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Clinical experience with emapalumab treatment in a
group of children with primary hemophagocytic

lymphobhistiocytosis
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Dmitry Balashov?, Alexey Maschan'@®, Galina Novichkova'@®, and Anna Shcherbina'®

Primary hemophagocytic lymphohistiocytosis (pHLH) is a group of genetically determined disorders characterized by severe
and fulminant systemic inflammation, cytopenia, and multiple organ involvement. A dexamethasone-and-etoposide-based
HLH-2004 protocol is widely used to treat pHLH, yet often fails to produce the disease control required for the next
treatment step: hematopoietic stem cell transplantation (HSCT). We report on the use of the interferon gamma inhibitor
emapalumab in seven children aged 6-39 months with pHLH. Three patients received emapalumab at an average starting dose
of 1.7 mg/kg and had no active HLH by median day 28. Four patients received emapalumab at an average starting dose of
7.2 mg/kg and had no active HLH by median day 14 (P = 0,0015). We suggest that the higher starting dose of emapalumab, as
well as its combination with Janus kinase inhibitors, might increase the remission rate in pHLH and the success of

subsequent HSCT.

Introduction

Primary hemophagocytic lymphohistiocytosis (pHLH) or familial
hemophagocytic lymphohistiocytosis (FHLH) (1) encompasses a
group of genetically determined disorders characterized by severe,
often fulminant systemic inflammation, cytopenia, and multiple
organ involvement. The disease manifests predominantly in early
childhood, has a high mortality rate, and requires hematopoietic
stem cell transplantation (HSCT) as the only currently available
curative option (2). However, HSCT outcomes are dependent on
the state of remission of the underlying systemic inflammation
and the infection complications, as well as organ damage due to the
side effects of any chemotherapeutic drugs received prior to HSCT
(3). For years, the gold standard for HLH treatment has been the
dexamethasone-and-etoposide-based HLH-2004 protocol (4), yet
it has failed to uniformly control the disease (5). An alternative
regimen that combines antithymocyte globulin and corticosteroids
has demonstrated good results but has barely improved survival
(6). In addition, no universally accepted treatment exists for re-
lapsed or refractory HLH. Advances in the availability of biological
treatments have opened new possibilities for HLH therapy, with
several targets proposed in recent years. The interleukin-receptor-
6 antagonist tocilizumab, the interleukin-1 inhibitor anakinra, and
the Janus kinase inhibitor (JAKinib) ruxolitinib have been used for
HLH treatment, with variable results (7, 8, 9).

Mounting evidence has provided support for the pivotal
pathogenic role of interferon-y (IFNy) in HLH (10). Emapalumab
is a fully human IgG1 anti-IFNy monoclonal antibody that binds
free and receptor-bound IFNy and inhibits its biologic activity.
The data accumulated from phase II and III clinical trials and
reports regarding small groups of patients demonstrate ema-
palumab efficacy in pHLH (11, 12, 13, 14, 15). Herein, we describe
our experience with emapalumab treatment in a cohort of 7
pediatric patients with pHLH.

Results

The study included seven patients (four male, three female) with
various forms of pHLH (three with X-linked lymphoprolifer-
ative syndrome type 2 [XLP2], two with FHLH3, and two with
FHLH]1) (Table 1). The age of diagnosis was 7 mo (Me, 1;37), and
the age at the start of emapalumab treatment was 8 mo (Me, 6;
39). All patients had active HLH at the start of emapalumab
treatment, including two with central nervous system (CNS)
involvement, which was diagnosed based on magnetic resonance
imaging results and cerebrospinal fluid examination. Two had
first ongoing first episodes of HLH refractory to treatment with
dexamethasone and VP-16, and five had HLH relapses.
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Atgam, anti-T lymphocyte immunoglobulin for human use, animal (equine); Mel, melphalan; Rit, rituximab; TLI, total lymphoid irradiation; Flu, fludarabine; Cyc, cyclophosphamide; CsA, cyclosporine; TT, thioTEPA;

Treo, treosulfan; ATG, anti-T lymphocyte immunoglobulin for human use, animal (rabbit); GVHD, graft-versus-host disease; VP, etoposide; MTX, methotrexate; Dexa, dexamethasone; Toci, tocilizumab; Ruxo,
ruxolitinib; Bari, baricitinib; IT, intrathecally; CMV, cytomegalovirus; ESBL, extended spectrum B-lactamase. The text in italics indicates the medications used for the prophylaxis of acute graft-versus-host disease

(GVHD).
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Preceding/concurrent immunosuppressive therapy included
variations of the HLH-2004 protocol, with the addition of toci-
lizumab in three patients, JAKinibs in four, and anakinra in one.
Two patients with CNS involvement received methotrexate and
dexamethasone intrathecally (Table 1).

Six patients had prior or ongoing infectious episodes while on
immunosuppressive treatment (Table 1).

Infectious complications that had developed since the onset of
HLH and before emapalumab initiation were caused predomi-
nantly by fungal and bacterial pathogens and included pneumonia
in four patients, enterocolitis in four, and perianal necrotizing
dermatitis in one (Table 1). In three of the seven patients, severe
viral infections occurred, including cytomegalovirus disease in
two and enterocolitis caused by norovirus in two.

Other complications of HLH treatment included secondary
Cushing syndrome in all seven patients, osteoporosis in one,
hypertension in three, seizures due to cyclosporine toxicity in
one, and kidney damage in one.

Emapalumab was administered twice weekly for a median of
6.3 wk (2-13 wk). In the first three patients, emapalumab was
administered in a rump-up fashion at an average starting dose of
1.7 mg/kg (1.2-3.3 mg/kg), with the average highest dose being
3.3 mg/kg (low-dose group). The next four patients received
emapalumab in a step-down fashion at an average starting dose
of 7.2 mg/kg (6-10 mg/kg), with the average lowest dose being
1.2 mg/kg (high-dose group) (Table 1). P6 received two courses of
emapalumab due to a relapse of HLH prior to HSCT. The analysis
of efficacy included only the first course of treatment, while the
analysis of safety included all emapalumab infusions.

After 2 wk of emapalumab therapy in both groups, significant
clinical and laboratory improvement was documented (P < 0.05),
as follows: ferritin and triglyceride levels decreased from 4,480 =+
3,100 to 825 + 282 ug/L and from 3.58 + 1to 1.7 + 0.2 mM/L, re-
spectively; fibrinogen increased from 1.4 + 0.2 to 2.3 + 0.2 g/L.
Platelet and neutrophil counts increased from 180 + 70 x 10°/L to
237 = 40 x 10°/L and from 1.0 + 0.6 x 10°/L to 2.3 + 1.0 x 10°/L,
respectively; and hemoglobin increased from 106.5 + 12 to 111 +
13 g/L (Table 2). Hepatosplenomegaly was mostly resolved by
week 4 in five of the six patients with this symptom.

All patients had no active disease by the end of their treat-
ment periods. Yet, in the high-dose group, two of the four pa-
tients reached no active disease status by day 14, and three of the
four by day 28. In the low-dose group, disease was still active in
all on day 14; one of the three patients achieved no active disease
status by day 28 (Fig. 1 A). Time to no active disease status was
significantly shorter in the high-dose group—Me 14 days (14;28),
than in the low-dose group—Me 28 days (28-35) (P = 0.0015).

IFNy-induced chemokine CXCL9 level has been shown to
correlate with HLH activity (16). In the entire cohort, there was
an eightfold decrease in CXCL9 levels by day 28 of treatment
(Fig. 1 B). Treatment with emapalumab enabled a reduction of
the dexamethasone dose from 10 + 2 (mg/m?) at baseline to 0.7 =
0.4 mg/kg/day by week 4 (Fig. 1 C), as well as discontinuation of
some of the drugs used for the HLH treatment (Table 1).

P6 started at 10 mg/kg/day of emapalumab and had no active
HLH by week 4 (H-score 88). Her dose was gradually decreased
to 1.5 mg/kg/twice weekly, and therapy was discontinued at
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Table 2. Dynamics of laboratory parameters during emapalumab
therapy

Parameters, Before After Normal

mean * SEM emapalumab emapalumab range
therapy therapy

Ferritin, pg/L 4,480 + 3,100 825 + 282 20-140

Triglyceride, mM/L 3.58 + 1 17+0.2 0-2.3

Fibrinogen, g/L 14+0.2 23+0.2 2-3.93

Platelet, x10%/L 180 + 70 237 + 40 204-356

Neutrophil counts, 1.0 + 0.6 23+10 2.27-5.56

x10%/L

Hemoglobin, g/L  106.5 + 12 111 £ 13 115-138

week 13, although the patient continued to receive maintenance
therapy with dexamethasone and etoposide according to the
HLH-2004 protocol (H-score 47). By week 16, 3 wk after dis-
continuing emapalumab, an HLH relapse was documented, de-
fined as having an H-score of 231. The patient was restarted on
10 mg/kg/twice weekly of emapalumab and achieved no active
disease status (H-score 85) after only three doses. She then

continued on 6 mg/kg/twice weekly of emapalumab until day +7
after HSCT (see below, Fig. 1 D).

Eventually, six of the seven patients underwent HSCT with-
out relapses of HLH in the posttransplant period (Table 1). One
patient’s family refused HSCT, and she was lost to the study’s
follow-up. In addition to P6, two more transplanted patients
continued emapalumab until day -1 before HSCT, when it was
discontinued.

Two patients died after HSCT. P1 developed grade 4 graft-
versus-host-disease, involving the skin, liver, and intestines and
including progressive transplant hypofunction and multiorgan
failure, which resulted in death at day 74 after HSCT. This pa-
tient, who belonged to the high-dose group, had stopped ema-
palumab infusions 30 days prior to HSCT.

Po6 failed to achieve engraftment after the first HSCT. Three
months later, she received a second HSCT, which was compli-
cated by liver veno-occlusive disease, severe infectious compli-
cations, and progressive organ failure, which resulted in death at
day +99 after second HSCT.

The patients received a total of 72 infusions of emapalumab.
No side effects or toxicity were noted during the treatment, nor
were any new infectious episodes or worsening of preexisting
ones documented during the treatment.

A 250 B 200
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Low-dose group (n-3)
200 700 Patients, n-3
Ju) - - —- Normal range
£ (H-score <90) 690 A2
S E
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Figure 1. Dynamics of clinical and laboratory parameters in pHLH patients during emapalumab treatment. (A) H-score decrease in low- and high-dose
emapalumab groups. H-score of 90 was used as a cutoff for active disease. (B) Dynamics of CXCL9 level on emapalumab therapy. (C) Dynamics of dexa-
methasone dose reduction on emapalumab therapy. (D) Dynamics of HLH activity in P6, who had a relapse of the disease after emapalumab discontinuation and

quickly responded to emapalumab treatment reinstitution.
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Discussion
Emapalumab is the first cytokine-targeting preparation to be

approved by the U.S. Food and Drug Administration specifically
for the treatment of HLH (17).

Based on our experience with emapalumab in a previously
treated cohort of pHLH children, we conclude that it is effective
in controlling HLH manifestations and safe for pediatric pa-
tients. In our group, all patients achieved control of HLH, and the
overall survival rate, accounting for HSCT outcomes, was 71%.
This is comparable to the results of the clinical trial described by
Locatelli et al. (11). However, in that trial, 37% of previously
treated patients had no response to emapalumab, whereas in our
small group, all patients achieved no active disease status.

It is worth noting that four patients received emapalumab
together with JAKinibs, a combination previously reported to be
safe and effective in a patient with Epstein-Barr virus-associated
HLH (18). The use of JAKinibs and other anticytokine mono-
clonal antibodies in combination with emapalumab might ex-
plain the superior results in our group of patients. Based on these
experiences, we feel that this drug combination needs to be
studied in larger groups of primary and secondary HLH patients
and might become the cornerstone of a new protocol for treating
resistant disease. We also demonstrated that patients who re-
ceived a higher starting dose of emapalumab achieved no active
disease status faster, and this fact might have contributed to the
overall success of the treatment prior to HSCT in our cohort.

Another issue that needs to be explored further is the dura-
tion of emapalumab treatment in the HSCT setting. One patient
in the above-mentioned study experienced a relapse of HLH be-
fore HSCT after emapalumab treatment was stopped (18). In our
cohort, one patient experienced a relapse of HLH after elective
emapalumab discontinuation prior to HSCT, but her symptoms
were quickly ameliorated after emapalumab was reintroduced.
Prolonged IFNy inhibition might not only have prevented HLH
flares before or shortly after HSCT but also have reduced rejection
rates in this difficult cohort of patients, considering that IFNy has
been implicated in graft rejection in various clinical models (19). A
recent study by Verkamp et al. compared a group of 22 patients
with pHLH who received emapalumab for up to 21 days prior to
conditioning with a group of 28 patients who did not receive the
drug. The emapalumab group demonstrated a markedly lower
incidence of mixed chimerism, higher intervention-free survival,
and a tendency toward improved overall survival (20). Most of
our patients stopped emapalumab shortly before HSCT. P6, who
had the highest score of all at the beginning of emapalumab
treatment and relapsed after its discontinuation, had the most
severe disease in our group. She continued the treatment until day
+7 after HSCT, yet failed to engraft. Since cytokine surge can last
until 30 days after HSCT (21), we hypothesized that longer IFNy
might have been beneficial for her and other pHLH patients.
Retrospective nature, small group size, and variable treatment
protocols constitute limitations of this study, yet we feel that
several questions raised by us require further investigation in
larger prospective studies.

Recently, the use of emapalumab has been extended to pa-
tients with secondary HLH or macrophage activation syndrome
(22, 23). Therefore, use of emapalumab in primary and secondary
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HLH represents a shift away from prolonged nonspecific cyto-
toxic chemotherapy and toward more targeted immune modu-
lation. The issue of treatment duration and the algorithms of dose
tapering remain to be studied in larger cohorts of patients, es-
pecially with secondary HLH patients who are not considered as
candidates for HSCT. More advanced biological markers of HLH
remission or relapse, such as CXCL9, are crucial to establishing
these protocols.

In conclusion, we demonstrate the safety and efficacy of
emapalumab in a cohort of children with pHLH and propose
further studies of dosing regimens and treatment duration.

Materials and methods

We conducted a retrospective study assessing the efficacy and
safety of emapalumab in children with pHLH who received
treatment at our center between November 2019 and September
2024. The study was conducted in accordance with the Helsinki
Declaration and approved by the local ethics committee, and the
patients’ parents gave written consent for treatment and par-
ticipation in the study.

The study was registered at ClinicalTrials.gov (ID: NCT06587191).

The inclusion criterion was a diagnosis of pHLH according to
the criteria of the Histiocytic Society (4). Genetic variant iden-
tification utilized high-throughput next-generation sequencing
using custom gene panels designed specifically for IEI diag-
nostics. The gene composition is available upon request. If two
patient-relevant genetic variants were not found, their material
has been sent for whole-genome sequencing (pending). In them,
the diagnosis of pHLH was made based on the early age of onset,
no obvious causes of secondary HLH, and laboratory test, in-
cluding low natural killer cytotoxicity. The severity of the dis-
ease was assessed using an adapted H-score (24) with the
exclusion of bone marrow hemophagocytosis, and for the pur-
pose of current study, “no active disease” status was defined as
an H-score < 90.

The concentration of CXCL9, which is the marker of HLH
activity, in the patients’ previously frozen and stored serum was
assessed using the Luminex Magpix Multiplex Assay system (Bio-
Rad) and a Luminex Human Magnetic Assay kit (R&D Systems)
according to the manufacturers’ protocols.

Statistical analysis was conducted using Addinsoft 2020
(XLSTAT). Fisher’s exact test was used to compare categorical
variables. Statistical significance was set at P < 0.05.

Data availability

Data are available in the article itself and its supplementary
materials. The data underlying Fig. 1 and Tables 1 and 2 are
available in the published article.
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