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ABSTRACT
Objectives Macrophage activation syndrome (MAS) 
is a severe, life- threatening complication of systemic 
juvenile idiopathic arthritis (sJIA) and adult- onset Still’s 
disease (AOSD). The objective of this study was to 
confirm the adequacy of an emapalumab dosing regimen 
in relation to interferon-γ (IFNγ) activity by assessing 
efficacy and safety. The efficacy outcome was MAS 
remission by week 8, based on clinical and laboratory 
criteria.
Methods We studied emapalumab, a human anti- IFNγ 
antibody, administered with background glucocorticoids, 
in a prospective single- arm trial involving patients 
who had MAS secondary to sJIA or AOSD and had 
previously failed high- dose glucocorticoids, with or 
without anakinra and/or ciclosporin. The study foresaw 
4- week treatment that could be shortened or prolonged 
based on investigator’s assessment of response. Patients 
entered a long- term (12 months) follow- up study.
Results Fourteen patients received emapalumab. All 
patients completed the trial, entered the long- term 
follow- up and were alive at the end of follow- up. The 
investigated dosing regimen, based on an initial loading 
dose followed by maintenance doses, was appropriate, 
as shown by rapid neutralisation of IFNγ activity, 
demonstrated by a prompt decrease in serum C- X- C 
motif chemokine ligand 9 (CXCL9) levels. By week 8, 
MAS remission was achieved in 13 of the 14 patients at 
a median time of 25 days. Viral infections and positive 
viral tests were observed.
Conclusions Neutralisation of IFNγ with emapalumab 
was efficacious in inducing remission of MAS secondary 
to sJIA or AOSD in patients who had failed high- dose 
glucocorticoids. Screening for viral infections should be 
performed, particularly for cytomegalovirus.
Trial registration number NCT02069899 and 
NCT03311854.

INTRODUCTION
Macrophage activation syndrome (MAS) is a form 
of secondary haemophagocytic lymphohistiocytosis 
(HLH) occurring as a life- threatening complication 
of rheumatic diseases.1 It is most frequent in systemic 
juvenile idiopathic arthritis (sJIA) and adult- onset 
Still’s disease (AOSD), affecting about 10%–20% of 
patients.1–4 sJIA and AOSD are considered the same 
disease named differently depending only on age at 

onset below or above 16 years, respectively.2 3 5 The 
incidence and features of MAS are similar in the 
two age groups.2 5 We use the term sJIA/AOSD to 
collectively identify these patients.

Similar to other forms of HLH, MAS is caused 
by excessive activation and expansion of T 
lymphocytes and macrophages resulting in hyper-
inflammation.1 6 7 MAS is characterised by fever, 
hepatosplenomegaly, cytopenias, liver dysfunction, 
coagulation abnormalities and hyperferritinaemia, 
and may progress to multiple organ failure, with 
mortality rates of 10%–20%.4

MAS is treated with high- dose glucocorticoids 
with satisfactory response in two- thirds of the 
patients.4 8 In patients unresponsive to glucocorti-
coids, ciclosporin is usually added. Treatment with 
cyclophosphamide, etoposide, intravenous immu-
noglobulin, etanercept, anakinra, tocilizumab, JAK 
inhibitors and plasmapheresis, have been described 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Macrophage activation syndrome (MAS) 
is a severe and potentially life- threatening 
complication of systemic juvenile idiopathic 
arthritis and adult- onset Still’s disease.

 ⇒ There are no therapeutic options that have been 
prospectively investigated in MAS.

 ⇒ Data in animal models and ex vivo data from 
humans with MAS led to the hypothesis that 
interferon-γ (IFNγ) has a pathogenic role in 
MAS.

WHAT THIS STUDY ADDS
 ⇒ This open- label multicentre trial using 
emapalumab, an anti- IFNγ antibody, in 
patients who have failed to respond to high- 
dose glucocorticoids, demonstrates that IFNγ 
has a pathogenic role in MAS and that its 
neutralisation markedly improved MAS.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ The results of this study show that 
neutralisation of IFNγ with emapalumab is a 
therapeutic option for patients with severe MAS 
who have failed standard of care with high- 
dose glucocorticoids.
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in case reports or small series.4 8–12 None of these regimens have 
been prospectively investigated.

Overproduction of interferon-γ (IFNγ) is present and patho-
genic in animal models of MAS.13–16 In sJIA/AOSD, high IFNγ 
activity demonstrated by high serum levels of C- X- C motif 
chemokine ligand 9 (CXCL9), a chemokine selectively induced 
by IFNγ,17 is associated with MAS onset and severity.18–22

We studied emapalumab, a fully human anti- IFNγ antibody, 
in patients with MAS secondary to sJIA/AOSD who failed high- 
dose glucocorticoids.

METHODS
This phase II, open- label, single- arm trial (NI- 0501- 06;  Clinical-
Trials. gov Identifier NCT03311854), conducted at five sites in 
Italy, France, Spain, the UK and the USA, comprised screening, a 
treatment period of 28 days and a short- term 4- week follow- up. 
Data were collected up to 12 months in a long- term follow- up 
study (NI- 0501- 05;  ClinicalTrials. gov Identifier NCT02069899) 
(online supplemental figure S1 in the online supplemental 
appendix). Results from both studies are reported.

FDB, AG, MB and CdM designed the study. The sponsor was 
also responsible for data collection, management and analysis. 
All authors vouch for the accuracy and completeness of the data 
and analyses, and for the fidelity of the study to the protocol.

Patient involvement
The study was presented and discussed at the 2016 and 2017 
meetings of the sJIA Foundation in Washington, DC, USA. Infor-
mation on the study for patients and families was published on 
the sJIA Foundation website. Dissemination of the data gath-
ered from the study is planned to be discussed with the sJIA 
Foundation.

Patients
Patients had sJIA based on International League Against Rheu-
matism criteria,23 or AOSD based on Yamaguchi criteria.24 
For patients presenting with MAS at sJIA onset, presumption 
of sJIA was based on Childhood Arthritis and Rheumatology 
Research Alliance criteria.25 Patients had MAS, according to 
American College of Rheumatology/EULAR criteria,26 and an 
inadequate response to high- dose intravenous glucocorticoids 
according to the treating physicians. High- dose glucocorticoids 
were defined as ≥2 mg/kg/day of prednisone equivalent in two 
divided doses, or at least 60 mg/day in patients weighing 30 kg 
or more, including but not limited to pulses up to 30 mg/kg/day 
for at least 3 consecutive days. Patients with active infections 
potentially favoured by IFNγ neutralisation (typical and atypical 
mycobacteria, Histoplasma capsulatum, Shigella, Salmonella, 
Campylobacter and Leishmania) were excluded (see online 
supplemental appendix 1). Eligibility criteria are listed in online 
supplemental table S1.

Treatment
Emapalumab infusions were administered on a background of 
glucocorticoids. The initial dose of emapalumab was 6 mg/kg 
on day 0, followed by 3 mg/kg every 3 days until day 15 and 
twice weekly until day 28. Treatment with emapalumab could be 
stopped on investigator’s assessment of remission, but not before 
three emapalumab doses have been administered. Frequency 
between infusions could be shortened, dose could be increased 
or treatment prolonged on investigator’s assessment of unsat-
isfactory response. Ciclosporin could be continued, if started 
at least 3 days before initiating emapalumab. Interleukin (IL)- 1 

and IL- 6 inhibitors were not allowed. An amendment allowed 
continuation of anakinra, if started at least 3 days before initi-
ating emapalumab, and its introduction during the study, at a 
maximum dose of 4 mg/kg/day to treat the underlying sJIA/
AOSD. Tocilizumab and canakinumab were not allowed during 
the trial. Prophylaxis against herpes zoster was administered as 
per local standards. Glucocorticoid tapering could be initiated as 
soon as the patients’ conditions allowed based on investigator’s 
assessment.

Outcomes
The objective was to confirm the adequacy of the emapalumab 
dosing regimen in relation to IFNγ activity by assessing effi-
cacy and safety. Serum levels of emapalumab, total (free and 
emapalumab- bound) IFNγ, CXCL9 and soluble IL- 2 receptor 
were measured (online supplemental appendices 2 and 3).

The efficacy outcome was MAS remission by week 8, defined 
as resolution of clinical signs and symptoms (online supple-
mental table S2) according to the physician global assessment 
(visual analogue scale ≤1/10) and white blood cell and platelet 
count above lower limit of normal, lactate dehydrogenase 
(LDH), alanine aminotransferase and aspartate aminotrans-
ferase below 1.5 times upper limit of normal (ULN), fibrinogen 
>100 mg/dL and ferritin levels27 decreased by at least 80% or 
below 2000 ng/mL, whichever was lower. Other efficacy evalu-
ations included glucocorticoid dose (expressed as mg/kg/day of 
prednisone- equivalent) and survival. Adverse events (AEs) were 
assessed. During the long- term follow- up, evaluations included 
MAS episodes, AEs, pharmacokinetics and pharmacodynamics.

Statistical analysis
The analysis population included all patients. Categorical vari-
ables are presented with the number and percentage within each 
category. Continuous variables are reported as median (range). 
Laboratory parameters of MAS were measured locally.

RESULTS
Study population
Fourteen patients received emapalumab. All completed the study 
and entered long- term follow- up. Thirteen patients had sJIA 
onset before 16 years, and one AOSD with onset at 16 years 
and 9 months. Four patients had presumption of sJIA, which 
was later confirmed. Six patients had a total of 19 previous MAS 
episodes in their history, treated with high- dose glucocorticoids, 
with the addition of anakinra and/or ciclosporin in approxi-
mately half.

During the week preceding emapalumab, all patients were 
receiving high- dose intravenous glucocorticoids, as per protocol. 
In addition, eight were receiving ciclosporin and seven anak-
inra (table 1). Of the patients treated with anakinra, three were 
receiving standard doses for sJIA (≤4.0 mg/kg/day), and four 
high doses ranging from 7.5 to 15 mg/kg/day. Patients had severe 
MAS at baseline, shown by high physician assessment of MAS 
activity and marked abnormalities of laboratory parameters 
(table 2). Notably, worsening or no improvement of labora-
tory parameters was observed between screening and baseline, 
despite ongoing treatment.

Of the 14 patients, 6 received emapalumab up to day 28. In 
seven patients who had MAS remission per investigator’s assess-
ment, it was possible to discontinue emapalumab earlier. One 
patient continued emapalumab up to day 39. The median treat-
ment duration was 27 days (range, 7–39) with the number of 
infusions ranging from 3 to 17 per patient.
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Pharmacokinetics and pharmacodynamics
All patients received an initial dose of emapalumab of 6 mg/kg 
followed by doses of 3 mg/kg. The initial dose allowed to rapidly 
reach serum concentrations of emapalumab close to the steady- state 
concentrations obtained with the doses of 3 mg/kg (figure 1A). The 
dosing interval was transiently shortened from 3 to 2 days in three 
patients based on clinical and laboratory parameters suggestive of 
incomplete response. In two of these patients the dosing interval was 
shortened for several infusions. In these two patients, measurement 

of emapalumab concentrations showed rapid drug clearance consis-
tent with target- mediated drug disposition associated with high 
levels of total IFNγ (online supplemental figure S2).28

At baseline, CXCL9 concentrations were markedly elevated 
in all patients, indicating high IFNγ activity (figure 1B). Total 
IFNγ concentrations were variable across patients (figure 1C). 
Total IFNγ concentrations at day 3 (at equilibrium between 
free and emapalumab- bound IFNγ) reflect IFNγ production at 
baseline.27 28 There was no correlation between total IFNγ at 
day 3 and CXCL9 levels at baseline (not shown). Soluble IL- 2 
receptor levels at baseline were markedly elevated in all patients 
(figure 1D).

Emapalumab administration led to a rapid decrease in serum 
CXCL9 levels, indicating neutralisation of IFNγ activity and 
therefore the appropriateness of the selected dosing regimen. 
Patients with elevated total IFNγ at day 3 also showed a decrease 
in total IFNγ concentrations over time indicating decreasing 
IFNγ production over time. Soluble IL- 2 receptor concentra-
tions also decreased markedly (figure 1D), indicating decreasing 
T cell activation. During long- term follow- up, in the absence 
of high IFNγ production, as shown by low levels of total IFNγ, 
emapalumab showed a slow linear terminal elimination phase 
with a half- life of 24 days, like that in healthy subjects (online 
supplemental figure S3).28 Total IFNγ, CXCL9 and soluble IL- 2 
receptor levels were close to, or within, the normal range (online 
supplemental table S3).

Efficacy
During emapalumab administration, physician global assess-
ment of MAS activity and MAS laboratory parameters rapidly 
improved in all patients while glucocorticoids were tapered.

By week 8, 13 patients (93%) achieved MAS remission at a 
median time of 25 days after emapalumab initiation, the earliest 
at day 9 (figure 2). At week 8, 2 of the 13 patients who had 
previously achieved MAS remission did not meet the criteria of 
MAS remission because of a single laboratory abnormality (one 
with LDH 1.7- fold above the ULN; one with white blood cells 
at 4.8×109/L with lower limit of normal at 5.5×109/L). One 

Table 1 Baseline demographics and clinical characteristics of the 
patients

Demographic (n=14)

Age, years, median (range) 11.0 (2–25)

Sex, female, n (%) 10 (71.4)

Weight, kg, median (range) 45.9 (12.0–68.8)

Age at diagnosis of sJIA/AOSD, years, median (range) 10.5 (1–17)

Previous MAS episodes

  Patients with previous MAS episodes, n (%) 6 (43%)

  Total number of previous MAS episodes 19

  Number of MAS episodes per patient* 3 (1–6)

Treatment of the current MAS episode prior to emapalumab

  High- dose intravenous glucocorticoids, n (%) 14 (100)

  Average daily dose during week −1,† mg/kg prednisone- 
equivalent, median (range)

15.7 (0.8–36.4)

  Ciclosporin,‡ n (%) 8 (57.1%)

  Anakinra,‡ n, (%) 7§ (50)

  Average daily dose during week −1,† mg/kg, median (range) 4.2 (1.6–13.9)

  IVIG, n (%) 3 (21.4)

*Patients with no previous MAS episode(s) are excluded from the calculation of the 
median (range).
†Week prior to emapalumab administration.
‡Five patients received anakinra and ciclosporin, concomitantly.
§One additional patient received anakinra until 11 days prior to start of 
emapalumab administration.
AOSD, adult- onset Still’s disease; IVIG, intravenous immunoglobulin; MAS, 
macrophage activation syndrome; sJIA, systemic juvenile idiopathic arthritis.

Table 2 MAS activity, as defined by physician’s assessment, and laboratory features of MAS before, during and after emapalumab treatment

Screening (n=14) Baseline (n=14) Week 2 (n=14) Week 4 (n=14) Week 8 (n=14)

Physician assessment of MAS activity*, cm, median (range) 8.3 (2.0–10.0) 8.0 (2.0–10.0) 2.3 (0.0–9.5) 0.3 (0.0–6.5) 0 (0.0–1.0)

Ferritin, ng/mL, median (range) 19 865 (367–192 584) 25 709 (716–192 584) 1410 (65–29 099) 180 (22–18 430) 55 (4–561)

  Increased, n (%)† 13 (93) 14 (100) 9 (64) 2 (14) 0 (0)

WBCs, 109/L, median (range) 5.8 (1.0–25.7) 5.1 (0.9–25.7) 8.4 (0.9–32.6) 12.3 (2.4–34.7) 9.5 (4.8–22.6)

  Decreased, n (%)‡ 6 (43) 7 (50) 4 (29) 1 (7) 1 (7)

Platelets, 109/L, median (range) 152 (48–546) 112 (52–558) 284 (55–590) 336 (104–591) 383 (214–915)

  Decreased, n (%)‡ 6 (43) 9 (64) 4 (29) 2 (14) 0 (0)

Aspartate aminotransferase, U/L, median (range) 244 (26–3814) 190 (19–2039) 34 (5–146) 29 (16–100) 28 (15–52)

  Increased, n (%)§ 12 (86) 10 (71) 3 (21) 1 (7) 0 (0)

Alanine aminotransferase, U/L, median (range) 190 (139–3179) 302 (70–1492) 61 (18–327) 45 (23–195) 28 (7–59)

  Increased, n (%)§ 14 (100) 14 (100) 6 (43) 5 (35.7) 0 (0)

LDH, U/L, median (range) 1699 (859–12 734) 1502 (588–12 734) 518 (283–1572) 592 (277–810) 497 (306–741)

  Increased, n (%)§ 13 (100) 13 (93) 6 (43) 4 (29) 2 (14)

Fibrinogen, mg/dL, median (range) 230 (137–341) 174 (70–465) 244 (145–515) 279 (200–460) 337 (190–460)

  Decreased, n (%)¶ 0 (0) 1 (7) 0 (0) 0 (0) 0 (0)

*MAS activity was based on a 10 cm visual analogue scale, with scores ranging from 0 to 10 and higher score indicating higher activity.
†Increased ferritin was defined as ferritin >684 ng/mL as per 2016 Classification Criteria for MAS complicating sJIA.23

‡Decreased white blood cell and platelet were defined as counts below the lower limit of normal for age of local laboratory.
§Increased alanine aminotransferase, aspartate aminotransferase and LDH were defined as values above 1.5 the upper limit of normal range of local laboratory.
¶Decreased fibrinogen was defined as fibrinogen <100 mg/dL.
LDH, lactate dehydrogenase; MAS, macrophage activation syndrome; WBC, white blood cells.
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patient who stopped emapalumab after three doses on investi-
gator’s assessment of remission never met the criteria of MAS 
remission only because of LDH levels 1.5- fold above the ULN.

All laboratory parameters of MAS rapidly improved on initi-
ation of emapalumab with evident improvement at week 1 and 
with all parameters being normal in the majority of patients by 
week 4 (figure 3, table 2 and online supplemental figure S4).

During long- term follow- up, 13 patients did not have MAS 
episodes. One patient had a MAS episode 11 months after stop-
ping emapalumab, when emapalumab was undetectable in serum. 
At the end of the long- term follow- up, 10 patients met the MAS 
remission criteria. Four did not meet these criteria because of 
either mild abnormality in one laboratory value (n=1), MAS 
activity at 1.5 cm (n=1), missing data (n=1) or absence of data 
as the patient missed the 12- month visit (online supplemental 
table S4).

Tapering of glucocorticoids occurred rapidly after emapa-
lumab initiation. During the week preceding emapalumab, the 
median average daily dose was 15.7 mg/kg/day prednisone- 
equivalent, 2.3 mg/kg during week 2 and 0.56 mg/kg during 
week 8 (figure 4). At the end of the long- term follow- up, 
five patients were not receiving glucocorticoids and six were 
receiving <0.3 mg/kg/day prednisone- equivalent. Two patients 
were receiving between 1 and 2 mg/kg: the above- mentioned 
patient with a MAS episode and one patient with lung disease 
associated with sJIA. Data on glucocorticoid dose for one patient 
at the last follow- up visit are not available, as the patient missed 
the visit.

Eight patients were receiving ciclosporin at baseline. Ciclo-
sporin was discontinued in two patients early after emapalumab 
initiation (day 4 and 10) and in four additional patients during 
long- term follow- up.

During the trial, anakinra was continued in four patients at a 
dose of ≤4 mg/kg, the standard dose for sJIA/AOSD treatment 
and in one patient at a dose of 7.5 mg/kg. These patients did 
not present with flares of the underlying sJIA/AOSD. During the 
trial, while MAS was improving, six flares of sJIA/AOSD were 
observed: three in the three patients who discontinued anakinra 
before emapalumab initiation and three in three patients who 
had not previously received and were not receiving anakinra. 
During long- term follow- up, four sJIA/AOSD flares occurred in 
four patients. sJIA/AOSD flares and the background treatment at 
time of the flares are described in online supplemental table S5.

Safety
No deaths were reported during the trial and the long- term 
follow- up. During the trial, after initiation of emapalumab,  
88 AEs were reported in 13 patients (table 3 and online supple-
mental table S6). All events were mild or moderate in intensity 
except two (one cardiopulmonary failure, and one neutropenia; 
neither related to emapalumab). The most frequently reported 
AEs were infections and positive tests for infectious agents in the 
absence of clinical symptoms. All infectious events were of viral 
origin. No bacterial or opportunistic infections were reported. 
Six viral events in three patients (two infections and four positive 

Figure 1 Pharmacokinetic (emapalumab* (A)) and pharmacodynamic (CXCL9† (B), total IFNγ‡ (C) and sIL- 2R§ (D)) parameters in patients with 
MAS treated with emapalumab. *Serum emapalumab concentrations in patients treated with emapalumab (initial dose of 6 mg/kg, followed by 
intended maintenance dosing of 3 mg/kg every 3 days until day 15, and twice weekly until day 28). †Serum concentrations of CXCL9, a biomarker of 
IFNγ activity, being, at baseline, 4–362 times the 95th percentile of healthy volunteers (271 pg/mL),24 indicated by the horizontal dotted line. ‡Total 
IFNγ (free and emapalumab- bound) that reflects IFNγ production, ranging, at day 3, from normal to 12 times the 95th percentile of healthy volunteers 
receiving emapalumab (2084 pg/mL) indicated by the horizontal dotted line. §Serum sIL- 2R, a biomarker of T cell activation, being, at baseline, 1.6–20 
times the 95th percentile of healthy volunteers (1071 pg/mL, unpublished data) indicated by the horizontal dotted line. CXCL9, C- X- C motif chemokine 
ligand 9; IFNγ, interferon-γ; MAS, macrophage activation syndrome; sIL- 2R, soluble interleukin- 2 receptor.
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tests) were reported as related to emapalumab. One cytomegalo-
virus (CMV) reactivation was reported as serious. In total, there 
were five CMV events (three reactivations, one infection and 
one positive test with no symptoms). All viral events resolved 
spontaneously or with standard treatment. Two infusion- related 
reactions (pruritic rash), not reported as severe, occurred during 
a total of 128 infusions. The rate of AEs and of infectious events 
was not increased during concomitant treatment with anakinra 
and emapalumab compared with treatment with emapalumab 
alone (table 4).

During long- term follow- up, 37 AEs were reported in  
12 patients. Three were serious: one flare of sJIA (see online 
supplemental table S5), one oedema of the ankle and one MAS 
episode (that, as mentioned above, occurred 11 months after 
stopping emapalumab, when emapalumab was undetectable). 
Ten infectious events occurred in seven patients; four when 
emapalumab levels were measurable, and six after emapalumab 
levels became undetectable. All reported infections were viral, 
except for one cestode infection.

DISCUSSION
We show that neutralisation of IFNγ with emapalumab was effica-
cious in inducing MAS remission in patients with MAS secondary to 

sJIA/AOSD who failed standard of care including high- dose gluco-
corticoids with or without anakinra and/or ciclosporin.

The dosing regimen of emapalumab was chosen based on the 
data gathered in primary HLH patients on (a) the production 
rate of IFNγ (through the assessment of total IFNγ), (b) the 
rapid clearance of emapalumab consequent to target- mediated 
drug disposition in the presence of high IFNγ production and 
(c) the concentration of emapalumab required to neutralise high 
IFNγ levels. Through modelling and simulation, on the basis of 
the high levels of CXCL9 present in patients with MAS, it was 
possible to predict the dose of emapalumab required to achieve 
IFNγ neutralisation. A dosing regimen with an initial dose of 6 
mg/kg, followed by 3 mg/kg every 3 days maintenance doses, 
was selected to achieve rapid efficacy as MAS usually has acute 
onset and may worsen rapidly, becoming life- threatening. In the 
majority of patients, the chosen regimen rapidly achieved IFNγ 
neutralisation, shown by prompt decrease in serum CXCL9 
levels and prompt clinical and laboratory response. Shortening 
of the dosing interval might be considered in patients with 
unsatisfactory response. Indeed, in two patients with initial 
unsatisfactory response, shortening of the dosing interval led 
to achievement of response. In these patients, we found high 
IFNγ production and low emapalumab concentrations due 

Figure 2 Time to MAS remission*. *Time to MAS remission defined as resolution of clinical signs and symptoms according to the investigator 
(visual analogue scale ≤1/10) (online supplemental table S2) and resolution of the abnormalities of MAS laboratory parameters: white blood cell 
and platelet count above lower limit of normal, LDH below 1.5 times ULN, alanine aminotransferase/aspartate aminotransferase below 1.5 times 
ULN, fibrinogen >100 mg/dL and ferritin levels decreased by at least 80% or below 2000 ng/mL, whichever was lower. The continuous line represents 
the proportion of patients with MAS remission, the dotted line represents the 95% CI. The cross indicates the censored patient. LDH, lactate 
dehydrogenase; MAS, macrophage activation syndrome; ULN, upper limit of normal.
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to rapid drug clearance consistent with target- mediated drug 
disposition.

The patients recruited in this study had markedly elevated 
CXCL9 levels, reflecting high IFNγ activity. This finding is consis-
tent with previous observations in patients with MAS.16 18 In 
contrast with primary HLH patients treated with emapalumab,27 
we did not find a correlation of CXCL9 levels at baseline with 
total IFNγ levels at day 3, that, as mentioned, reflect IFNγ 
production. Therefore, in MAS, the pathogenic role of IFNγ 
may be due to increased IFNγ production and increased sensi-
tivity to IFNγ. Indeed, monocytes from patients with MAS have 
increased responsiveness to IFNγ, possibly through increased 
expression of tripartite motif containing protein 8 (TRIM- 8), 
which potentiates response to IFNγ.29 30

In this trial, the first prospectively investigating a treatment 
for MAS, we used a novel clinically meaningful efficacy measure, 
namely MAS remission, that combines resolution of clinical 
signs and symptoms and of the abnormalities in MAS laboratory 
parameters. Incidentally, the ferritin threshold (decrease by at 
least 80% or be below 2000 ng/mL, whichever was lower), previ-
ously used in the primary HLH trial with emapalumab,27 is justi-
fied by the often- needed multiple transfusions and the frequent 
fluctuations of ferritin >1000 ng/mL in patients with HLH/MAS 
with good response to treatment. Notably, the highest value for 
ferritin at week 8 in our trial was 561 ng/mL.

After emapalumab initiation, MAS improved rapidly with 
median time to MAS remission of 25 days. This improve-
ment occurred while background glucocorticoids were rapidly 
tapered: during the second week of emapalumab treatment, the 
median glucocorticoid dose was already 85% lower compared 
with that administered during the week preceding initiation of  
emapalumab. In general, patients seemed to benefit from  
emapalumab even when the MAS remission criteria were 
partially achieved. Indeed, in the few patients who did not reach 
MAS remission, the physician assessment of disease activity 
was ≤1 and MAS remission was not achieved because of minor 
abnormalities in only one of the laboratory parameters.

Elevated production of IFNγ is a feature of animal models 
of primary HLH and of secondary HLH, including infection- 
associated HLH and MAS.13 In these models, when the effect of 
therapeutic IFNγ neutralisation was tested, benefit was always 
observed with prevention of death and/or disease improvement. 
The results of this trial, together with the efficacy of emapa-
lumab demonstrated in primary HLH,27 and the anecdotal cases 
of patients with different forms of secondary HLH successfully 
treated with emapalumab,31–37 suggest that, in humans, IFNγ is 
an important driver of MAS/HLH, independently of the trigger 
or the underlying predisposing condition.

Notably, some inflammatory flares of the underlying sJIA/
AOSD were observed, suggesting that, in the context of sJIA/

Figure 3 Changes in ferritin* (A), aspartate aminotransferase† (B), platelets (C) and LDH‡ (D) levels over time. *Panel A insert shows in detail 
changes from baseline to week 4 for patients with baseline levels of ferritin <50 000 ng/mL. †Panel B insert shows in detail changes from baseline to 
week 4 for patients with baseline levels of aspartate aminotransferase below 300 U/L. ‡Panel D insert shows in detail changes from baseline to week 
4 for patients with baseline levels of LDH below 2500 U/L. LDH, lactate dehydrogenase.
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AOSD, increased IFNγ activity is a feature of the hyperinflam-
mation of MAS, but not of the autoinflammation that maintains 
sJIA. From a clinical perspective, we observed six flares of the 
underlying sJIA/AOSD in six out of the nine patients who were 
not receiving anakinra for the treatment of sJIA while receiving 
emapalumab. In contrast, no sJIA flares were observed in the five 
patients who continued anakinra after emapalumab initiation. 
Importantly, during the trial, no increase in AEs and/or infec-
tious AEs was observed in patients concomitantly exposed to 
emapalumab and anakinra. Therefore, continuation of anakinra 
for the underlying sJIA/AOSD, at the doses conventionally used 
and allowed in this trial, should be considered.38–40

The contribution of the concomitant anakinra to the achieve-
ment of MAS remission with emapalumab is to be considered 
negligible. Only one patient continued anakinra at a dose 
>4 mg/kg/day, a so- called higher dose that has been reported as 
potentially efficacious in MAS.10 14 41 Of note, several patients 
recruited to our study received anakinra before treatment with 
emapalumab and, in these patients, anakinra, even at doses  
>4 mg/kg/day, did not prevent or improve MAS. Furthermore, 
of the three patients in the trial who did not achieve MAS remis-
sion at week 8, two were receiving concomitant anakinra.

IFNγ neutralisation might increase predisposition to selected 
infections, as inferred based on data in humans with defective 
IFNγ activity, that is, subjects carrying autoantibodies to IFNγ 
or with IFNγ receptor deficiency.42 While herpes zoster infec-
tions are common in individuals with defective IFNγ activity, no 
cases were reported in this trial. Notably, per- protocol, patients 
received prophylaxis with acyclovir. We did not observe any 
infections from typical or atypical mycobacteria, H. capsu-
latum, Shigella, Salmonella, Campylobacter or Leishmania, 
known to occur more frequently in subjects with defective IFNγ 
activity. Noteworthy, patients with infections from these agents 
were excluded from the trial. No bacterial or opportunistic 

Figure 4 Changes in glucocorticoid dose* over time†. *The dose of 
glucocorticoids is shown as average daily dose in each week of the 
study, starting from the week preceding emapalumab treatment (week 
−1). The dose is shown in mg/kg of prednisone equivalent. †Weeks are 
defined starting form week −1 (from day −6 to day 0), followed by 
week 1 (form day 1 to day 7); week 2 (from day 8 to day 14); week 3 
(from day 15 to day 21); up to week 8 (from day 50 to day 56).

Table 3 AEs during the treatment with emapalumab and during the 
long- term follow- up

Event category

NI- 0501- 06 study
(up to week 8)
(n=14)

Long- term follow- up
(up to week 52)
(n=14)

AEs

  Events, n 88 37

  Patients with at least one event, n (%) 13 (93) 12 (86)

Emapalumab levels 
at or above LLOQ

Emapalumab levels 
below LLOQ

Serious AEs

Events, n 9* 2 1

Patients with at least one event, n (%) 6 (43) 2 (14) 1 (7)

  Cardiopulmonary failure† 1 0 0

  sJIA flare‡ 1 1 0

  CMV infection reactivation§ 1 0 0

  Intracardiac thrombus 1 0 0

  Pericarditis 1 0 0

  Thrombocytopenia 1 0 0

  Pneumatosis intestinalis 1 0 0

  Juvenile myoclonic epilepsy 1 0 0

  Rash 1 0 0

  Oedema of the ankle region 0 1 0

  MAS¶ 0 0 1

Events related to study drug

Events, n 9 0 1

Patients with at least one event, n (%) 4 (28) 0 1 (7)

  CMV infection reactivation§ 1 0 0

  Viral infection 1 0 0

  Viral URTI 0 0 1

  Viral test positive 4 0 0

  Infusion- related reaction 1 0 0

  Rash pruritic 1 0 0

  Diarrhoea 1 0 0

Infections

Events, n 10 4 6

Patients with at least one event, n (%) 6 (43) 2 (14) 5 (35)

  CMV infection reactivation 3 0 0

  CMV infection 1 0 0

  Epstein- Barr infection 0 0 1

  Rhinovirus infection 0 1 0

  Enterovirus infection 0 0 1

  Viral infection 1 0 1

  Viral URTI 0 3 2

  Nasopharyngitis 1 0 0

  Viral test positive** 4 0 0

  Cestode infection 0 0 1

Systemic juvenile idiopathic arthritis flares

Events, n 1 3 0

Patients with at least one event, n (%) 1 (7) 3 (21) 0

Infusion- related reactions to emapalumab

  Events, n 2 Not applicable Not applicable

  Patients with at least one event, n (%) 2 (14) Not applicable Not applicable

*Of the nine serious AEs reported during the trial, one was severe in intensity (cardiopulmonary failure) and the 
others were of moderate intensity. One of these events was reported as related to emapalumab. All nine events 
resolved.
†In the context of rapidly worsening MAS, the patient experienced worsening of pre- existing cardiocirculatory 
instability a few hours after the first emapalumab infusion. Due to this deterioration, the patient was transferred 
to the ICU and required intensification of inotropic support (dopamine dose increase). Of note, emapalumab 
dosing interval was shortened (see online supplemental figure S2) until MAS gradually improved and the patient 
recovered from the event.
‡Table 3 lists only the episodes of sJIA flare reported as a serious AE. Of note, sJIA flares were identified based 
on AE reporting as well as based on the rationale for change in medications or medication dose provided by the 
investigator and these are described in online supplemental table S5.
§This event is the same event reported in the Safety section of the Results and is reported in table 3 under serious 
AEs, under related AEs and is one of the three CMV reactivations reported under infections.
¶This event is the same event reported in the Efficacy section of the Results.
**One each for CMV, adenovirus, BK polyoma virus, respirovirus.
AE, adverse event; CMV, cytomegalovirus; ICU, intensive care unit; LLOQ, lower limit of quantification; MAS, 
macrophage activation syndrome; sJIA, systemic juvenile idiopathic arthritis; URTI, upper respiratory tract 
infection.
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infections were reported. Viral infections or positive viral tests 
were reported in six patients during the trial and in two during 
follow- up while emapalumab was detectable. All events resolved 
spontaneously or with standard treatment. Of note, screening 
for Epstein- Barr virus, CMV and adenovirus every 2 weeks was 
required by protocol during the trial. Despite the fact that CMV 
is not reported at increased frequency in humans with defective 
IFNγ activity,42 it should be noted that five events were related to 
CMV, with four reported as reactivations or infections and one 
as test positive. Whether concomitant prolonged immunosup-
pression with high- dose glucocorticoids in critically ill patients 
might have contributed to this observation remains to be estab-
lished. Despite CMV infections not being reported in humans 
with defective IFNγ activity,42 based on our data, patients with 
MAS receiving emapalumab should be screened for the pres-
ence of CMV. Although the entire age spectrum of AOSD is not 
covered, with only one patient above 20 years of age, it is highly 
unlikely that the infection risk changes with age.

The main limitation of this study is the single- arm nature 
of the design. However, a randomised controlled study in this 
patient population does not appear to be possible and, notably, 
ethical. This is based, first, on the absence of a standardised and/
or validated treatment that has been prospectively investigated 
in patients with MAS who have failed high- dose glucocorticoids. 
Therefore, no drug is available as comparator for a head- to- head 
design. Second, the risk of death associated with this condition 
makes it unethical to continue, with no additional therapy, an 
ineffective treatment (ie, high- dose glucocorticoids) in patients 
who have already failed this treatment. Therefore, the option of 
continuing high- dose glucocorticoids plus placebo as a compar-
ator arm is also not acceptable.

In conclusion, we demonstrate that IFNγ is an important 
driver of MAS secondary to sJIA/AOSD and that its neutrali-
sation with emapalumab leads to remission of MAS in patients 
who failed high- dose glucocorticoids. Attention should be paid 
to viral infections, particularly to CMV; periodic screening for 
viral infections should be performed.
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Table 4 Rate of AEs* and infectious AEs during the trial while 
exposed to emapalumab alone or emapalumab and anakinra

Emapalumab Emapalumab and anakinra

Exposure, days at risk 303 506

AEs

  Events, n 45 43

  Rate per 100 patient- days 14.9 8.5

Infectious AEs

  Events, n 5 5

  Rate of per 100 patient- days 1.7 1

*One event of flare of sJIA and two infusion- related reactions to emapalumab were 
excluded from this analysis.
AE, adverse event; sJIA, systemic juvenile idiopathic arthritis.
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