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Macrophage activation syndrome (MAS) is a form of hemophagocytic lymphohistocytosis that occurs in patients with a
variety of inflammatory rheumatologic conditions. Traditionally, it is noted in pediatric patients with systemic juvenile
idiopathic arthritis and systemic lupus erythematous. It is a rapidly progressive and life-threatening syndrome of excess
immune activation with an estimated mortality rate of 40% in children. It has become clear recently that MAS occurs in adult
patients with underlying rheumatic inflammatory diseases. In this article, we describe 6 adult patients with likely underlying
MAS. This case series will outline factors related to diagnosis, pathophysiology, and review present therapeutic strategies.
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Introduction

Macrophage activation syndrome (MAS) is a subgroup of
hemophagocytic lymphohistocytosis (HLH) syndrome
occurring in patients with rheumatologic inflammatory dis-
ease. Other subgroups include familial HLH (fHLH), infec-
tion-associated HLH, and malignancy associated HLH. All
share a phenotype of cytokine storm. fHLH is considered a
primary disorder associated with a genetic mutation although
it is now recognized it may overlap with acquired condi-
tions. MAS is caused by immune dysregulation that causes
a defect in cytotoxic pathways natural killer cells and cyto-
toxic T lymphocytes. Consequently, this immune dysregula-
tion will lead to cytokine storm and accumulation of
activated lymphocytes and macrophages in different organs
and tissues.!”

Clinical Presentation

Present understanding of the clinical presentations of MAS
is primarily based on observations in systemic juvenile idio-
pathic arthritis (sJIA) patients and/or pediatric HLH patients.
Features of MAS presentation can vary from a “subclinical”
to a severe and potentially life-threatening episode. The dif-
ficulty in making the diagnosis of MAS lies in the fact that
clinical presentations, even severe cases, can vary drastically
as summarized in Table 1.

Typically, the disease presents with a continuous high
fever without an identifiable source. Additional symptoms
such as lymphadenopathy, rash, hemorrhagic manifestations,

or neurological dysfunction including headache, lethargy,
irritability, altered mental status, and even seizures or coma
can occur. Hepatosplenomegaly is almost always present.
Although some of these findings are present in the patient
with HLH, they typically worsen acutely in the onset of
MAS. More severe and often fatal cases of MAS lead to
multi-organ failure.

Herein, we present a retrospective series of patients with
underlying inflammatory rheumatic diseases who likely
developed MAS and/or cytokine storm syndrome. Informed
consent for the patient information to be published in this
article was not obtained because they were either deceased or
unavailable to consent. The Texas Tech University Health
Science Center Institutional Review Board does not require
ethical approval for reporting retrospective case series.
Because of the difficulty in establishing the diagnosis, an
HScore was developed to assist clinicians in predicting the
likelihood of having MAS (Table 2).6
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Table 1. Clinical Presenting Features Suggestive of MAS.

Clinical presentation

Correlating laboratory findings

Fever of unknown origin

Liver failure
Thrombocytopenia/DIC/coagulopathy
Encephalitis

Negative blood cultures, elevated ferritin

Elevated AST

Prolonged PT, elevated fibrin split products

Elevated CSF protein, EEG evidence of encephalopathy

Abbreviations: AST, aspartate aminotransferase; DIC, disseminated intravascular coagulation; PT, prothrombin time; CSF, cerebrospinal fluid; EEG, elec-

troencephalography.

Table 2. HScore Variables.

Variable Points
Known underlying immunosuppression No 0
Yes 18
Temperature, °F (°C) <I0lI.1 (<38.4) 0
101.1-102.9 (38.4-39.4) 33
>102.9 (>39.4) 49
Organomegaly No 0
Hepatomegaly or splenomegaly 23
Hepatomegaly and splenomegaly 38
Number of cytopenias | lineage 0
2 lineages 24
3 lineages 34
Ferritin, ng/mL (ug/L) <2000 0
2000-6000 35
>6000 50
Triglyceride, mg/dL (mmol/L) <132.7 (<1.5) 0
132.7-354 (1.5-4) 44
>354 (>4) 64
Fibrinogen, mg/dL (g/L) >250 (>2.5) 0
=250 (=2.5) 30
AST, U/L <30 0
=30 19
Hemophagocytosis features on bone marrow aspirate No 0
Yes 35

Abbreviation: AST, aspartate aminotransferase.

Case Presentations

Case |

A 52-year-old female with a 2-year history of dermatomyo-
sitis was referred to our facility for refractory disease. Over
the prior 2 years, she experienced multiple disease exacer-
bations. Treatment included methotrexate, mycophenolate
mofetil, rituximab, intravenous immunoglobulin, and high-
dose corticosteroids with no significant improvement.
Within several months of her diagnosis, her ability to com-
plete basic activities of daily living declined to the point
that she required gastrostomy tube placement due to dys-
phagia and became wheelchair bound. One month prior to
this hospitalization, she was diagnosed with splenic vein
thrombosis. Physical examination revealed a diffuse macu-
lar rash on her torso and extremities. She was profoundly

weak on muscle testing in all 4 extremities. Anasarca was
also evident. She underwent colonoscopy to evaluate
abdominal pain and fecal occult blood. Colonoscopy
revealed ischemic colitis. Subsequent biopsies detected
cytomegalovirus. Laboratory studies are presented in Table 3.
Of note, ferritin and soluble interleukin-2 receptor levels
were significantly elevated. She also had profound pancy-
topenia. Workup for malignancy was negative. Peripheral
smear showed pancytopenia as well as schistocytes sugges-
tive of microangiopathy. Given the severity of her illness
and poor prognosis, her family asked for palliative care
only. She passed away several minutes after being compas-
sionately extubated.

The patient had an HScore of 235 suggesting a 98% to
99% likelihood of hemophagocytic syndrome and a dissemi-
nated intravascular coagulation (DIC) score of 10 indicating



'uolIE|N3e0d JBNJSBARIIUI PRIBUILASSIP ‘D[ ‘UIINGO|SOUNWIWI SNOUSAB.IUI ‘D[A| ‘9SEIJSUBIIOUIE SUIUEB[E ] TV ‘9SEIDJSUB.IOUIWE deliedse ‘| Sy :SUONEIASIGQY

6
(%5 ©3 %0) 891

(%5T 01 %91) S¥1
oA
1
08

S3IpOgiIuE UNBWOIYD
-l3ue pue YIWS YNQAsp
661€
6€
ST

Sl
17T
8EVT

9

¥¥8I
SNsoIBWRYIAIS
sndn| o1wa1sAg

aeway
144

9
(%6 93 %S) 6TI

(%€ 93 %1) 901
w®>
€
€€

S3IPOQIUE 349WOJIUID
-nue pue uidijoipJed-nuy
09€ ¥1
0€
S€

"1
AN
AN

all

LE6T

snsojewaYIkID
sndn| o1wR1sAg

Slel
S€

6
(%96 01 %€6) 81T

(%88 02 %08) S61
oN
4
o€

salpoqnue YN Sp-hue
pUE 2J3WOo.IUdd-HUY
Fig4d
SLST
0LET

9'9¢
1Tl
918¢

8l
809 ¥T
snsojewayIkIs
sndn| o1wa1sAg

Seway
LT

6
(%€6 1 %88) 60T

(%08 ©1 %0£) 981
oN
S
L:14

salpoqiue YN sp-hue
9J9WO.NUID-NUE YNV
86T €
89¢
88¢

(34|
4l
1IN

€

9099

snsojewaykio
sndn| o1wR1sAg

Sel
6C

ol
(%66<) 90¢€
(%66<) 90¢€
oN
€
L

VNQsp pue

UNEBWOJYD ‘Yuws-nuy

¥9CL
16
18

86l
6£T
9¥8E

L

SI¥S
snsojewaykie
sndn| o1wa1s4g

aeway
9t

6
(%66<) 85T

(%66 ©3 %86) SET
m®>
1IN
1IN

181
YLE9
19

8l
9ClE

snisoAwolewlRq

aeway
[49

DI 349A0 $2IBJIPUI G< 2J403S DI
(Aje8swoueduo jo peaisul

[BWIOU X T< YT-TI 2IGN|os Buisn) 2105GH PaYIPOL
(swoupuAs dnk>oseydowsy

10 pooyijay)1| 1e3.3 $31BJIPUI 69 | <) 2JOISH

SIAI
(AW sp-51) $D

(IP/Bw 102-88) €D
suoneulwJaa1ap ucmc._m._n_F_OU

salpoqiueoiny
(w/3d 1681-2€9) YT-Is
N 1y-9) 1Iv
(VNI LE-S) 1SV
saseujwesue.) dnedopH
(Spuo23s §'Z|-4'6) Wi uiquIoIyI01g
(IP/3w €6€-007) uaBouriqiy
(qw/3u 0o§>) Joung-a
(1/000 ££€-000 €91 = 39]3e(d)
eluadoikd uayro Aue Jo ejuadorkdoquiodyl A1o1delpey
(Tw/3u) uniisy pares|y

sisoudelp onewnayJ SuljJapun
®BLI9ILID UoISNdU|
Japuan)
(saeak) a8y

¥

ase)

'S9sBD) PaIUsaUd 9 Ul sanjep Auojeloqe g d|qel



Journal of Investigative Medicine High Impact Case Reports

overt DIC. She was thus diagnosed with MAS in the setting
of both rheumatic disease and severe infection.

Case 2

A 26-year-old female with 8-year history of systemic lupus
erythematosus (SLE) was hospitalized with refractory (>1
year) autoimmune hemolytic anemia and subsequent pan-
cytopenia. Treatment with prednisone and azathioprine,
rituximab, and cyclophosphamide failed to improve her
hematologic status. Her hospital course included neutrope-
nic fever, sepsis, and encephalopathy. Elevation in ferritin
and interleukin 2 receptor and HScore suggested MAS
(see Table 3). She received a short course of tocilizumab
followed by etoposide. There was temporary improvement
from the etoposide but she succumbed from sepsis.

The patient had an HScore of 306 indicating a >99% like-
lihood of a hemophagocytic syndrome and a DIC score of 10
indicating overt DIC.

Case 3

A 29-year-old male with 10-year history of ESRD (end-stage
renal disease) secondary to systemic lupus on peritoneal
dialysis presented with aplasia, severe mucositis, rash, and
fever. Laboratory studies revealed pancytopenia, positive
ANA, and dropping complements (see Table 3). Physical
examination showed fever above 102 °F, cervical lymphade-
nopathy, and diffuse bullous rash. Peritoneal fluid grew
Enterobacter cloacae and Enterococcus and he was started
on appropriate antibiotics. Due to his serologic findings and
cytopenias, he was treated with methylprednisolone, myco-
phenolate, and hydroxychloroquine. Ferritin was elevated at
6606 and platelets were decreased drastically at 3. Fibrinogen
was low at 114 and aspartate aminotransferase was elevated
at 388. He was found to have elevated soluble interleukin 2
receptor at 34 298 pg/mL (Table 3). Bone marrow evaluation
demonstrated marrow aplasia. The patient’s condition con-
tinued to decline despite treatment, and he became unrespon-
sive, eventually went into cardiac arrest and passed away.

His HScore was 186, indicating a 70% to 80% likelihood
of hemophagocytic syndrome such as MAS. He was found to
have a DIC score of 9 suggesting overt DIC.

Case 4

The patient was a 27-year-old female with 5-year medical
history of SLE who presented with deep infection to the leg.
The patient was treated with mycophenolate and prednisone
for her lupus. She developed renal insufficiency, respiratory
failure, hypofibrinogenemia, blood loss anemia, pancytope-
nia (with profound thrombocytopenia), deep vein thrombosis
lower extremity, lactic acidosis, and septic pulmonary embo-
lism during her hospitalization. Bronchoscopy revealed

diffuse hemorrhage. Despite various treatments, such as
platelets, plasma, and packed red blood cell transfusions,
the patient remained pancytopenic with diffuse bleeding.
Treatment with high-dose steroids, plaquenil, and mycophe-
nolate were to no avail. Soluble interleukin 2 receptor was
elevated at 4246 (pg/mL) and aspartate aminotransferase
was dramatically increased at 2370. D-dimer was elevated at
3816 and fibrinogen was decreased at 121. The patient had
increased ferritin at 24 608. She had severe coagulopathy
and went into cardiac arrest passing away soon after.

The patient had an HScore of 195 indicating an 80% to
88% likelihood of hemophagocytic syndrome and her DIC
score was 9 suggesting overt DIC.

Case 5

A 35-year-old male with a long history of antiphospholipid
syndrome was admitted with infarcted fingers and severe
pulmonary hypertension. Laboratory evaluation suggested
an overlap syndrome with the presence of anti-centromere,
anti-dsDNA, and low complements (see Table 3). Treatment
included high-dose steroids, hydroxychloroquine, and myco-
phenolate with no significant effect. The patient’s health
deteriorated with multi-organ failure including refractory
thrombocytopenia.

Intravenous immunoglobulin was not effective despite
the presence of megakaryocytes in the bone marrow. MAS
was considered based on elevations in ferritin, IL-2 receptor
(see Table 3), and refractory thrombocytopenia.

However, his HScore was low due to missing data.
Similarly, his DIC score was only 6 due to absence of
D-dimer and fibrinogen determinations. The patient’s condi-
tion continued to deteriorate. He was unresponsive and given
his poor prognosis no further interventions were attempted
and he succumbed shortly thereafter.

Case 6

The patient is a 24-year-old female with medical history of
SLE and lupus nephritis who developed refractory thrombo-
cytopenia and pancytopenia. Treatment included cyclophos-
phamide, mycophenolate mofetil, hydroxychloroquine, and
prednisone.

Physical examination was negative for any bruising, rash,
or fever, and the patient denied joint pain or bleeding at this
time although she had excessive menstrual bleeding. Serologic
status is outlined in Table 1. Peripheral smear showed schisto-
cytes suggesting microangiopathy. Prior marrow examination
confirmed adequate platelet production. In addition, standard
treatment for immune thrombocytopenia was ineffective. She
remained refractory with rising D-dimer, low fibrinogen, and
elevated IL-2 receptor.

In view of the patient’s refractory thrombocytopenia and
evidence for coagulopathy, she was placed on ruxolitinib (a
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Figure |. Multilayer model of pathogenic events leading to the development of macrophage activation syndrome (MAS) in the context
of rheumatic diseases. Genetic factors and the inflammatory milieu created by the underlying rheumatic disease act synergistically to
reach the threshold for MAS in the presence of an infectious trigger. Absence of perforin-dependent cytotoxicity in natural killer cells

and cytotoxic T lymphocytes leads to unbridled macrophage and T cell expansion and cytokine release.

Janus kinase 1 and 2 inhibitor) with resultant improvement
in platelet counts and dropping serum ferritin levels. The
patient has HScore of 145 indicating 16% to 25% chance of
hemophagocytic syndrome and DIC score of 9 suggesting
overt DIC.

As presented in Table 3, Patients 1 to 4 likely expired
from ongoing cytokine storm or MAS. Patient 5 had an inad-
equate database but likely died of MAS with features consis-
tent with catastrophic anti-phospholipid syndrome. Patient
6’s HScore is not diagnostic but we felt it was likely MAS as
typical treatment for immune thrombocytopenia was unsuc-
cessful over a year’s time with evidence of coagulopathy
(elevated D-dimer), hyperferritinemia, and elevated sIL-2
receptor at >2X normal in the context of a normal marrow
examination. In view of the above and failure to respond to
vigorous immunosuppression including cyclophosphamide,
we instituted therapy with ruloxitinib, a Janus 1 and 2 kinase
inhibitor reported to be helpful in treating MAS.® Since
beginning ruloxitinib, she has responded in all clinical
parameters. Our observations with this heterogeneous group
of patients point to consumptive coagulopathy as the under-
lying cause of each patients underlying refractory thrombo-
cytopenia (except perhaps Patient 3 who was aplastic).

3

Discussion

Macrophage activation syndrome is a hemophagocytic syn-
drome similar to HLH that is found in conjunction with rheu-
matic disease. It is most commonly associated with sJIA,
although it may also occur in patients diagnosed with adult-
onset Still’s disease, SLE, Kawasaki disease,' and auto-
inflammatory diseases.® Its incidence in adult patients is
increasingly recognized.”'®

Pathophysiology

The pathophysiology of MAS is unclear. Presently, it is
thought that MAS is due to a combination of genetic muta-
tions affecting the functionality of cytolysis (the destruc-
tion of the cell membrane, typically by osmotic forces) and
overwhelming IL-18 signaling leading to pro-inflammatory
cytokine storm!!'7!® (see Figure 1). Recent studies have
found it likely that MAS and fHLH do have genetic over-
lap, with nearly 40% of patients diagnosed with MAS car-
rying the same mono-allelic mutation associated with
cytotoxicity regulating genes as those with HLH.!”!® The
absence of physiologic cytolysis prevents natural killer cell
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Table 4. Criteria for Diagnosis of MAS in sJIA.

A febrile patient with known/suspected s)IA can be diagnosed with MAS if the following criteria are met:

I. A ferritin level >684 ng/mL PLUS any 2 of the following:
a. Platelet count <181 X 10%/L
b. Aspartate aminotransferase level >48 U/L
c. Triglyceride level >156 mg/dL
d. Fibrinogen level =360 mg/dL

Abbreviations: MAS, macrophage activation syndrome; sJIA, systemic juvenile idiopathic arthritis.

and cytotoxic T-cell mediated suppression of activated lym-
phocytes and results in cytokine storm most notably medi-
ated by interferon-y and interleukin-18.

Besides genetic predisposition, infectious triggers have
been identified. In fact, in nearly half of all hemophagocytic
cases, infection has been found to be associated. Epstein-
Barr virus, tuberculosis, malaria, salmonella, and typhoid
have been identified in rheumatic disease patients with
MAS.!31619 Cases 1 and 3 were likely triggered by a combi-
nation of the patient’s rheumatic disease and infection.

Diagnosis

Understanding of the clinical presentations of MAS is pri-
marily based on observations in sJIA patients. Disease pre-
sentation can vary from a “subclinical” presentation to a
severe and potentially life-threatening episode which occurs
in roughly 10% of those with sJIA.? The difficulty in mak-
ing the diagnosis of MAS lies in the fact that clinical presen-
tations, even severe, can vary as summarized in Table 1. For
comparison, the criteria for diagnosis in sJIA are presented
in Table 4.2°

Our observations note significant differences in clinical
presentation of adult patients with rheumatologic disease
with progression to MAS. Other reports note considerable
similarity with sJIA and criteria for diagnosis in SLE has
been suggested.?!">* The HScore (summarized in Table 2)
was developed and validated with this in mind. However,
rheumatic disease patients represented a minority of patients
in that study. HScore differs from the diagnostic criteria for
HLH by not including sIL-2 receptor concentrations. Based
on the HScore validation study published by Debaugnies
et al, a cutoff value of 169 corresponds to a sensitivity of
93% and specificity of 86%.°

Our patients did not have fever (perhaps because they
were already on glucocorticoids) and organomegaly was
not seen. MAS in sJIA is commonly seen after years of
chronic inflammation likely leading to hepatosplenomeg-
aly. The lowest levels of sIL-2 receptor in our patients
were >2X the upper limit of normal.? In addition, our
patient’s exhibited uniform evidence for ongoing DIC. All
patients were thrombocytopenic refractory to standard
therapies with evidence of adequate marrow-based platelet
production.

Treatment

The treatment for MAS remains problematic. While recom-
mendations include vigorous treatment of the underlying
rheumatic disease, we made the diagnosis based on refracto-
riness to standard therapy including high-dose steroids and
in most patients, cyclophosphamide. There exist reports of
improvement with IL-1 inhibition, IL-6 inhibition, cyclospo-
rine, and other immunosuppressive agents that may represent
instances of subclinical MAS.3?*?7 Unfortunately, standard
vigorous immunosuppression therapies were not very suc-
cessful in our patients.

We did note positive response to etoposide and ruxoli-
tinib.> Unfortunately, Patient 3 could not be supported after
developing severe cytopenia. Patient 6 clearly responded
although her clinical criteria were less severe than the other
patients her platelet counts, ferritin level, and D-dimer only
responded after ruxolitinib was started.

Conclusion

Macrophage activation syndrome is increasingly recognized
in ill patients with rheumatic diseases. The presence of refrac-
tory thrombocytopenia (lack of response to glucocorticoids,
intravenous immunoglobulin, and or immunosuppressive
agents) should prompt a laboratory evaluation of circulating
ferritin levels, ongoing fibrinolysis, and elevation in sIL-2R.
Our experience suggests treatment with etoposide or ruxoli-
tinib can at least partially reverse ongoing cytokine storm.
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