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Background: Primary hemophago-
cytic lymphohistiocytosis (HLH) is a
rare, but aggressive and life-
threatening hyperinflammatory syn-
drome that usually manifests within the
first few months to years of life with
the highest incidence in children
<3 months.13 Characteristic symptoms
of HLH include prolonged fevers, cyto-
penias, coagulopathy, and hepatosple-
nomegaly. Standard induction therapy
for HLH (e.g, dexamethasone, etopo-
side, cyclosporine A * intrathecal meth-
otrexate) is used to induce remission
prior to a potentially curative hemato-
poietic stem cell transplantation
(HSCT).L* Agents used off-label for
those who are not responsive to or are
intolerant to induction therapy have
included alemtuzumab, antithymocyte
globulin, and anakinra. Although there
are data to indicate that these salvage
therapies can be effective, there was
still a need for a more targeted treat-
ment. Therefore, in November 2018,
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Background: About 10% of asthmat-

ic patients are thought to have severe
eosinophilic asthma with 45% of those
affected requiring chronic systemic cor-
ticosteroids.12 The increasing preva-
lence of this serious often refractory
form of asthma has resulted in the Food
and Drug Administration (FDA) approv-
ing several monoclonal antibody treat-
ments including: mepolizumab, res-
lizumab, and benralizumab.3-6 Addi-
tionally, in October 2018, the FDA ex-
panded the indication for dupilumab
(Dupixent®; Regeneron), to include
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the Food and Drug Administration
(FDA) approved emapalumab-lzsg
(Gamifant®; Sobi) for the treatment of
HLH in adult and pediatric patients
(newborn and older) with recurrent or
progressive disease, or who are refrac-
tory or intolerant to conventional HLH
therapy.s

Mechanism of Action: Interferon gam-
ma (IFNy) is hypersecreted in HLH
which contributes to its hyperinflam-
matory manifestations.>¢ Emapalumab
subdues HLH pathogenesis by binding
to and neutralizing IFNy".

Key Clinical Trial: The FDA approval
of emapalumab was based on an ongo-
ing open-label pivotal phase II/III trial
including pediatric patients (N=34)
with suspected or confirmed HLH, the
majority (n=27) having failed conven-
tional therapy.? Patients received em-
palumab 1 mg/kg intravenously (IV)
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add-on maintenance treatment in pa-
tients 212 years of age with moderate-
to-severe asthma with an eosinophilic
phenotype or with oral corticosteroid-
dependent asthma.”

Mechanism of Action: Dupilumab
targets the alpha subunit of the inter-
leukin (IL)-4 receptor on the surface of
eosinophils to inhibit signaling of IL-4
and IL-13.78 The inhibition of both IL-4
and IL-13 may attenuate symptoms of
allergic and eosinophilic asthma.



every 3 to 4 days administered with dexamethasone 5-
10 mg/m?2/day for 8 weeks as first-line or second-line
therapy after failure or intolerance of conventional in-
duction treatment.2? Subsequent doses of emapalumab
could be increased up to 10 mg/kg based on clinical
and laboratory parameters. The primary endpoint of
overall response rate (ORR) was defined as normaliza-
tion or at least 50% improvement from baseline of var-
ious symptoms and laboratory abnormalities related
to HLH. The ORR in all patients was 64.7%
(22/34);p=0.0031 and 63% (17/27);p=0.0134 for the
subset failing conventional therapy who received
emapalumab as second-line treatment. Complete re-
sponse was achieved in 20.6% of all patients and
25.9% in treatment-experienced patients. The median
time to overall response was 8 days. Emapalumab
therapy allowed 64.7% of all patients and 70% of the
treatment-experienced patients to proceed to HSCT
with a median time to HSCT of 100 days and 83 days,
respectively. The authors concluded that emapalumab
produced a significant reduction in HLH activity with a
tolerable side effect profile allowing patients to pro-
ceed to a HSCT.

Safety and Immunogenicity: Some common side
effects of emapalumab include infection (56%), hyper-
tension (41%), infusion-related reactions (27%), py-
rexia (24%), hypokalemia (15%), and constipation
(15%).5¢ Prior to initiating therapy, patients should be
tested for latent tuberculosis.¢ Premedication with ac-
etaminophen and diphenhydramine may be used to
minimize infusion-related reactions.zIt is recommend-
ed that prophylactic therapy against herpes zoster,
Pneumocystis jirovecii, and fungal infections should be
provided. Additionally, patients should not receive live
or live-attenuated vaccines during therapy and for at
least 4 weeks after the last emapalumab dose. The inci-
dence of anti-emapalumab antibody development was
5%, however there has been no evidence of an anti-
body-associated reduction in efficacy.5

Dosing and Administration: The recommended
initial dose of emapalumab is 1 mg/kg administered as
an IV infusion over 1 hour twice weekly (every
3-4 days).5¢ If the patient is not already receiving dexa-
methasone, it should be given as a dose of 5-10 mg/m?
daily, starting the day prior to the first dose of emapa-
lumab. The emapalumab dose can be increased to
3 mg/kg on day 3, and up to 6 mg/kg on day 6 on-
wards based on certain parameters such as platelet
and neutrophil counts, ferritin, worsening of spleno-
megaly, and coagulopathy; specific dosage adjustments
are outlined in the product labeling. Additionally,
doses as high as 10 mg/kg/day may be given day 9 and

onwards based on clinical assessment. Emapalumab
vials should be stored under refrigeration at 2°C to
8°C (36°F to 46°F) in the original carton, protected
from light.56 Prior to administration the drug should
be diluted with 0.9% sodium chloride injection to a
concentration range of 0.25 mg/mL to 2.5 mg/mL. The
diluted solution needs to be placed in either a gamma
irradiated latex-free, polyvinyl chloride (PVC)-free sy-
ringe or non-PVC polyolefin infusion bag, depending
on the volume needed, and can be stored in the refrig-
erator for up to 4 hours after preparation. The diluted
solution may be allowed to warm to room temperature
prior to administration and should be infused through
an IV line with a sterile, non-pyrogenic, low-protein
binding 0.2 micron inline filter.

Cost and Availability: Emapalumab is available as
a preservative-free IV solution in 10 mg/2 mL (NDC
72171-0501-01) and 50 mg/2 mL (NDC 72171-0505-
01) vials.>¢ The average wholesale price for one
10 mg/2 mL vial is $4,346 and $4,453 for one
50 mg/2 mL vial. The cost to complete an 8 week
course of therapy for a 6 kg patient at baseline dosing
of 1 mg/kg twice a week without up-titration is ap-
proximately $70,000.

Formulary Status: Emapalumab is restricted to
Pediatric Hematology/Oncology and Bone Marrow
Transplant.
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Key Clinical Trials: Dupilumab’s expanded indica-
tion was based on two randomized, phase IlI, double-
blind, placebo-controlled trials. The first trial included
patients = 12 years of age with persistent asthma for
> 12 months receiving medium-to-high dose inhaled
corticosteroids (ICS) plus one or two other asthma
controller medicines.? Both eosinophilic and non-
eosinophilic asthmatics were evaluated. Participants
(N=1902) were randomized in a 2:2:1:1 ratio to re-
ceive add-on therapy with dupilumab 200 mg (loading
dose, 400 mg, n=631) or 300 mg (loading dose,
600 mg, n=632) subcutaneously every 2 weeks or
matching placebo (n=634) for 52 weeks. The co-
primary efficacy endpoints were the annualized rate of
severe exacerbation events and absolute change from
baseline in forced expiratory volume in the first second
(FEV1) at week 12. The annualized rate of severe asth-
ma exacerbations was significantly lower among pa-
tients who received either dupilumab 200 mg or dupi-
lumab 300 mg every 2 weeks compared to placebo
(p<0.001 for both comparisons). At week 12, the FEV;
change from baseline before bronchodilator use was
significantly greater in patients who received either
dupilumab 200 mg or 300 mg regimens than those
who received placebo (p<0.001 for both comparisons).
Greater benefit was observed in patients with higher
baseline eosinophil levels. The second trial was a 24-
week study with inclusion criteria similar to the first
trial except patients were required to have glucocorti-
coid-dependent asthma.? Patients (N=210) were ran-
domized in a 1:1 ratio to receive dupilumab 300 mg
(loading dose, 600 mg, n=103) subcutaneously every 2
weeks or placebo (n=107). The primary endpoint was
the percentage reduction of oral corticosteroid (OCS)
dose at week 24 while maintaining asthma control.
The least-square mean (+SE) percentage change in OCS
dose from baseline to week 24 while asthma control
was maintained was -70.1 + 4.9% in the dupilumab
group compared with -41.9 + 4.6% in the placebo
group (p<0.001). At week 24, there was also a signifi-
cant difference in the number of patients who discon-
tinued use of OCS, with 48% in the dupilumab group
versus 25% in the placebo group (p=0.002). In addi-
tion to significant reductions OCS use, patients who
received dupilumab treatment had a 59% lower rate of
severe asthma exacerbations.

Safety: Hypersensitivity reactions were reported
in <1% of patients.”8 Common side effects included
injection-site pain (14-18%), conjuctivitis (10%), oro-
pharyngeal pain (2%), and eosinophilia (2%). Patients
should be monitored for infection, new onset or wors-
ening ocular symptoms, and hypersensitivity.

Dosing and Administration: The recommended
dosage of dupilumab as add-on maintenance therapy
for patients = 12 years of age with moderate-to-severe
eosinophilic or oral corticosteroid-dependent asthma
is either 400 mg (administered as two 200 mg injec-
tions) as an initial dose followed by 200 mg injection
every other week or 600 mg (administered as two
300 mg injections) as an initial dose followed by
300 mg every other week.”8 For patients requiring
concomitant oral corticosteroids or with co-morbid
moderate-to-severe atopic dermatitis for which dupi-
lumab is indicated, the initial dose is 600 mg followed
by 300 mg every other week. Injections should be ad-
ministered subcutaneously into the upper arm, thigh,
or abdomen. The first dose must be administered by a
healthcare professional, but subsequent doses may
be self-administered. Dupilumab pre-filled syringes
should be refrigerated in their original carton, but may
be kept at room temperature for up to 14 days.

Availability and Cost: Dupilumab is available as
both 200 mg/1.14 mL and 300 mg/2 mL pre-filled sy-
ringes.” The product has a suggested wholesale price
(SWP) of $1,812 for either the 200 mg or 300 mg pre-
filled syringe and therefore, the cost of 12 months of
therapy would be approximately $45,000.8

Formulary Status: The restriction for dupilumab
was expanded to include Staff Physicians from the De-
partments of Allergy/Immunology and Pulmonary/
Critical Care Medicine for use in the outpatient setting.
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