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Abstract: Here, we present a 22-year-old female patient with adult-onset Still’s disease (AOSD) who was 
newly diagnosed in the setting of secondary macrophage activation syndrome (MAS), a rare, life-threatening 
inflammatory disease with 50% mortality due to multi-organ failure. She met the diagnostic criteria of 
AOSD and MAS, while genetic testing excluded primary causes of MAS. She had high fevers, anemia, 
thrombocytopenia, splenomegaly, hematophagocytosis, and elevated serum ferritin (37,950 ng/mL) and 
CD25 levels (11,870 pg/mL), which remained unresponsive to corticosteroids and anakinra. Her serum 
interferon gamma (IFN-γ) levels were elevated (7 pg/mL). She was markedly responsive to IFN-γ blockade 
with emapalumab that eliminated her fevers and all MAS-associated laboratory abnormalities. This report 
provides initial evidence for therapeutic efficacy for IFN-γ blockade in AOSD and secondary MAS. 
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Introduction

Macrophage activation syndrome (MAS) is a rare, life-
threatening inflammatory disease with 50% mortality 
stemming from multi-organ failure (1). MAS, also known 
as hemophagocytic lymphohistiocytosis (HLH), is 
attributed to excessive activation of the immune system 
due to increased production of cytokines and enhanced 
phagocytosis by macrophages in the setting of infection, 
malignancy or autoimmune disease (2). Primary MAS or 
HLH is caused by genetic defects limiting the exocytosis 
of granules and function of cytotoxic T cells as seen in 
Griscelli syndrome 2 (GS-2) or Chédiak-Higashi syndrome 
(CHS) (3), which are traditionally treated with bone 
marrow transplantation (4). Genes mutated in patients with 
primary or familial MAS are involved in trafficking and 

docking of the cytolytic granules, including LYST, RAB27A, 
UNC13D, STXBP2, STX11 (2). In primary MAS, failure 
to kill the target cell by cytotoxic T lymphocytes (CTL) 
and natural killer (NK) cells elicits an uncontrolled release 
of pro-inflammatory cytokines, in particular, IFN-γ (1,5). 
Life-threatening manifestations of MAS are typically 
controlled by immediate administration of corticosteroids, 
etoposide, cyclosporine, or inhibitors of cytokines, such as 
interleukin-1 (IL-1) antagonist anakinra or interferon-γ-
blocking antibody, emapalumab (5,6). Among rheumatic 
autoimmune diseases, secondary MAS is most commonly 
associated with systemic juvenile idiopathic arthritis and 
systemic lupus erythematosus (2). Adult-onset Still’s disease 
(AOSD) is less commonly associated with MAS, and it is 
generally treated with inhibitors of tumor necrosis factor 
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α (TNF-α), IL-1, IL-6, or IL-18 (7). Although elevated 
IFN-γ levels have been reported in AOSD patients (8),  
this cytokine has not been targeted for therapeutic 
intervention. Here, we report a 22-year-old female patient 
with AOSD which was newly diagnosed in the setting of 
MAS. She had high fevers, anemia, thrombocytopenia, 
splenomegaly, hematophagocytosis, and elevated serum 
ferritin (37,950 ng/mL) and CD25 levels (11,870 pg/mL)  
that remained unresponsive to corticosteroids and anakinra. 
Her serum IL-1 and TNF-α levels were normal, while IL-6 
and interferon gamma (IFN-γ) were elevated. Given the 
safety (9) and biomarker-driven efficacy of IFN-γ blockade 
in mouse models (10) and primary MAS patients (11),  
we initiated emapalumab treatment which was found 
remarkably effective in eliminating her fevers, arthralgia, 
and all laboratory abnormalities. This report provides 
preliminary evidence for therapeutic efficacy for IFN-γ 
blockade in AOSD and secondary MAS. We present the 
following case in accordance with the CARE reporting 
checklist (available at http://dx.doi.org/10.21037/atm-20-
3127).

Case presentation

A 22 years old female was transferred to Upstate University 
Hospital with no significant past medical history other 
than mild intellectual disability and “knock knees” for 
further work-up and management of quotidian, remitting, 
and relapsing fevers, chills, and diffuse pruritic rash that 
first involved her extremities and subsequently spread to 
her entire body for two weeks prior to her hospitalization. 
Prior to her hospital admission, she went to urgent care 
for a pruritic rash which improved but did not resolve with 
a 5-day course of prednisone 20 mg/day. The family then 
presented to an emergency room at an outside hospital 
for diffuse pruritic rash and fever of 38.9 ℃. Basic labs 
and infectious workup for flu and streptococcus were 
negative, and she was sent home with acetaminophen, 
diphenhydramine and another 2-week tapering course 
of prednisone. Prednisone and diphenhydramine helped 
dissipate the rash, but she remained febrile. One week 
later she presented to our hospital with persistent fevers, 
rash, arthralgia, and myalgia. She denied any weight loss, 
weakness, headaches, changes in vison, nausea, vomiting, 
abdominal pain, diarrhea, dysuria, hematuria, mucosal 
ulcers, photosensitive rash, pleurisy or any other complaints. 
Her past medical history was remarkable for developmental 
delay and a 2-year history of intermittent left knee pain 

secondary to previous trauma. Her medications upon 
admission included daily acetaminophen, diphenhydramine 
and prednisone. She had no known allergies, or family 
history of autoimmune diseases or cancers. 

On admission, the patient was in mild distress. The 
temperature was 39 ℃ (Figure 1), blood pressure of 
122/80 mmHg, pulse of 135 beats per minute, and oxygen 
saturation of 94% on ambient air. Conjunctivae were pale, 
but not icteric. Her nasal and oral mucosae were clear. 
Lymphadenopathy was not palpable. Her liver function 
tests (LFTs) (Figure 1) and ferritin were elevated (Figure 1).  
She had a diffuse pinkish, non-blanching and macular 
rash located bilaterally on cheeks, chest, abdomen, back, 
buttocks, legs, arms, and hands (Figure 2). Pulmonary exam 
was normal without crackles or wheezes. The patient had 
tachycardia but regular rhythm. There was no pericardial 
friction rub, murmur, or gallop. There was no abdominal 
tenderness or organomegaly. There was no lower extremity 
edema. The remainder of the physical and neurological 
examinations was unremarkable.

Laboratory studies showed leukocyte count of 9,500/μL 
(normal range: 4,100–11,000/μL; normal range is provided 
in parentheses for laboratory studies), hemoglobin 12 g/dL  
(12–16 g/dL), and platelet count 156,000/μL (150,000–
450,000/μL). Her erythrocyte sedimentation rate (ESR) 
was 25 mm/h (0–30 mm/h). Prothombin time international 
normalized ratio was 1.29. C-reactive protein (CRP) was 
84.4 mg/L (<8.0 mg/L). Ferritin was 6,450 ng/mL (13– 
150  ng/mL)  on  day  2  a f t e r  admi s s ion .  Lac t a t e 
dehydrogenase was 290 U/L (84–246 U/L). Haptoglobin 
was 254 mg/dL (30–200 mg/dL). The following laboratory 
tests were normal on admission: creatinine kinase,  
17 U/L (20–180 U/L); blood urea nitrogen, 8 mg/dL 
(7–24 mg/dL); creatinine, 0.63 mg/dL (0.6–1.0 mg/dL); 
aspartate aminotransferase, 21 U/L (11–39 U/L); alanine 
aminotransferase, 8 U/L (12–78 U/L); alkaline phosphatase, 
55 U/L (45–117 U/L); albumin, 3.5 g/dL (3.2–4.5 g/dL); 
total bilirubin, 0.6 mg/dL (0–1.0 mg/dL); rheumatoid 
factor, 13 units (<14 IU/mL); Sjogren syndrome A 
autoantibody, 56 (0–99 AU/mL); Sjogren syndrome B 
autoantibody, 15 (0–99 AU/mL); Smith autoantibody, 10 
(0–99 AU/mL); ribonucleoprotein autoantibody, 19 (0– 
99 AU/mL); scleroderma-70 autoantibody, 25 (0– 
99 AU/mL);  centromere autoantibody,  2 AU/mL  
(0–99 AU/mL); Jo-1 autoantibody, 9 (0–99 AU/mL); 
double-stranded DNA antibody, 20 (0–99 AU/mL); 
histone antibody, 11 (0–99 AU/mL). Anti-nuclear 
antibody (ANA) and anti-neutrophil cytoplasmic antibody 
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tests were negative. Complements C3 and C4 were 
normal at 112 mg/dL (90–180 mg/dL) and 18 mg/dL 
(10–40 mg/dL), respectively, while total complement 
activity (CH50) was 40 U/mL (42–999,999 U/mL).  
Soluble interleukin-2 receptor alpha (sIL-2Rα or sCD25) 
was elevated at 1,372 U/mL (223–710 U/mL). β2 
glycoprotein I and cardiolipin IgA, IgG, IgM antibodies 
and diluted Russell viper venom time, hexagonal phase 
phospholipid neutralization and platelet neutralization 
procedures were all negative. Direct and indirect Coombs 
tests were negative. Urine protein/creatinine ratio was  
0.29 mg/mg. Infectious workup included blood cultures and 
serological testing for human immune deficiency virus-1, 
syphilis, hepatitis A, B and C viruses, parvovirus B19, Lyme 
IgM and IgG antibodies, and monospot assay, which were 
all negative. EBV nuclear antigen antibody was elevated 
at 2.52 (reference range: <0.91 ISR) and EBV VCA IgG 
p18 antibody was elevated at 2.93 (<0.91 ISR). However, 
EBV IgM was within normal limits and EBV DNA PCR 
was negative. CMV IgM and IgG were negative. Coxsackie 
A Type 16 IgG titers were elevated at 1:200 (negative: 
<1:100 titer). Coxsackie A24 IgG titer was elevated at 1:200 
(negative: <1:100 titer). Coxsackie A7, A16, and A24 IgM 
antibodies were negative. This female Caucasian patient 
had no family history of AOSD or MAS, and genetic testing 

for mutations in LYST, RAB27A, UNC13D, STXBP2, and 
STX11 excluded primary MAS (2). CT thorax with contrast 
showed trace left pleural effusion with minimal atelectasis in 
the left lung base. CT abdomen/pelvis with contrast showed 
scattered sub-centimeter retroperitoneal lymph nodes 
without evidence of organomegaly or masses. A peripheral 
blood leukemia and lymphoma panel was negative.

Upon admission, she was evaluated by rheumatology. 
Adult onset stills disease (AOSD) was a considered as a 
primary diagnosis given her fevers of >39 ℃ ongoing for  
2 weeks, recurrent bilateral knee pain and tenderness, mild 
leukocytosis, elevated ferritin, erythrocyte sedimentation 
rate (ESR) and C-reactive protein (CRP) levels and diffuse 
erythematous rash. She met all four major criteria and 
three of four minor criteria for the diagnosis of AOSD (12),  
while active infections and malignancy were excluded 
(Table 1). Punch biopsy of the skin rash was consistent 
with neutrophilic urticarial dermatosis (Figure 2), which 
is commonly seen in AOSD (13-15). Three days after 
admission the decision was made to start prednisone 
60 mg/day for AOSD. Despite 60 mg/day prednisone 
she continued to spike fevers and ferritin continued to 
increase while ESR and CRP were normalized. There was 
a concern for MAS, and therefore, ferritin, triglycerides, 
fibrinogen, CBC with differential and CMP were trended 

Figure 1 Effect of emapalumab on disease manifestations and laboratory parameters in a 22-year-old female with AOSD and MAS. Data 
reflect changes from hospitalization on December 28, 2019. (A) Fever. (B) Liver function, triglyceride, and fibrinogen levels. (C) Plasma 
ferritin levels. (D) Hemoglobin (Hgb) levels. (E) White blood cell (WBC) counts. (F) Platelet counts.
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Figure 2 Neutrophilic dermatosis in 22-year-old female patient with AOSD and MAS. (A) Maculopapular rash on hands. (B) Maculopapular 
rash on left thigh. (C) Right thigh skin biopsy shows intradermal neutrophilic infiltration three days post admission before initiating high-
dose (1 g/day) methylprednisolone treatment. (D) Perivascular neutrophilic infiltration in the dermis layer of the skin. Hematoxylin-eosin 
staining. Size markers reflect 100- and 400-fold original magnifications in panels C and D, respectively.
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Table 1 Yamaguchi criteria for diagnosis of Still’s disease and the patient’s parameters

Yamaguchi diagnostic criteria for AOSD Patient

Major criteria Major criteria 

Fever >39 ℃ >1 week Fever >39 ℃ >2 weeks*

Arthralgia/arthritis >2 weeks Arthralgia in knees >2 weeks*

Typical rash Diffuse macular rash* 

WBC >10,000 with 80% PMN’s WBC 10.3 on day 3 after admission* 

Minor criteria Minor criteria

Sore throat No sore throat 

Lymphadenopathy Retroperitoneal lymph nodes* 

Increased LFTs AST 45 U/L on admission* 

RF and ANA negative RF and ANA negative*

Five or more criteria are required, of whom two or more must be major. Criteria that the patient fulfilled are marked with *. Presence of 5 
or more criteria of which at least 2 are major yields a 96% sensitivity, 92% specificity. Still’s disease is a diagnosis of exclusion. Infection, 
malignancy and autoimmune diseases should be ruled out first. 
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Table 2 Diagnostic criteria of HLH used in the HLH-2004 trial and the patient’s fulfilled parameters along with additional cytokine levels (16,17) 

HLH-2004 criteria Patient

Fever ≥38.5 ℃ Tmax: 39.3 ℃ (102.8 ℉)^

Splenomegaly  (>12 cm craniocaudal length) 15.4 cm craniocaudal length^

Peripheral Blood Cytopenia with at least 2 of the following:

Hemoglobin <9 g/dL Hemoglobin, 11.1 g/dL

Platelets <100,000/microL Platelets, 89,000/microL

Absolute Neutrophil count <1,000/microL Absolute neutrophil count, 3,100/microL

Hypertriglyceridemia (fasting triglycerides >265 mg/dL or 
Hypofibrinogenemia (fibrinogen <150 mg/dL)

234 mg/dL; 156 mg/dL

Hemophagocytosis in bone marrow, spleen, lymph node, or liver Bone marrow showed hemophagocytosis^

Ferritin >500 ng/mL Max: 37,950 ng/mL

Elevated soluble CD25 [soluble IL-2 receptor alpha (sIL-2R)] two 
standard deviations above age-adjusted laboratory-specific norms 

Max: 11,870 pg/mL^; Diluted and confirmed [nl ≤1,033 pg/mL]

NK cell activity 53.6% [nl ≥2.6%]

For a diagnosis of HLH, 5 out of the 8 criteria need to be met. Criteria that the patient fulfilled are marked with ^.

daily. She was pulse dosed daily with 1 g of intravenous 
(IV) methylprednisolone for 3 days starting on the 4th day 
of her hospital course. This was followed by 60 mg of 
daily IV methylprednisolone along with 100 mg of daily 
subcutaneous anakinra for underlying AOSD. She initially 
presented with a platelet count of 156,000/uL which down 
trended to 73,000/uL thirteen days into hospitalization. 
Her spleen size was 13.8 cm on admission, and it reached 
15.4 cm on day 14 of hospitalization (Table 2). 

Desp i te  rece iv ing  e leven  days  o f  in t ravenous 
corticosteroids and anakinra, the patient continued to have 
high fevers and rash and her labs kept worsening (Figure 1).  
Her ferritin steadily increased peaking at 37,950 ng/mL 
(13–150 ng/mL). Thus the patient already met four of the 
eight HLH-2004 criteria (splenomegaly, fever >38.5 ℃, 
ferritin >500 ng/mL, elevated levels of soluble IL-2 receptor 
CD25, sCD25; Table 2), NK cell activity, and a bone 
marrow biopsy were obtained on day 17 of hospitalization. 
While NK activity was normal, the bone marrow biopsy 
revealed hemophagocytosis, phagocytosis of intact red cells 
and platelets (Figure 3), thus solidifying the diagnosis of 
MAS (Table 2). 

In order to facilitate early diagnosis and avoid delays in 
treatment of MAS, a scoring system termed HScore has 
been developed (18). The HScore is comprised of 9 criteria: 
3 clinical, 5 laboratory and 1 histological (18). The H score 
has been shown to perform better than the HLH-2004 

criteria if used at presentation with sensitivity of 90% and 
specificity of 79% (18). Our patient had an HScore of 233 
that corresponds to >98% probability of MAS (Table 3). 

Her serum IL-1 and TNF-α levels were normal, while 
IL-6 and interferon gamma (IFN-γ) were elevated (Table 4).  
Molecular studies from the bone marrow did not show 
mutations in susceptibility genes such as AP3B1, AP3D1, 
CD27, CD70, CTPS1, GATA2, ITK, LYST, MAGT1, 
NLRC4, PRF1, RAB27A, SH2D1A, SLC7A7, STX11, 
STXBP2, UNC13D, XIAP. 

As the patient has persistent fevers and her MAS-
relevant laboratory markers have worsened on high dose 
steroids and IL-1 blockers, she was started on emapalumab 
at a dosage of 1mg/kg on the 19th day of hospital admission. 
IV methylprednisolone was switched to IV dexamethasone 
20 mg daily. She was also started on acyclovir 400 mg/day  
for herpes zoster prophylaxis, fluconazole 400 mg/day 
for fungal prophylaxis, and atovaquone 1,500 mg/day 
for pneumocystis jiroveci pneumonia prophylaxis while 
on emapalumab. Febrile episodes recorded as high as 
39.4 ℃. Repeat abdominal ultrasound showed worsening 
splenomegaly from 14.5 to 15.4 cm craniocaudal length. 
Given worsening labs and increasing splenomegaly her 
emapalumab dosing was increased to 3 mg/kg for her 
second dose based on emapalumab dosing directions. After 
the second dose, her ferritin, platelets, LFTs, fibrinogen, 
and triglycerides all began to improve (Figure 1). Follow up 
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Figure 3 Detection of phagocytosis of intact red blood cells and platelets by macrophages in the smear of bone marrow aspirate. Red 
blood cells are marked with red arrows, while platelets are marked by blue arrows. (A) Macrophage is engulfing an intact red blood cell. 
(B) Macrophage is engulfing multiple intact red blood cells. (C) Macrophage is engulfing platelets. (D) Macrophage is engulfing platelets. 
Wright's stain, 500-fold magnification.
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Table 3 The HScore. A score of 200 gives a 90% chance of HLH (19)

Parameter Number of points (criteria for scoring) Patient

Known underlying immunosuppression# 0 (no) or 18 (yes) 0

Temperature (℃) 0 (<38.4), 33 (38.4–39.4), or 49 (>39.4) 33

Organomegaly 0 (no), 23 (hepatomegaly or splenomegaly),  
or 38 (hepatomegaly and splenomegaly)

23

No. of cytopenias## 0 (1 lineage), 24 (2 lineages), or 34 (3 lineages) 24

Ferritin (ng/mL) 0 (<2,000), 35 (2,000–6,000), or 50 (>6,000) 50

Triglyceride (mmoles/L) 0 (<1.5), 44 (1.5–4), or 64 (>4) 44

Fibrinogen (gm/L) 0 (>2.5) or 30 (≤2.5) 5

Serum glutamic oxaloacetic transaminase (IU/L) 0 (<30) or 19 (≥30) 19

Hemophagocytosis features on bone marrow aspirate 0 (no) or 35 (yes) 35

Total HScore 233
#, Human immunodeficiency virus positive or receiving long-term immunosuppressive therapy (i.e., glucocorticoids, cyclosporine, 
azathioprine). ##, Defined as a hemoglobin level of ≤9.2 gm/dL and/or a leukocyte count of ≤5,000/mm3 and/or a platelet count of 
≤110,000/mm3.
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abdominal ultrasound showed improved splenomegaly at 
13.6 cm craniocaudal length on day 33 of hospitalization. 
The patient continued to receive emapalumab at 3 mg/kg  
and received a total of 6 infusions inpatient. She no 
longer spiked fevers, was hemodynamically stable, and 
labs continued to show improvement. She tolerated the 
infusion well without any side effects or complications. She 
was discharged on dexamethasone 20 mg/day along with 
antibiotics for prophylaxis of fungal, viral, and bacterial 
infections. Her hospital length of stay was 36 days. In the 
outpatient rheumatology setting, she has since received 
3 more infusions of emapalumab and her daily oral 
dexamethasone dosage has been reduced from 20 mg to  
2 mg. Her most recent ferritin from her outpatient office 
visit was 122 ng/mL. Emapalumab elicited complete 
resolution of her MAS after five infusions 3 days apart 
followed by 4 infusions 1 week apart. The last three 
infusions of 3 mg/kg emapalumab were administered in the 
outpatient setting. She is currently maintained on 2 mg/day 
dexamethasone. She is in complete remission with exception 
of residual rash on her hands (Figure 2).

The patient provided written consent in approval of 
the publication of her case without personal identifying 
information. Her consent was witnessed by both of her 
parents. 

Discussion

MAS has an overall mortality rate of 50% (1). Secondary 
MAS affects up to 15% of AOSD patients (19), and it 

is considered to be the most severe complication of the 
disease with high mortality rate approaching 41% (20). 
Treatment for primary MAS/HLH requires bone marrow 
transplantation along with immunosuppression using 
dexamethasone, etoposide, cyclosporine A and intrathecal 
methotrexate for CNS involvement (21). There has been 
little consensus on the treatment of secondary MAS. 
Therapy is typically directed at addressing the MAS and 
the underlying cause, such as infection, malignancy, or 
autoimmune disease (2). 

In primary MAS, failure to kill the target cell leads to 
uncontrolled expansion of cytotoxic T lymphocytes and NK 
cells trigger an uncontrolled activation of macrophages and 
vast overproduction of cytokines particularly IFN-γ (1,2). 
Emapalumab, is an interferon-gamma blocking monoclonal 
antibody that was approved on November 20, 2018 by 
the FDA for adult and pediatric patients with primary 
HLH with refractory, recurrent or progressive disease or 
intolerance with conventional therapy. Our patient was 
unresponsive to high dose steroids and anakinra targeting 
her AOSD. While IFN-γ production has been implicated 
in its pathogenesis (8), blockade of this cytokine has not 
been targeted for therapeutic intervention in AOSD. 
Given the rapidly fatal course of MAS and the toxicity 
associated with conventional cytotoxic treatments, such as 
cyclophosphamide, etoposide, and calcineurin inhibitors 
(16,22,23), we elected to administer emapalumab, which 
has been approved by the FDA for refractory primary MAS 
on November 20, 2018. She had complete resolution of 
her MAS on emapalumab, which eliminated her fevers, 
arthralgia, splenomegaly, liver injury, and all laboratory 
abnormalities. Therefore, this study provides preliminary 
evidence for therapeutic efficacy for IFN-γ blockade in 
AOSD and secondary MAS. These findings warrant further 
assessment of the clinical efficacy of emapalumab in patients 
with AOSD and secondary MAS.

Conclusions

This study provides preliminary evidence for therapeutic 
efficacy for IFN-γ blockade in AOSD and secondary 
MAS. Therefore, elevated production of IFN-γ should 
be considered as a targetable biomarkers of disease 
pathogenesis. This report warrants further assessment of 
the clinical efficacy of emapalumab in patients with AOSD 
and secondary MAS.

The patient and her family have expressed great 
appreciation for the care they received. As of 5/26/2020, 

Table 4 Cytokine levels in 22-year-old female with AOSD and 
MAS

Cytokine Plasma levels

Interferon γ level 7 pg/mL [nl ≤5]

Interleukin-1β level 34 pg/mL [nl ≤36]

Interleukin-2 level 48 pg/mL [nl ≤12]

Interleukin-4 level 8 pg/mL [nl ≤5]

Interleukin-5 level <5 pg/mL [nl ≤5]

Interleukin-6 level 8 pg/mL [nl ≤5]

Interleukin-8 level <5 pg/mL [nl ≤5]

Interleukin-10 level 28 pg/mL [nl ≤18]

Interleukin-13 level <5 pg/mL [nl ≤5]

Tumor necrosis factor α 7 pg/mL [nl ≤22]
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the patient is in complete remission without any clinical 
symptom, such as rash or facial swelling due to exposure to 
high doses of glucocorticoids. The family considered the 
effect of this new treatment to be a miracle.
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