 75th percentile ranges in brackets) and pre-treatment immunologic lab 
values on presentation in MAS vs. mHLH patients

MAS (n = 18) mHLH (n = 16) p value

Patient demographics
 Sex (female) 14 (77%) 7 (44%) 0.042
 Age at diagnosis of autoimmune disease or malignancy (years) 34.5 [28, 46] 65.5 [44, 77]  < 0.001
 Age at MAS/mHLH diagnosis (years) 35.5 [30, 47] 70.0 [46.5, 77] 0.002
 Time between autoimmune/malignancy diagnosis and HLH (months) 2.5 [0, 48] 0.0 [0, 14] 0.22
 HLH as initial presentation of underlying disease 9 (50%) 11 (69%) 0.27

Clinical Features
 Hepatomegaly 0 (0%) 4 (25%) 0.024
 Splenomegaly 4 (22%) 8 (50%) 0.091
 Fevers 17 (94%) 13 (81%) 0.23

Baseline (pre-treatment) immunologic lab values
 WBC (Kµ/L) 3.9 [1.2, 5.8] 1.6 [0.4, 3.8] 0.026
 ANC (Kµ/L) 4 [0.7, 5.5] 0.3 [0, 2.1] 0.005
 Hgb (g/dL) 8.4 [7.8, 10.4] 7.2 [6.7, 7.8] 0.008
 Platelets (Kµ/L) 50 [31, 78] 29.9 [14, 37.5] 0.003
 Fibrinogen (mg/dL) 147.5 [127, 234] 123 [94, 276] 0.33
 Triglycerides (mg/dL) 276 [147, 345] 351 [243, 578.5] 0.13
 Ferritin (ng/mL) 12,016 [3032, 32068] 14,578 [10486, 24083] 0.28
 AST (U/L) 580 [239, 1317] 244.5 [90, 852.5] 0.17
 Soluble IL-2R (kU/L) 6814.5 [2101, 7610] 27,972.0 [12820, 151650] 0.01
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three (37.5%) patients with anti-Smith antibodies, two 
(25%) patients with positive anti-phospholipid antibodies 
(defined as positive lupus anticoagulant or high titer anti-
cardiolipin or anti-beta-2-glycoprotein-1 antibodies), and 2 
(25%) patients with anti-Ro.

We collected Yamaguchi criteria data for AOSD patients. 
During their disease course, all AOSD patients (6 of 6) pre-
sented with high fevers, arthritis/arthralgias, characteristics 
rash, and leukocytosis. We noted that four (67%) patients 
presented with sore throat and LFT abnormalities, three 
(50%) presented with lymphadenopathy, 2 (33%) presented 
with splenomegaly. Of the AOSD patients, five of six (83%) 
had negative RF, and three of six (50%) had negative ANA, 
one did not have ANA checked, and two had weakly positive 
ANA with 1:40 and 1:80 titers that were considered to be 
clinically insignificant. 

In Table 1, we summarize baseline clinical characteris-
tics and immunologic lab value data from time of admis-
sion. Hepatomegaly was not present in MAS compared 
to the mHLH group (0 vs. 25%, p = 0.024). MAS patients 
had less severe cytopenias compared to mHLH patients: 
with median WBC of 3.9 Kµ/L (IQR: 1.2, 5.8 Kµ/L) 
vs. 1.6 Kµ/L (IQR: 0.4, 3.8 Kµ/L), p = 0.026; median 
ANC 4.0 Kµ/L (IQR: 0.7–5.5 Kµ/L) vs. 0.3 Kµ/L (IQR: 
0.0–2.1 Kµ/L), p = 0.005; median hemoglobin 8.4 g/dL 
(IQR 7.8–10.4 g/dL) vs. 7.2 g/dL (IQR: 6.7–7.8 g/dL), 
p = 0.008; and median platelets 50.0 Kµ/L (IQR: 31.0–78.0 
Kµ/L) vs. 29.0 Kµ/L (IQR: 14.0–37.5 Kµ/L), p = 0.003. 
Soluble IL-2R concentrations were on average 4 times 
lower in the autoimmune vs. the malignancy group: 
median 6814.5 kU/L (IQR: 2101–2610 kU/L) vs. 27972.0 
kU/L (IQR: 12,820–151,650 kU/L), p = 0.010. All other 
admission clinical and laboratory characteristics between 
groups did not reach statistical significance. Of note, der-
matomyositis patients carry a higher risk than the general 
population for certain malignancies, but no dermatomyosi-
tis patient in this group was diagnosed with malignancy 
during the study period.

Hospital course and outcomes

Data for patient hospital course and outcomes are sum-
marized in Table 2. MAS patients spent less than a third 
of the amount of days in the hospital (12.5 [10–22] vs. 
38.5 [22–47], p < 0.001), required less transfusions (10 vs 
16, p = 0.001), and had better recovery of platelets after 
treatment (212.0 [54–235] vs. 52.0 [18–120.5], p = 0.034) 
when compared to HLH patients (Fig. 2). The mortality rate 
was high in both groups with the MAS patients faring overall 
better than mHLH patients but that difference did not reach 
statistical significance (22 vs. 44%, p = 0.18).

Of the four patients who died in the MAS group, one had 
AOSD, one had SLE, one had dermatomyositis, and one 

had rheumatoid lung disease as their underlying diagnoses. 
The causes of death included shock (n = 2), renal failure 
(n = 1) and encephalopathy (n = 1). In the mHLH group, 
there were seven deaths with the causes including sepsis 
(n = 2), shock (n = 3), encephalopathy (n = 1) and renal fail-
ure (n = 1). Autopsy was performed in only one patient from 
the mHLH group. The immediate cause of death was ini-
tially identified as sepsis; however, on pathology review this 
was reclassified as secondary HLH in the setting of florid tis-
sue hemophagocytosis, profound anemia, thrombocytopenia, 
elevated trigycerides and hyperferritinemia.

Treatment regimens also differed between the groups. 
Pulse dose steroids (defined as methylprednisolone 1000 mg 
daily for at least 3 days) were utilized more frequently in 
MAS patients compared to HLH patients (78 vs. 12%, 
p < 0.001). Conversely cyclophosphamide was utilized less 
in the MAS group (11 vs. 50%, p = 0.013), as was etopo-
side/dexamethasone combination treatments (0 vs. 44%, 
p = 0.002).

Concomitant infections

Patients who were thought to have sepsis as the underlying 
etiology of their HLH presentation were excluded from this 
study, which specifically assessed individuals with rheuma-
tologic or malignant etiologies of disease. However, several 
patients included in this study developed sepsis during their 
hospital course. Of those patients, 11 of 34 were treated 
for a bacterial infection, including pneumonia, urinary tract 
infection, cellulitis and bacteremia. EBV PCR was assessed 
in 21 of the 38 patients during their hospital admission and 
found to be positive in 10 (47.6%) of these patients. Treat-
ment for EBV was only offered in 3 of those 10 patients, all 
of which were from the mHLH group. Two patients were 
given rituximab and one bortezomib for EBV. CMV PCR 
was elevated in three patients overall (one from MAS and 
two from mHLH), but only one patient (from the MAS 
group) received treatment for CMV during their hospital 
course. CMV viremia was not consistently measured. CMV 
IgM was negative in all 21 of the patients in which it was 
assessed.

Discussion

In this cohort, we found that patients with MAS tended to be 
younger, required less transfusions and had shorter hospital 
stays than mHLH patients. Despite these favorable differ-
ences, 22% of patients with MAS in our study died. Even 
higher numbers of mHLH patients (44%) died during their 
hospitalization. Thus, early recognition and appropriate 
treatment could be critical to improve mortality. Our findings 
compared to other published series show somewhat higher 
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mortality rates in MAS and overall better than reported sur-
vival in mHLH. Though reported mortality rates vary greatly 
between studies, HLH associated with lymphomas has been 
reported as having a significantly lower overall survival [22].

A total of 20 out of the 34 patients did not have a pre-
viously established autoimmune or malignant disease, but 
rather developed HLH during the initial presentation of their 
systemic disease. MAS was inaugural in 50% of the auto-
immune disease population studied here, which is slightly 
higher than previous data on timing of MAS in disease 
course [14]. Interestingly, there were more cases of SLE-
associated MAS than Still’s-associated MAS in our cohort 
despite this being an underrecognized complication of SLE. 
Although there are limited studies assessing the features of 
SLE-associated MAS in the adult population [14, 15], in 
pediatric populations, it has been reported as high as 9% of 
SLE patients developed MAS with fever, high ferritin and 

more pronounced cytopenias as important differentiating 
factors from SLE flare [23].

Organomegaly was less common in MAS patients, 
compared to mHLH patients in our cohort. It has to 
be noted that organomegaly and cytopenia are hallmark fea-
tures of many of the malignancies seen in mHLH patients 
in this study. In rheumatic patients, hepatomegaly is part of 
the diagnostic criteria for AOSD but not part of SLICC or 
ACR/EULAR diagnostic criteria for SLE. It is unclear what 
percentage of hepatomegaly is truly due to mHLH presen-
tation as opposed to underlying malignancy, but multiple 
pediatric and adult population studies of HLH have shown 
hepatomegaly to be a key component of the disease [24, 25].

Thrombocytopenia, anemia and elevations in soluble 
IL-2R were less pronounced in MAS patients compared 
to the HLH patients, which is consistent with prior studies 
[26]. Previously, IL-2R, ferritin and the IL-2R-to-ferritin 

Table 2  Hospital course, post-treatment immunologic lab values, treatment and outcomes for MAS and mHLH patients (median, 25th and 75th 
percentile ranges in brackets)

MAS (n = 18) mHLH (n = 16) p value

Hospital course
 Pressor requirement 8 (47%) 5 (31%) 0.35
 Hypoxia requiring supplemen-

tal oxygen
9 (53%) 11 (69%) 0.35

 Development of ARDS 2 (12%) 2 (12%) 0.95
 Days in hospital 12.5 [10, 22] 38.5 [27, 47]  < 0.001
 Days in ICU 2.5 [0, 11] 2 [0, 9] 0.97
 Required intubation 7 (39%) 5 (31%) 0.64
 Required transfusion 10 (56%) 16 (100%) 0.002

Post-treatment immunologic lab values
 WBC (Kµ/L) 5.2 [3.3, 13.4] 4.9 [1.6, 18.8] 0.69
 Platelets (Kµ/L) 212 [54, 235] 52 [18, 120.5] 0.034
 Fibrinogen (mg/dL) 198 [133, 324] 229 [158, 296] 0.65
 ALT (U/L) 128 [55, 266] 62 [38, 179] 0.17

Treatment
 Pulse steroids 14 (78%) 2 (12%)  < 0.001
 Cumulative steroid dose over 

hospitalization (mg equiva-
lents of methylprednisolone)

3470 [3000, 4003] 1432.7 [913.6, 2407.6] 0.016

 Cyclophosphamide 2 (11%) 8 (50%) 0.013
 MMF 1 (6%) 0 (0%) 0.34
 Etoposide/dexamethasone 0 (0%) 7 (44%) 0.002
 IVIG 4 (22%) 0 (0%) 0.045
 Anakinra 6 (33%) 0 (0%) 0.011

Outcomes
 Discharged 14 (78%) 9 (56%) 0.18
 Death 4 (22%) 7 (44%) 0.18
 SLE/AOSD quiescent at 

1 year follow-up?
5 (42%) –

 Repeat episode of MAS at any 
point?

0 (0%) 2 (25%) 0.043
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ratio had been proposed as important markers for diagnosis 
of MAS and mHLH [27, 28]. Interestingly, in our study, 
ferritin did not differ between the two groups despite inclu-
sion of AOSD patients where high ferritin is common. 
In previous studies, it has also been suggested that better 
prognosis is associated with a rapid drop in ferritin levels 
[29]; in our study since pre- and post-treatment ferritin was 
not consistently assessed, we could not replicate this find-
ing. IL-2R concentrations did differ between groups, sig-
nificantly. Furthermore, not only were platelet counts sig-
nificantly higher in the MAS cohort at 50 Kµ/L compared 
to 29.9 Kµ/L, but they also showed a significant difference 
in post-treatment values between the two groups. Platelet 
discrepancies between MAS and other forms of HLH have 
been reported in the past, and show MAS patients as having 
higher platelet counts compared to other groups [26]. These 
studies, however, predominantly compare MAS to familial 
forms of HLH. Since there is little data on predicting unique 

characteristics to the adult population of MAS, our findings 
may be helpful in differentiating MAS from mHLH.

With respect to treatment regimens, MAS patients 
were more likely to receive pulse dose steroids and immu-
nomodulatory medications compared to mHLH patients, 
while mHLH patients were more likely to receive etopo-
side/dexamethasone combination therapy. Etoposide/
dexamethasone-based therapies are reported as resulting 
in a long-term survival of greater than 50% in familial 
forms of HLH [30]. Though there are limited randomized 
control trials for MAS treatment protocols, the treat-
ments seen in this study are similar to what is seen in 
the literature [30–32]. Biologics are increasingly being 
used in patients with severe MAS [33], and in our cohort, 
Anakinra was used in 33% of MAS cases. Though there 
is minimal data on the use of immunologic therapies in 
MAS in an adult population, early pediatric studies on 
the use of anakinra in corticosteroid refractory MAS have 
been promising [34]. There is limited data to support the 

Fig. 2  Pre-treatment and post-treatment select immunologic meas-
urements in comparison. Clockwise from top left, changes in WBC 
count, platelet count, fibrinogen and CRP before and after treatment. 

Bars represent interquartile ranges for data analyzed using Wilcoxon 
rank sum tests. Circle in upper left corner indicates statistical signifi-
cance between MAS and mHLH groups. Figure made using STATA 
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use of immunomodulatory medications as monotherapy, 
including IL-6 [35].

It is frequently unclear what tips somebody into the 
immune dysregulation that causes MAS or mHLH, but 
infection can be a trigger for these patients. Viral trig-
gers, including EBV, CMV, parvovirus, HSV, HIV and, 
more recently, SARS-CoV-2, have been implicated in 
the development of secondary HLH in the absence of 
an underlying malignancy or autoimmune disease [36]. 
Bacterial infections, including anaplasma and ehrlichia, 
are also associated with HLH [37, 38]. EBV and CMV 
PCR was not consistently evaluated in our cohort; how-
ever, a quarter of patients had detectable EBV by PCR 
and three patients were found to have CMV viremia. EBV 
is a common trigger of HLH, including in patients with 
no underlying autoimmune disease or malignancy, and, 
similar to the patients in this cohort, EBV-associated HLH 
is frequently treated with rituximab in addition to etopo-
side/dexamethasone-based treatments [39]. Despite detect-
ing the presence of EBV and CMV by PCR in a portion 
of patients, few patients received specific therapy, likely 
because their overall clinical picture was more consist-
ent with an underlying autoimmune or malignant process 
rather than secondary to EBV or CMV infection. In all 
MAS patients, the viremia was thought to represent reacti-
vation from immune dysregulation rather than an incident 
infection. The single MAS patient with CMV viremia was 
the only patient to receive concomitant antiviral therapy 
in addition to immunosuppression. Further understanding 
of the role of these infections in triggering HLH and the 
implications on treatment is an important area for further 
research. Although infections can be triggers for other eti-
ologies of HLH, in MAS and mHLH infection is thought 
to be an epiphenomenon. Regardless, infections should be 
treated, especially in MAS since concomitant infections in 
rheumatologic patients on immunosuppressive therapies 
is not uncommon.

Although we only assessed MAS in adult patients, the 
disease process is perhaps most typically associated with 
juvenile idiopathic arthritis (JIA). Unlike adult MAS, 
MAS associated with JIA has specific classification crite-
ria that require a ferritin > 684 ng/mL and at least two of 
the following: thrombocytopenia, elevated AST, elevated 
triglycerides, or low fibrinogen [40]. Future studies will 
be needed to assess the validity of these diagnostic criteria 
in an adult population.

Our study was limited by the small sample size; how-
ever, this was not unexpected given the rarity of these 
diseases. It is conceivable that we may have missed some 
cases due to coding errors. We suspect many cases of these 
diseases were misdiagnosed as other diseases that mimic 
MAS and mHLH as described above. Additionally, we 

encountered some missing data given the retrospective 
nature of the design.

Conclusion

While MAS and mHLH exist on the same spectrum of dis-
ease, their distinct triggers and treatment algorithms make 
differentiating the two processes essential. Our research 
shows that immunologic laboratory values, most notably 
platelet count, as well as clinical features, including the 
absence of hepatomegaly, may help distinguish these two 
disease states, and as a result, help guide clinical decision 
making early on in the disease process. Future research into 
differentiating MAS from other triggers for HLH, including 
infection, as well as research with larger sample sizes, will 
be important to further elucidate this important distinction.
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