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Abstract
Anti-cytokine therapies have been gaining attention as a means of improving outcomes in adult secondary HLH (asHLH), 
which currently has poor outcomes when treated with standard etoposide-based therapies. Anakinra is an interleukin-1 
antagonist that is increasingly being used in the management of asHLH. Here is described a multi-hospital series of 16 adult 
patients with secondary HLH treated with anakinra. Provoking factors of secondary HLH included hematologic malignancy 
(n = 7, 44%), bacterial infection (n = 7, 44%), viral infection (n = 5, 31%), rheumatologic disorder (n = 4, 25%), and unknown 
(n = 1, 6%). Five patients remained alive at time of last follow-up (OS = 31%). Median OS was 1.7 months from initiation of 
anakinra (range 0.2–59). OS among patients with rheumatologic causes of secondary HLH was 75%, whereas only 17% of 
patients with other provoking factors survived (p = 0.0293). Anakinra was well tolerated, with only 1 patient experiencing 
associated toxicity (grade 3 liver injury). Anakinra may be useful in the management of asHLH provoked by rheumatologic 
conditions, although its benefit in asHLH provoked by other factors may be limited.

Keywords HLH · Adult HLH · Secondary HLH · Anti-cytokine therapy · Anakinra

Introduction

Hemophagocytic lymphohistiocytosis (HLH) is a syndrome 
of excessive and maladaptive inflammation [1]. HLH may 
arise in the setting of a demonstrable immune-dysregu-
lating gene mutation, and in such instances is referred to 
as “primary HLH”. The syndrome may also occur in the 
absence of any identifiable genetic lesion, and arise as a 
disproportionate inflammatory response to a provoking 
immunogenic stimulus [2]. Such cases are referred to as 
“secondary HLH”. Primary HLH occurs almost exclusively 
among infants and young children, and has been shown to 
respond favorably to a treatment regimen which employs 
etoposide, corticosteroids, and subsequent allogeneic bone 
marrow transplant (a protocol known as HLH-94) [3]. Sec-
ondary HLH occurs more commonly among adults, and in 
spite of efforts to adapt the pediatric HLH-94 protocol to 
such patients, outcomes remain dismal [4]. Overall survival 
(OS) rates in adult secondary HLH are typically reported 

to be in the range of 25–40%, and the use of etoposide-
based therapy has not been shown to significantly improve 
outcomes when compared to treating the underlying trigger 
(such as malignancy, infection, or rheumatologic disease) 
alone [4–7]. Given the lack of success with etoposide-based 
therapy in adult secondary HLH, interest has grown in the 
use of anti-inflammatory or cytokine-directed therapies 
[8]. Indeed, HLH physiology has often been described as 
a state of “cytokine storm”, and profound and dysregulated 
cytokinemia is a hallmark of the condition [8]. At may cent-
ers, anti-inflammatory cytokine-directed therapies are now 
given as early-line interventions in cases of suspected adult 
secondary HLH. Often, such therapies are used off-label in 
an attempt to salvage severely ill and deteriorating patients 
who fail to respond appropriately to treatment of their trig-
gering pro-inflammatory condition alone. Among the most 
often used anti-cytokine agents in the management of HLH 
is the interleukin-1 (IL-1) antagonist anakinra [9]. However, 
data regarding the efficacy and safety of anakinra in adult 
secondary HLH remains scarce, and its utility in this condi-
tion remains poorly defined. Herein is described an institu-
tional experience of the use of anakinra in the treatment of 
adult secondary HLH.
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Materials and methods

This retrospective study was approved by the internal 
review board (IRB) of the Mount Sinai Hospital. The need 
for patient consent was waived given the retrospective 
nature of the study and that all patient data was de-identi-
fied. The medical records of an urban multihospital system 
(the Mount Sinai Health System in New York City) were 
searched to identify all adult patients (age > 18 years), seen 
during inpatient admissions between January 1, 2009, and 
January 1, 2022, who received anakinra for a diagnosis 
of secondary HLH. Each medical record was reviewed to 
confirm a diagnosis of secondary HLH (via fulfillment 
of at least 5/8 HLH-2004 criteria in the absence of any 
family history or identified genetic lesion indicative of 
primary HLH). Patients were excluded if they met < 5/8 
HLH-2004 criteria, if they had evidence of primary HLH 
(a demonstrated mutation in a known HLH-causative gene 
or known family history of HLH), if they did not receive 
anakinra for the treatment of HLH, or if documentation 
regarding their characteristics, treatment, and/or outcomes 
was incomplete. Patients were followed from time of diag-
nosis of HLH, until time of death or time of last follow-
up. Data were collected regarding patient demographics, 
potential HLH triggers, baseline characteristics, treatment 
characteristics, and outcomes. The primary outcome of 
interest was survival. The secondary outcome was maxi-
mum ferritin response (determined by dividing maximum 
ferritin decrease after starting anakinra by ferritin level on 
day 1 of anakinra). Continuous patient-related, disease-
related, and treatment-related variables were summarized 
by the median and range, while categorical variables were 
summarized by N (%). Distributions of continuous and cat-
egorical variables were compared using the Mann–Whit-
ney U test and χ2 test, respectively.

Results

One-hundred-nineteen adult inpatients with secondary 
HLH, diagnosed on the basis of meeting at least 5/8 HLH-
2004 criteria, were identified during the study period. 
Of these patients, 16 received anakinra, and were there-
for included in this study. The baseline characteristics, 
treatment characteristics, and outcomes among these 16 
included patients are shown in Table 1. Seven patients 
(44%) were female. The median age was of 40.5 years 
(range 19–82). Confirmed or presumed provoking fac-
tors of secondary HLH included hematologic malignancy 
(n = 7, 44%), bacterial infection (n = 7, 44%), viral infec-
tion (n = 5, 31%), rheumatologic disorder (n = 4, 25%), and 

unknown (n = 1, 6%). Six patients (38%) had more than 
one apparent provoking factor for secondary HLH. All 
patients met at least 5 HLH-2004 criteria (median num-
ber of criteria met = 5, range 5–7). The median H-score 
was 208 (range 178–238) [10]. The median ferritin on 
the day of anakinra initiation was 38,052 ng/ml (range 
1458–144,361 ng/ml).

The median hospital-day of HLH diagnosis was 11.5 
(range 1–38). Thirteen patients (81%) received some form of 
HLH-directed therapy prior to starting anakinra. Prior thera-
pies included corticosteroids (n = 12, 75%), etoposide (n = 3, 
19%), tocilizumab (n = 2, 13%), ruxolitinib (n = 1, 5%), and 
IVIG (n = 1, 6%). The median hospital-day on which anak-
inra was started was 12.5 (range 6–39). All patients received 
anakinra subcutaneously. Patients received anakinra at dos-
age schedules ranging from once daily to once every 6 h. The 
median total daily dosage of anakinra was 350 mg (range 
100–600 mg). The median number of days on anakinra was 
12 (range 5–61). Twelve patients (75%) received some form 
of concurrent HLH-directed therapy along with anakinra. 
Concurrent therapies included corticosteroids (n = 12, 75%), 
etoposide (n = 2, 13%), and ruxolitinib (n = 1, 6%). Thirteen 
patients (81%) received concurrent treatment for their under-
lying cause(s) of HLH while receiving anakinra.

Median follow-up was 1.65  months (range 
0.2–59 months). Five patients remained alive at time of 
last follow-up (overall survival (OS) = 31%). Median OS 
was 1.7 months from initiation of anakinra (range 0.2–59). 
Survivors were relatively young although the age differ-
ence between survivors and non-survivors was not sig-
nificant (median age among survivors was 32 years vs 
61  years among non-survivors, p = 0.174). Survival by 
provoking cause of secondary HLH included; hematologic 
malignancy 1/7 (14%), bacterial infection 0/7 (0%), viral 
infection 0/5 (0%), rheumatologic disorder 3/4 (75%), and 
unknown 1/1 (100%). The distribution of provoking causes 
of secondary HLH (hematologic malignant, viral infection, 
bacterial infection, rheumatologic, other) differed signifi-
cantly between survivors and non-survivors on χ2 analysis 
(p = 0.00652), with survivors having a notably greater pro-
portion of rheumatologic cases. OS among patient with a 
rheumatologic cause of secondary HLH was 75%, whereas 
only 17% of patients with other causes of secondary HLH 
survived (p = 0 00293). No other baseline or treatment char-
acteristics were significantly different between survivors and 
non-survivors.

Patient ferritin levels at time of initiation of anakinra (day 
1), subsequent ferritin levels during/following treatment with 
anakinra, and max ferritin response (determined by dividing 
maximum ferritin decrease after starting anakinra by ferritin 
level on day 1 of anakinra), are shown in Table 2. There was 
no significant difference in baseline (day 1) ferritin levels 
between survivors and non-survivors. Survivors did however 
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demonstrate a greater max ferritin response than did non sur-
vivors [median max ferritin response survivors 88% (range 
72–99%) vs. non survivors 23% (range 0–96%), p = 0.0128]. 
Of note although patients with rheumatologic etiology of 
secondary HLH demonstrated similar baseline ferritin levels 
to those with all other etiologies, a rheumatologic cause of 
HLH was associated with greater max ferritin response than 
all other causes [median max ferritin response rheumato-
logic patients 94% (range 53–99%) vs. non-rheumatologic 
patients 27% (range 0–96%), p = 0.0332].

Anakinra was well tolerated with only one patient (6%) 
suffering a drug-related adverse event (grade 3 acute liver 
injury). Of note, this patient was on a relatively low dose of 
anakinra (100 mg daily) and liver injury resolved following 
discontinuation of anakinra.

Discussion

Adult HLH patients have been consistently shown to have 
striking early mortality with 20–40% dying within 30 days 
of diagnosis [5, 11, 12]. Median survival times among 
adult HLH patients have typically been reported to be in 
the range of 1–4 months, with fewer than a third of patients 
surviving follow-up in most studies [4–7, 13]. Treatments in 
these studies have largely been those targeting the underly-
ing trigger of secondary HLH, with or without concurrent 
etoposide-based therapy. Across these studies, the addition 
of etoposide-based therapy has not demonstrated clear ben-
efit when compared with treatment of the underlying pro-
voking factor alone [4–7, 12]. In this study, the addition of 
anakinra yielded an OS of 1.7 months, similar to that which 
has been reported with treatment of the underlying trigger 
of HLH alone, and to that which has been reported with 
etoposide-based therapy. These findings cast some doubt 
onto the utility of anakinra in adult secondary HLH. How-
ever, among the subgroup of patients with a rheumatologic 
trigger of secondary HLH, OS was 75% (significantly higher 
than that among patients with HLH due to all other etiolo-
gies), suggesting the potential utility of anakinra among this 
specific group of HLH patients.

Given the well described cytokinemia central to the 
pathophysiology of HLH, it unsurprising that there has 
been strong interest in novel cytokine-directed therapies. 
Anakinra was among the earliest cytokine blockers used 
in the management of HLH (although much of its use in 
this context remains off-label). It has shown impressive 
efficacy in pediatric secondary HLH, particularly in mac-
rophage activation syndrome (MAS, or secondary HLH 
due to a rheumatologic trigger). In a single-center series 
of 8 critically ill pediatric patients who received anakinra 
as first line therapy for secondary HLH, OS was 88% [14]. 
Of note, the underlying triggers for secondary HLH among 

these patients was not described. In a single-center series of 
44 pediatric patients with secondary HLH, OS was 73%, and 
earlier initiation of anakinra was associated with improved 
survival [15]. A large proportion of this cohort (64%) had 
an underlying autoimmune or rheumatologic trigger for sec-
ondary HLH and an additional 23% had no evident trigger. 
Those patients with an underlying rheumatologic trigger 
had the lowest mortality rate, while patients with other trig-
gers had significantly higher mortality rates (and those with 
underlying hematologic malignancy had a 100% mortality 
rate). In a single-center series of 19 pediatric patients with 
MAS treated with intravenous anakinra, OS was 74% [16]. 
In a two-center series of 12 patients with MAS treated with 
anakinra, OS was 100% [17]. Anakinra was well-tolerated 
and demonstrated minimal toxicity across all above studies.

It must be emphasized however that pediatric and adult 
HLH are fundamentally different diseases, and pediatric 
HLH data cannot be easily extrapolated to the treatment of 
adult HLH patients. In children, HLH is often caused by 
congenital immune abnormalities or EBV-related viruses, 
while adults adults HLH secondary to hematologic malig-
nancies and/or bacterial sepsis is far more common. There-
fore, encouraging findings among pediatric cohorts are not 
sufficient to justify anakinra’s use among adult patients. 
The adult literature regarding use of anakinra in second-
ary HLH is somewhat more limited than the pediatric, 
with described cohorts typically smaller. Reported survival 
rates have appeared better than those previously reported 
with etoposide-based therapy, with the benefit of anakinra 
most-apparent in those cohorts enriched in rheumatologic 
cases (MAS). Previously described cohorts of adult sec-
ondary HLH patients treated with anakinra are summarized 
in Table 3. In a cohort of 13 adults with secondary HLH 
treated with anakinra, OS was 69% [18]. The majority of 
this cohort (62%) had an autoimmune or rheumatologic trig-
ger and OS was particularly high in this subgroup (88%), 
compared with 40% among the 5-patients with non-MAS 
HLH [18]. Similarly, in a cohort of five patients, four of 
which had an autoimmune or rheumatologic cause of HLH, 
OS was 80% (notably anakinra was given via continuous 
intravenous infusion) [19]. Outcomes have been less impres-
sive in those cohorts with relatively fewer MAS patients, 
and relatively greater proportions of patients with malignant 
and/or infectious triggers [20, 21]. Although one series did 
report an OS of 63% among adult patients with HLH sec-
ondary to COVID-19 infection (notably anakinra was give 
via the intravenous route) [22]. As in the pediatric series, in 
the adult series anakinra was well tolerated with minimal 
evident toxicity or immunosuppression.

The OS reported in this series (31%) is lower than that 
reported in those above. This is likely because this series 
contained a relatively small proportion of patients with 
underlying rheumatologic causes of HLH (only 25%). 
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Notably, OS was 75% among the four-patient subgroup 
with rheumatologic triggers. Only two patients with a non-
rheumatologic cause of HLH (2/12, 17%) survived follow-
up. One of these two patients (patient #16) had no clearly 
evident trigger for secondary HLH, and this combined with 
his relatively young age suggests the possibility of occult 
primary HLH due to an unknown mutation which could not 
be identified on genetic testing (this patient subsequently 
underwent allogeneic bone marrow transplantation follow-
ing anakinra-induced remission). The findings in this study, 
and those of the above cited studies, suggest that anakinra 
may have particular utility in those specific instances of sec-
ondary HLH which arise due to rheumatologic or autoim-
mune triggers (MAS). Anakinra does not appear to have 
nearly the same efficacy in secondary HLH due to other 
causes such as hematologic malignancy or infection. This 
may be due to the unique cytokine profile of MAS relative 
to other causes of secondary HLH, or may be due to the fact 
that the associated hematologic malignancies and infections 
simply have an intrinsically worse prognoses than rheumato-
logic disorders (independent of HLH). Notably, some studies 
have reported particularly good outcomes with intravenous 
rather than subcutaneous use of anakinra, and the optimal 
route of administration may merit further investigation [16, 
19, 22, 23].

Anakinra was well-tolerated in this study as well as in 
all those cited above. This is an important distinction when 
comparing it to etoposide-based therapy, which may be 
highly toxic, immunosuppressive, and myelosuppressive 
[24, 25]. These immunosuppressive and myelosuppressive 
properties are challenges in cases of HLH due to hemato-
logic malignancy (wherein patients may already be receiving 
or may need to subsequently receive additional immuno-
suppressive and myelosuppressive chemotherapy), infection 
(wherein immunosuppression and myelosuppression risk 
worsening the underlying infection), and rheumatologic dis-
ease (wherein patients are often already on multiple immu-
nosuppressants, and the addition of etoposide may cause 
greater susceptibility to infection, and may limited use of 
other immunosuppressants due to myelosuppression). The 
non-myelosuppressive, and only mildly immunosuppressive, 
properties on anakinra make it relatively easier to combine 
with other therapies targeting the underlying triggers of sec-
ondary HLH.

This study is limited by its retrospective nature and small 
sample size (although it is the largest series describing the 
use of anakinra in adult secondary HLH reported to date). 
Patients received anakinra at different lines of therapy, with 
differing prior and concurrent therapies, at a wide variety 
of dosage schedules, and for varying periods of time. This 
heterogeneity of use across cases makes firm conclusions 
difficult, and limits any definitive statements regarding 
anakinra’s efficacy and toxicity. Clearly, prospective studies Ta
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are needed (and even additional retrospective experiences 
which may add to the pool of available data would be use-
ful). Nevertheless, it does appear that anakinra may be of 
significant utility in cases of secondary HLH due to rheu-
matologic causes (MAS), and likely of more limited utility 
in secondary HLH of other etiologies. Anakinra appears to 
be well tolerated with only rare and minimal toxicity. This is 
an important feature in the context of secondary HLH where 
the ability to combine HLH-directed therapies with therapies 
for the provoking disease process is crucial.
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