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Introduction:	HLH	overview
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The main clinical manifestations of HLH include 
fever, hepatosplenomegaly, lymphadenopathy, cytope-
nia, hyperferritinemia, hypertriglyceridemia, hypofi-
brinogenemia and multiorgan dysfunction, which may 
also lead to neurological symptoms [4]. HLH, diag-
nosed according to the HLH-2004 criteria and HScore, 
can be classified into primary HLH (pHLH) and sec-
ondary HLH (sHLH) based on the presence of under-
lying genetic defects (Fig.  2). Primary HLH is a rare 
but severe genetic immune system disorder, primar-
ily caused by a group of genetic mutations associated 
with immune dysfunction such as LYST, SH2D1A, 
PRF1, etc [5–9]. Since allogeneic hematopoietic stem 

cell transplantation (HSCT) can effectively control the 
development of pHLH, early genetic testing to iden-
tify gene abnormalities for pHLH diagnosis is crucial 
for subsequent treatment and prognosis. On the other 
hand, patients with sHLH are believed to develop the 
syndrome as a complication triggered by various dis-
eases, such as infection, malignancy, autoimmune dis-
ease, etc. Specifically, HLH secondary to rheumatic or 
autoinflammatory diseases is also referred to as mac-
rophage activation syndrome (MAS), which is com-
monly seen in systemic juvenile idiopathic arthritis 
(sJIA), systemic lupus erythematosus (SLE), Kawa-
saki disease, and adult Still’s disease (AOSD) [10–13]. 

Fig. 1 Timeline of the history of hemophagocytic lymphohistiocytosis (HLH). The figure illustrates the key milestones in the discovery of HLH 
over the past 80 years. HLH was first described in 1939, and since then, various types of primary and secondary HLH have been defined gradually. 
Mutations in genes associated with HLH have also been progressively discovered. CHS chédiak-higashi syndrome, GS-2 griscelli syndrome type 
2, LPI lysinuric protein intolerance, X-SCID X-linked severe combined immunodeficiency, XLP-1 X-linked lymphoproliferative sisease-1, HPS-2 
hermansky–pudlak syndrome 2, XLP-2 X-linked lymphoproliferative disease-2, HIDS hyper-IgD syndrome, MKD mevalonate kinase deficiency, XLA 
X-linked agammaglobulinemia, ALPS autoimmune lymphoproliferative syndrome
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and albumin below 20 g/l were associated with early death 
in univariate analysis. Multivariate analysis revealed platelets 
below 20*109/l (HR 3.446; 95% CI 1.471–8.073; p =  0.004) 
and albumin below 20 g/l (HR 2.531; 95% CI 1.067–6.005; 
p =  0.035) to be independent predictors for early death within 
30 days after HLH diagnosis.

Discussion

Hemophagocytic lymphohistiocytosis (HLH) constitutes 
a severe hyperinflammatory syndrome emerging from 
a deregulated immune system due to various triggering 
conditions. Despite being first described back in 1928 
by Tschistowitsch and Bykowa as systemic reticulosis 

(presumably the first report ever) (Tschistowitsch and 
Bykowa 1928) and 1939 by Scott and Robb-Smith as his-
tiocytic medullary reticulosis (first report in english) (Bod-
ley Scott and Robb-Smith 1939), HLH in adult patients 
was neglected for a long time. Increasing awareness devel-
oped during the past decade resulting in a growing number 
of publications (Arca et al. 2015; Bachier Rodriguez and 
Ritchie 2016; Berliner et al. 2016; Delavigne et al. 2014; 
Fardet et al. 2010; Halacli et al. 2016; Li et al. 2014, 2015; 
Machaczka et al. 2011; Otrock and Eby 2015; Park et al. 
2012; Ramos-Casals et al. 2014; Riviere et al. 2014; Sch-
ram et al. 2016; Tamamyan et al. 2016). However, only few 
case series on adult HLH are available and essential parts 
of current management standards for adult patients (i.e., 
diagnostic criteria, treatment protocols) are adapted from 

Fig. 1  Kaplan–Meier plot show-
ing overall survival for different 
HLH subgroups. Patients with 
malignancy-associated HLH 
had the shortest median survival 
time, although no statistically 
significant difference between 
the subgroups was observed 
(log-rank test: p =  0.077)

Wu Y, et al. J Hem and Oncol 2024; Logan AC, et al. Cancers 2023; Birndt S, et al. J Cancer and Clin Oncol 2020 
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is usually driven by a highly immunogenic trigger (i.e., secondary HLH, sHLH) rather
than primary cytotoxicity defects [11], though in some cases, a relevant, often hypomorphic
genetic mutation affecting cell-mediated immunity may be identified [12–15].

 

Figure 1. Pathophysiology of HLH [16]. Primary HLH is driven by genetic defects in T or NK cell
cytotoxicity, while sHLH is driven by immune hyperactivation against an antigenic trigger. Clinical
manifestations arise from a common pathway, resulting in persistent accumulation and activation
of CD8+ T cells, NK cells, macrophages, and proinflammatory cytokines, resulting in end-organ
damage. Adapted with modifications from Paolino et al. [16], with use, distribution, and reproduction
permitted under the terms of the Creative Commons Attribution License (CC BY).

Triggers for sHLH vary greatly by geographic location. Common triggers are diseases
associated with immune activation, such as autoimmune disorders, infections, and ma-
lignancies (Table 1). In North America and Europe, around 50% of adult HLH is due to
an underlying malignancy, with the remaining 50% associated with rheumatologic dis-
eases (also known as macrophage activation syndrome, or MAS, in this setting), infections
(especially chronic viral infections, such as Epstein–Barr virus (EBV), cytomegalovirus
(CMV), varicella zoster virus (VZV), herpes simplex virus (HSV), or human immunodefi-
ciency virus (HIV), and under less frequent circumstances, infections with other non-viral
pathogens), or treatment, usually from cell therapy (hematopoietic cell transplantation
(HCT) or chimeric antigen receptor (CAR) T cells) [17–20]. A minority of adult HLH cases
are late presentations of primary HLH or are idiopathic, in which no discernable cause
is found.

Based on retrospective data, outcomes in adults with sHLH differ widely between
those in whom the syndrome is non-malignant (nmHLH) or malignancy-associated (mHLH).
Long-term survival for adult nmHLH is comparable to pediatric HLH, whereas mHLH out-
comes are particularly poor, with <20% survival at one year (median survival ~2 months)
based on retrospective studies from the Mayo Clinic, MD Anderson Cancer Center, and the
Harvard-affiliated hospitals [21–23]. mHLH therefore represents an area of much-needed
investigation since many studies (for adult and pediatric HLH) exclude mHLH. Current
management practices advise treating acute hypercytokinemia, followed by cancer-directed
therapy [24–27]. It is unknown, however, whether treatment of mHLH confers a survival
benefit over treatment of the underlying malignancy. It is also unknown whether the
diagnostic criteria for mHLH should be the same as with nmHLH. This review provides
an updated summary of the existing literature on the diagnosis and management of adult
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with a total bilirubin level of >21 µmol/l and indirect bilirubin 
level of >14 µmol/l in the LAHS group were significantly 
higher compared with those in the non-LAHS group. Previous 
studies have demonstrated that there is a significant differ-
ence in total bilirubin indicators between groups of patients 
with different prognostic factors, and the evident anomaly of 
various indicators is associated with disease-induced multiple 
organ function impairment (23,24). Therefore, these may be 
among the causes of the high early mortality rate in patients 
with LAHS. Hyperbilirubinemia is considered to be a risk 
factor of early death (25). Hepatomegaly and lymphade-
nopathy were also significantly different between the LAHS 
and non-LAHS groups in the present study, which was likely 
associated with secondary lymphoma in patients with LAHS. 
Notably, hepatomegaly is a risk factor for NK/T-LAHS (26).

In a previous study, Ishii et al (3) analyzed the outcomes 
of distinct subtypes of HPS, which revealed that the 
5-year OS rates were 89.6% for autoimmune-associated 

HPS, 89.0% for other infection-associated HPS, 82.7% for 
Epstein-Barr virus-HPS, 48.2% for B-LAHS and 12.2% 
for NK/T-LAHS. The overall mortality associated with 
LAHS has been reported to be 79.6% (26). A study of 
28 cases of T-LAHS reported that all patients died, with 
89.0% deaths occurring within 6 months of diagnosis (9). 
The present study retrospectively analyzed the prognosis 
for 139 patients with LAHS. The OS of patients with LAHS 
was significantly lower than that in patients with non‑LAHS 
(21.5 vs. 52.4%; P<0.001). However, when patients with early 
mortality were excluded, the difference in OS between the 
patients with and without LAHS appeared to decrease, as 
the difference was less significant (P=0.041). This shows 
that if LAHS patients can overcome early death, their OS 
improves significantly. Therefore, it is essential to reduce 
early mortality in order to improve the prognosis of 
patients with LAHS. At present, there is no unified standard 
treatment for LAHS, and the optimal therapeutic option 
remains largely undefined. Various therapeutic strategies 
have been reported, such as steroid pulse therapy, IVIG, 
the CHOP regimen, the HPS-2004 protocol, the HPS-94 
protocol and CD25 monoclonal antibody treatment (6). 
However, the complexity of LAHS may delay the timing of 

Table III. Continued.

Variable N Early death, n (%) P-value

LDH, U/l   <0.001
  ≤1,000 80 28 (35.0) 
  >1,000 59 42 (71.2) 
Ferritin, µg/l   0.012
  ≤10,000 80 33 (41.2) 
  >10,000 59 37 (62.7) 
Spleen   0.017
  Splenomegaly 97 55 (56.7) 
  Normal 42 15 (35.7) 

WBC, white blood cell; Hb, hemoglobin; Plt, platelet; Fib, fibrinogen; 
PT, prothrombin time; APTT, activated partial thromboplastin time; 
ALB, albumin; GLB, globulin; ALT, alanine transaminase; AST, 
aspartate aminotransferase; TB, total bilirubin; DB, direct bilirubin; 
IB, indirect bilirubin; Cr, creatinine; TG, triglyceride; LDH, lactate 
dehydrogenase; Cr abnormal, CR <45 or >85 µmol/l; Cr normal, Cr 
45‑85 µmol/l.

Figure 3. Comparison of the 5-year relapse-free survival of patients in the 
LAHS and non-LAHS groups. The overall survival rates were 7.7 vs. 48.3%, 
respectively (P<0.001). LAHS, lymphoma-associated hemophagocytic 
syndrome; non-LAHS, other type of hemophagocytic syndrome.

Figure 4. Comparison of the 5-year overall survival of patients in the 
LAHS and non-LAHS groups excluding patients with early death. The 
overall survival rates were 43.3 vs. 80.2%, respectively (P=0.041). LAHS, 
lymphoma-associated hemophagocytic syndrome; non-LAHS, other type of 
hemophagocytic syndrome.

Figure 5. Comparison of the 5-year relapse-free survival of patients in the 
LAHS and non-LAHS groups excluding patients with early death. The 
relapse-free survival rates were 22.9 vs. 73.8%, respectively (P=0.002). 
LAHS, lymphoma-associated hemophagocytic syndrome; non-LAHS, other 
type of hemophagocytic syndrome.

were from Japan and China (174 and 138 pts, respectively),
followed by France (93 pts). Figure 2 provides an overview on the
geographic distribution and shows corresponding lymphoma
subgroups, Supplementary Table 1 shows countries of origin and
the corresponding lymphoma subtypes. Of note, T-NHL was
reported more frequently in publications originating from China
compared to all other countries, with particular emphasis on
natural killer/T-cell lymphoma (NKTCL).

Lymphoma subtypes
There was an equal distribution of T-NHL and B-NHL-triggered
HLH (45.2% and 45.6% of all patients, respectively). Hodgkin’s
lymphoma-associated HLH was reported in 8.9% of all cases. The
most common T-NHL subgroups according to 2016 World Health
Organization classification of lymphoid neoplasms [144] were
peripheral T-cell lymphoma, not otherwise specified (21.2% of all
T-NHL-HLH cases) and extranodal NKTCL, nasal type (29.8%).
Moreover, subcutaneous panniculitis-like T-cell lymphoma (SPTCL)
and angioimmunoblastic T-NHL (AITL) were frequently reported
(8.6% and 6.1%, respectively). In the B-NHL group diffuse large
B-cell lymphoma represents the main etiology (50.6% of all B-NHL-
associated HLH cases), followed by intravascular large B-cell
lymphoma (23.1%). Figure 3 shows a graphic impression of
different LA-HLH subgroups, and Supplementary Table 2 gives a
detailed listing of lymphoma subtypes with their percentage
distributions.

Patient characteristics, clinical features
Besides typical symptoms like fever, or enlarged liver and spleen,
there was a wide spectrum of symptoms caused by involvement
of liver, lung, or the gastrointestinal tract. Of note, there was a
high percentage of bone marrow infiltration due to lymphoma
throughout all subgroups, which was highest in the B-NHL
subgroup with almost 80%. The vast majority of patients (91.6%)
presented in Ann-Arbor stages III and IV. Half of the patients with
T-NHL exhibited skin changes. Table 1 comprises clinical features
of the total lymphoma cohort, and patients grouped by
subentities.

Laboratory features
Single or more extensive laboratory values were available for 225
patients. About 60% of the patients presented with cytopenia of at
least two lineages; thrombocytopenia less than 100 × 109/l was
observed most frequently (85.6%), followed by anemia and
neutropenia (61.4 and 44.2%, respectively). Ferritin as a hallmark

of HLH was increased in 90% of the patients, median ferritin level
was 4808 µg/l (range, 12–526,259), and 30% of the patients
presented with extremely elevated values beyond 15,000 µg/l.
Comparing different lymphoma subgroups, patients with T-NHL
showed significantly higher median ferritin levels than the B-NHL
group (7604 vs. 2785 µg/l, p= 0.045) and more often had values of
above 10,000 µg/l (47.8 vs. 23.6%, p= 0.003). Elevated triglycerides
were observed in 62% of the patients, while low fibrinogen was
present in 42%. Virtually all patients had elevated soluble CD25
(sCD25) levels, with a median of 10,380 U/ml (range,
1194–108,640) for the entire cohort. Comparing sCD25 levels
between lymphoma subgroups, there was no significant differ-
ence between the B-NHL and T-NHL group (median 9585 U/ml
[range, 1194–71,834] vs. 14,000 U/ml [range, 3588–108,640],
p= 0.392). However, the sCD25/ferritin ratio was higher in patients
with HLH triggered by B-NHL. Patients with Hodgkin’s lymphoma-
HLH showed the highest sCD25 levels with a median level of
24,414 U/ml (range, 4250–96,415). Lactate dehydrogenase levels
were elevated in nearly all patients (97.3%), with a significant
increase of more than five times the upper limit of normal in one
third (34.4% of the patients). Patients with T-NHL tended to have
lower platelet counts and lower fibrinogen than B-NHL patients.
Table 2 shows detailed laboratory features of all patients with
available data and grouped into B- and T-NHL associated HLH,
Supplementary Table 6 provides laboratory features of Hodgkin’s
lymphoma-HLH patients.
EBV status was available for 131 patients. Of these, 29 (22.1%)

had past infection and 49 (37.4%) presented with EBV reactivation
defined as active EBV replication. Comparing lymphoma sub-
groups, patients with T-NHL showed a higher percentage of EBV
replication than B-NHL (41.7 vs. 18.8%), while virtually all
Hodgkin’s lymphoma patients exhibited EBV replication (89.5%).
Data on EBV status are comprised in Supplementary Table 3.

Treatment
Detailed information on HLH treatment and lymphoma-specific
therapy (or if no such treatment was administered) was available
for 184/542 patients (33.9%) and 280/542 patients (51.7%),
respectively. 94.3% (264/280) of the patients with available
information received treatment for either HLH, lymphoma, or
both. Forty patients (14.3%) were treated for HLH only, while 222
patients (79.3%) received lymphoma-specific treatment (alone or
in combination) and 90 patients (32.1%) were treated for HLH and
lymphoma. Sixteen patients (5.7%) received neither HLH- nor
lymphoma-specific treatment. 29 of 222 patients with information

Fig. 3 Distribution of HLH-triggering lymphoma subtypes. Two patients had HLH due to not further specified lymphoma. Abbreviations:
B-NHL B-cell non-Hodgkin lymphoma, T-NHL T-cell non-Hodgkin lymphoma, HL Hodgkin’s lymphoma, PTCL, NOS Peripheral T-cell lymphoma,
not otherwise specified, SPTCL Subcutaneous panniculitis-like T-cell lymphoma, ENKTCL, NT Extranodal natural killer/T-cell lymphoma, nasal
type, NKTCL Natural killer/T-cell lymphoma, AITL Angioimmunoblastic T-cell lymphoma, ALCL Anaplastic large-cell lymphoma, DLBCL Diffuse
large B-cell lymphoma, BCL, NOS B-cell lymphoma, not otherwise specified, MZL Marginal zone lymphoma, CLL Chronic lymphocytic
leukemia, LPL Lymphoplasmacytic lymphoma, HGBCL High-grade B-cell lymphoma, MCL Mantle cell lymphoma.

J. Knauft et al.

238

Leukemia (2024) 38:235 – 249

Fig. 4 Kaplan-Meier plots displaying estimated survival. Kaplan-Meier plots displaying estimated survival. Plot (a) shows information for
the entire cohort, (b) for lymphoma subgroups, and (c) for patients who had received any lymphoma-specific treatment depending on
lymphoma subgroup. Abbreviations: LA-HLH lymphoma-associated hemophagocytic lymphohistiocytosis, B-NHL B-cell non-Hodgkin
lymphoma, T-NHL T-cell non-Hodgkin lymphoma, HL Hodgkin’s lymphoma, NKTCL natural killer/T-cell lymphoma.

J. Knauft et al.

242

Leukemia (2024) 38:235 – 249
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● Hodgkin 
lymphoma 

Classical Hodgkin lymphoma, NLPHL  

● Leukemia B-ALL, T-ALL, AML, CLL 

● Other 
hematologic
al 
malignancies 

MDS, Castleman disease, plasma cell myeloma 

● Solid tumor Wilms tumor, germ cell tumor, lung cancer, colon 
cancer, prostate cancer, hepatocellular carcinoma, 
squamous cell carcinoma 

HLH in the context 
of immune 
compromise  

(IC-HLH) 

Primary Immunodeficiency: SCID, Omenn syndrome, 
severe DiGeorge syndrome, Wiskott-Aldrich 
syndrome, CGD, X-linked agammaglobulinemia, and 
ALPS 

(66) 

 

HLH in the context 
of cancer-directed 
therapy (Rx-HLH) 

 

Immunosuppressive/chemotherapy: e.g. 
mercaptopurine 

T-cell engaging antibodies, CAR T-cell therapy, organ 
or stem cell transplantation 

Immune checkpoint inhibitors (ICI-HLH): e.g. anti PD-
1, PD-L1, CTLA4 

(27, 28) 

 

HLH in the context 
of infection 

EBV, COVID-19, CMV, HSV, Hepatitis B/C, HHV-6, 
HHV-8, HIV, Parvovirus, Adenovirus, Histoplasma 

(11) 

HLH in the context 
of rheumatological 
disorders (R-
HLH/MAS) 

SLE, Still’s disease, RA, S-JRA, dermatomyositis, 
Kawasaki disease 

(67) 

Table 1. Etiology of HLH with a comprehensive list of diseases and agents implicated in M-HLH. 
ENKTL- extranodal NK/T-cell lymphoma; PTCL- peripheral T-cell lymphoma; ALCL- anaplastic large cell 
lymphoma; ANKL- aggressive natural killer cell leukemia; AITL – angioimmunoblastic T-cell lymphoma; 
DLBCL- diffuse large B-cell lymphoma; NLPHL- nodular lymphocyte predominant Hodgkin lymphoma; 
ALL- acute lymphocytic leukemia; AML- acute myeloid leukemia; CLL-  chronic lymphocytic leukemia; 
MDS – myelodysplastic syndrome; SCID - severe combined immunodeficiency; CGD – chronic 
granulomatous disease; ALPS - autoimmune lymphoproliferative syndrome; SLE - systemic lupus 
erythematosus;  RA- rheumatoid arthritis; S-JRA- systemic juvenile rheumatoid arthritis. 
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Las cifras del cáncer en España 2025

Como indicábamos anteriormente, puede apreciarse un claro descenso en el cáncer de pulmón y de vejiga uri-
naria en hombres, ambos relacionados con la reducción del hábito tabáquico, junto con un claro aumento en el 
cáncer de pulmón en mujeres, en 2025 con una tasa de incidencia  2,4 veces superior que la de 2006.

Pese a todo, según los datos de la Encuesta de Condiciones de vida de 2022 en España del Instituto Nacional de 
Estadística (INE), todavía el 14,9% de las mujeres y 20,2% de los hombres fuman a diario. Por ello, junto con el 
periodo de latencia entre la exposición al tabaco y la aparición del tumor, las incidencias de los cánceres relacio-
nados con el tabaco son todavía muy superiores en los hombres. Sin embargo, es muy probable que la incidencia 
de estos cánceres en las mujeres siga incrementándose en los próximos años.

Por otro lado, en los últimos años se observa un ligero pero constante incremento en las tasas de incidencia del 
cáncer de mama en mujeres y de los cánceres de páncreas, riñón, tiroides y linfomas no hodgkinianos en ambos 
sexos. En el caso del cáncer de tiroides, la causa más importante del incremento es, probablemente, el sobrediag-
nóstico.

Figura 5. Evolución temporal de las tasas de la incidencia global de cáncer (excluidos los cutáneos no melanoma) y de los cánceres más frecuen-
tes en mujeres en España entre los años 2006 y 2025.

 Tasas ajustadas por edad a la nueva población estándar europea 
Fuente: Red Española de Registros de Cáncer (REDECAN).

TODOS LOS TUMORES EXCEPTO PIEL NO MELANOMA
COLON, RECTO Y ANO
PULMÓN
MAMA
CUERPO UTERINO

Años

200

300

400

500

600

0

100

20
20

20
22

20
21

20
23

20
24

20
25

20
06

20
07

20
08

20
09

20
10

20
11

20
12

20
13

20
14

20
15

20
16

20
17

20
18

20
19

Ta
sa

 p
or

 1
00

.0
00

Introduction:	Long-term survivorsPrecision Medicine: Long-term survivors

Events/N MST 24 
months

60 
months

IA1 68/781 NR 97% 92%

IA2 505/3105 NR 94% 83%

IA3 546/2417 NR 90% 77%

IB 560/1928 NR 87% 68%

IIA 215/585 NR 79% 60%

IIB 605/1453 66.0 72% 53%

IIIA 2052/3200 29.3 55% 36%

IIIB 1551/2140 19.0 44% 26%

IIIC 831/986 12.6 24% 13%

IVA 336/484 11.5 23% 10%

IVB 328/398 6.0 10% 0%
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                                  Long Term survivors & Chronic disease

Early Stage NSCLC:	State of	the artStage III treatment overview: IO revolution
Advances in the treatment of resectable NSCLC
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CHeST60

Advances in the adjuvant and neoadjuvant systemic treatment in resectable NSCLC

IMpower01026
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Targeted therapy ± chemotherapy
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European Medicines Agency

ADAURA18
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Adjuvant chemotherapy 
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Neoadjuvant chemotherapy 
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Immunotherapy ± chemotherapy

Figure 1: Timeline of key studies influencing the treatment of resectable NSCLC
Dashed red and blue lines indicate that marketing approval is pending. (#) Neoadjuvant treatment only. (*) Perioperative treatment. 

Abbreviation: NSCLC, non-small cell lung cancer.
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Houda I. Lancet Regional Health Europe, in press 2024

Hendriks L, et al. ESMO 2023; Peters S, et al. JITC 2021; Houda I, et al. Lancet Regional Health Europe 2024
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Henderson LA, et al. Frontiers in Immunology 2025

types of immune dysfunction. Some immMDTs are highly
structured, while others are ad hoc in nature. Many have formal
institutional backing, and others struggle to obtain such support;
however, all face sustainability concerns. Regardless of type, all
immMDTs share a similar goal of harnessing multidisciplinary
expertise and streamlining quality care for patients. This goal is
realized by implementing strategies to identify undiagnosed
patients, reduce the time to diagnosis and treatment, increase
awareness, and improve cross-specialty coordination and
collaboration (5, 6, 8, 55–57).

Here, we summarize the various models of successful
immMDTs to provide guidance for clinicians seeking to establish
an immMDT at their institution (Table 1) (59). Illustrative
examples of how immMDTs are operated, depending on the
setting, are also provided (Figure 2) (5, 6, 8, 55–57).

5.2 Inpatient immMDTs at academic
centers that treat patients with HLH/MAS

Program A uses an EBG to treat patients with HLH/MAS (6).
An EBG is a clinical algorithm designed to achieve consensus on the
optimal ways to manage a given condition. In program A, the
patient follows the EBG when there is concern for HLH/MAS;
broad criteria (fever and ferritin level ≥500 ng/mL) are used and
designed to capture as many patients as possible. A key aspect of
program A is that a single specialty (in this case, rheumatology) is
the initial point of contact in standardized patient referral patterns.
Based on clinical judgement, this service engages the HLH/MAS
immMDT team and guides the diagnostic evaluation and
management decisions. An order set within the electronic medical
record (EMR) augments standardized diagnostic testing and
medication administration (6). In addition, an email distribution

list facilitates real-time input and fosters collaboration among
membe r s . A c on s e n s u s mu s t b e a c h i e v e d b e f o r e
recommendations are given to the primary team.

Like program A, program B is also at an academic center and
focuses on patients with HLH/MAS (8). However, program B is
unique in that it uses a taskforce to assist in the diagnosis of patients
in the pediatric ICU (8). In program B, a best practice advisory that
uses the HLH diagnostic criteria actively screens all pediatric ICU
patients and uses EMRs to alert providers to initiate further
diagnostic testing. Additionally, an EPIC tool was built to
calculate an H-score to estimate risk of a hemophagocytic
syndrome. Like program A, program B also uses an email
distribution list to facilitate collaboration and case discussion.

5.3 Inpatient immMDTs at academic
centers that manage
immune dysregulation

Program C is at an academic center and manages all patients
with immune dysregulation (55). Inpatients are referred to program
C when immune dysregulation is suspected based on clinical and/or
laboratory features that prompt concern from the primary team,
and a consultation to the MDT service is subsequently arranged.
The on-call MDT member, a dedicated advanced practice provider
(APP), and responding specialist complete the consultation within
24 hours. The entire MDT team is contacted through a rapid-
response email distribution list so that additional multidisciplinary
input can be provided. In addition, the entire team reviews the
patient’s chart during a weekly conference and weighs the benefits
and limitations of different therapeutic approaches. Outpatient
initial consultation or follow-up through this immMDT is
also available.

FIGURE 1

Potential benefits of MDT care for different stakeholders. HCP, healthcare provider; MDT, multidisciplinary team; QI, quality improvement.
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Program D is similar to program C in that it is also housed at an
academic center, manages immune dysregulation, and has a
dedicated APP on staff (5). In program D, the APP is the initial
point of contact for patients who enter the program and acts as a
coordinator for the entire team. This program uses consultation
criteria (≥2 of the following: ≥2 organ systems involved, ≥2
subspecialty teams consulted, and/or disease that reoccurs ≥2
times) to identify patients with immune dysregulation and
multiple organ involvement. When the criteria are met, the APP
takes a detailed patient history and establishes which specialists are
needed. A care discussion is organized within 24 to 48 hours to
gather input from relevant providers. Additionally, the immMDT
holds a monthly patient review conference.

5.4 Inpatient immMDTs at community
centers that evaluate patients with
HLH/MAS

Community institutions can lack the same access to specialized
resources as academic institutions; therefore, creating an immMDT
can be more challenging. One such motivated institution, Program
E, enlists a work group that consults on cases presenting with fever
of unknown origin to improve the diagnosis and management of
HLH (58). The MDT has created an electronic order set specific to
the HLH diagnostic criteria for patients presenting with signs and
symptoms of HLH/MAS. The work group meets every 3 months to
discuss research and cases that are relevant to the diagnosis and
management of HLH/MAS. This work group’s popularity grew
through an internal email newsletter that includes basic disease
information and the latest research in HLH/MAS. Specialties in this
immMDT include hematology/oncology, infectious disease,

immunology, rheumatology, neonatology, and pediatric critical
care. Providers from hospitalist groups, clinical pharmacists, and
rotating medical students are also included (56–58).

5.5 Decentralized inpatient immMDT that
treats patients with HLH/MAS

Program F is a decentralized immMDT that specifically treats
patients with HLH/MAS. Program F employs a rotating lead, who is
a provider on service, to trigger engagement of the immMDT, and
each team member sees a patient individually as part of
consultations. Once a treatment decision is made by the
immMDT, the on-service team continues to treat the patient.
This type of immMDT preserves the autonomy of each specialist
and has no centralized or administrative support.

It is important to note that programs A to F are only a few
examples of immMDTs that are used to care for patients with
immune dysregulation. We aimed to highlight the diverse strategies
used to resolve challenges in the care of patients with
immune dysregulation.

6 Playbook for the institutional
implementation of an immMDT

With careful comparison and expert discussion, we have created
a guide to assist in the development and management of an
immMDT (Figure 3). Using this framework, we believe that it is
possible for institutions to build an immMDT that adapts to their
available resources and the specific needs of their patient population
(50). In this section, we recommend best practices for the successful

FIGURE 2

Shared elements among different immMDTs. EMR, electronic medical record; HLH, hemophagocytic lymphohistiocytosis; ICU, intensive care unit;
immMDT, immune dysregulation multidisciplinary team; MAS, macrophage activation syndrome; MDT, multidisciplinary team.
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Additionally, payer support specialists and/or case managers
who help facilitate financial coverage of potentially high-priced
outpatient medications may be useful in some situations. Quality
improvement (QI) metrics that measure outcomes may help
generate institutional support and sustainability; however, these
metrics can be difficult to follow and are not required to run a
successful immMDT.

A focus on clinical research initiatives, including collaboration
with a clinical laboratory for testing and research, is also important
but not necessary. Involvement with research networks such as the
United States Immunodeficiency Network, North American
Immuno-Hematology Clinical Education and Research
Consortium, Primary Immune Deficiency Treatment Consortium,
Undiagnosed Diseases Network, and North American Consortium
for Histiocytosis, among others, can be beneficial for gaining
support, increasing collaboration, and generating new insights on
many of these rare diseases. Association with these networks can
also provide funding and educational opportunities.

7 Barriers to implementation of MDTs
and best practices for initiation

The main barriers to implementing an MDT and expert
opinions on how to overcome these barriers are summarized in
Table 2 (11, 51, 52, 60, 61). At the physician level, lack of experience
and excessive workload can hinder the formation of MDTs. MDTs

require dedicated time for setup and operation that may be difficult
to integrate into an already full schedule. Additionally, uncertainty
surrounding team building, workflow processes, billing, and overall
structure can pose challenges. At the institutional level, MDTs can
be inhibited by lack of support or buy-in from leadership,
insufficient resources, and inadequate infrastructure. Other
significant barriers to MDT formation include the need for strong
internal leadership and modifying the perception that MDTs are
too large and difficult for smaller institutions to replicate.

MDTs require strong leadership from respected experts to be
successful. A highly motived leader or leaders who can ensure the
active participation and collaboration of all team members are
beneficial (11, 60). Due to the resource-intensive effort required,
this challenge may be overcome by granting full-time equivalent
status to the individual leading the team. Establishing clear
protocols on the structure, frequency, and duration of case
reviews can mitigate fears regarding time constraints and
competing responsibilities (51). Additionally, MDTs have been
shown to reduce provider burnout by fostering a sense of
personal accomplishment through professional growth, skill
development, and encouragement from colleagues (24).

MDTs can face institutional pushback due to disruption of the
established model of care and because perspectives on certain
therapies may differ between specialties (61). To gain support,
strategies to increase awareness and participation may be useful.
Such initiatives include garnering endorsement from institutional
leadership, meeting with internal stakeholders early in the planning

FIGURE 4

Core aspects needed to establish a context-dependent immMDT. The most essential features required for a successful immMDT are listed in the
center of the circle. immMDT, immune dysregulation multidisciplinary team; MDT, multidisciplinary team; QI, quality improvement.
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HLH	&	Cancer:	Underdiagnosed disease

and 2019 was not statistically significant (APC 11.0%,
CI −6.6 to 32%, p = 0.20). Fig. 5b–d demonstrate the
annual change in the rates of in-hospital mortality,
administration of HLH-specific treatment, and mean time
from admission to the administration of HLH-specific
treatment, respectively. There was no significant change
in these measures between 2007 and 2019. Subgroup
analysis of mortality rates revealed different trends across
various triggers; however, none of these subgroups
reached statistical significance (Supplementary
Figures S2–S5).

In-hospital mortality
A total of 2966 (18.4%) patients died during the hospi-
talization. Multivariate logistic regression analysis
showed that females had lower in-hospital mortality

than males (15% vs. 21.3% adjusted OR 0.74
[0.64–0.86]). Meanwhile, non-Caucasians had higher
odds of mortality than Caucasians but they were not
statistically significant. In-hospital mortality rates were
also different per different associated conditions.
Congenital immunodeficiency syndromes had the worst
outcomes (mortality rate 31.1%, adjusted OR 2.36
[1.56–3.59]), followed by malignancies (mortality rate
28.4%, adjusted OR 1.80 [1.46–2.22]), infections (mor-
tality rate 21.4%, adjusted OR 1.33 [1.10–1.62]), other/no
trigger (mortality rate 13.6%, adjusted OR 0.73
[0.58–0.92]), autoimmune (mortality rate 13%, adjusted
OR 0.72 [0.57–0.92]), and post-organ transplant status
(mortality rate 14.1%, adjusted OR 0.64 [0.43–0.97]).
Fig. 6 compares in-hospital mortality rates for different
demographic and comorbidity groups.

Fig. 2: Population pyramid showing patient distribution across different age and sex groups.

Fig. 3: Geographic distribution of adult HLH cases by hospital region.
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in our subgroup analysis. The initial peak was linked to
the higher incidence of infections and autoimmune
conditions, whereas the second peak was associated
with higher incidence of malignancies. Furthermore, we
found that more than 97% of the cases were admitted to
urban hospitals, and more than 86% were admitted to
teaching hospitals. This may reflect the fact that teach-
ing hospitals often have more resources and expertise to
manage complex cases such as HLH. Interestingly, we
also found significant geographic differences in rates of
adult HLH admissions. Hospitals in the New England
region, for example, had approximately double the rate
of the South Atlantic region. This might reflect a higher
academic interest in these states, which leads to
increased testing for rare conditions like HLH.
Furthermore, while these differences might also be due
to actual differences in underlying demographics and
associated conditions, our data did not show any
meaningful differences in these variables that could
explain the variability in incidence rate.

Our trends analysis showed a significant increase in
the rate of HLH over the study period (APC of 25.3%).
This is consistent with previous studies, which have
reported an increasing incidence of HLH in various
populations.17 Whether this trend is related to increased
awareness of the disease or an actual increase in its
occurrence is unknown. The recent development and
validation of the H-Score for diagnosing secondary HLH
may have also contributed to enhanced detection of this
condition in adults.22,23 On the other hand, We found
that this was not accompanied by a significant

improvement in the overall in-hospital mortality rates.
This highlights the need for new therapeutic approaches
and novel treatments. Presently, clinical practice in adult
HLH is mostly based on paediatric HLH-94 and HLH-
2004 protocols, which use etoposide, glucocorticoids,
and calcineurin inhibitors as the mainstay of treat-
ment.1,12,24 Promising new agents have shown benefit in
observational studies and small clinical trials. These
include anakinra (an IL-1 blocker), ruxolitinib (JAK1/2
inhibitor), alemtuzumab (CD52 monoclonal antibody),
and emapalumab (anti–IFN-γ monoclonal antibody).25–31

However, larger randomized clinical trials on these
agents are lacking which limits their widespread use.
We also found no significant change in the rate or time
of administration of in-hospital antineoplastic chemo-
therapy or immunotherapy. This could be partially
attributed to the fact that many physicians may initially
prioritize treatments aimed at addressing the underly-
ing condition, particularly when patients are clinically
stable. For example, HLH secondary to autoimmune
conditions can sometimes be treated with steroids
alone, obviating the need for antineoplastic therapy.
However, clinicians must exercise a cautious approach
and maintain a low threshold to initiate treatment
without waiting for confirmatory testing, as delaying
HLH-specific therapy can adversely affect patient
outcomes.32

The most frequently associated condition with HLH
in our sample was malignancy (30.7%), followed by in-
fections (24.3%), autoimmune conditions (20.8%), organ
transplant status (4%), and congenital immunodeficiency

Fig. 5: Trends and annual percentage changes. (a) Adult HLH rate per 100,000 admissions; (b) Rate of in-hospital mortality; (c) Rate of in-
hospital HLH treatment; (d) Mean time to in-hospital treatment. APC, Annual Percent Change.
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of the South Atlantic region. This might reflect a higher
academic interest in these states, which leads to
increased testing for rare conditions like HLH.
Furthermore, while these differences might also be due
to actual differences in underlying demographics and
associated conditions, our data did not show any
meaningful differences in these variables that could
explain the variability in incidence rate.
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reported an increasing incidence of HLH in various
populations.17 Whether this trend is related to increased
awareness of the disease or an actual increase in its
occurrence is unknown. The recent development and
validation of the H-Score for diagnosing secondary HLH
may have also contributed to enhanced detection of this
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that this was not accompanied by a significant
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2004 protocols, which use etoposide, glucocorticoids,
and calcineurin inhibitors as the mainstay of treat-
ment.1,12,24 Promising new agents have shown benefit in
observational studies and small clinical trials. These
include anakinra (an IL-1 blocker), ruxolitinib (JAK1/2
inhibitor), alemtuzumab (CD52 monoclonal antibody),
and emapalumab (anti–IFN-γ monoclonal antibody).25–31

However, larger randomized clinical trials on these
agents are lacking which limits their widespread use.
We also found no significant change in the rate or time
of administration of in-hospital antineoplastic chemo-
therapy or immunotherapy. This could be partially
attributed to the fact that many physicians may initially
prioritize treatments aimed at addressing the underly-
ing condition, particularly when patients are clinically
stable. For example, HLH secondary to autoimmune
conditions can sometimes be treated with steroids
alone, obviating the need for antineoplastic therapy.
However, clinicians must exercise a cautious approach
and maintain a low threshold to initiate treatment
without waiting for confirmatory testing, as delaying
HLH-specific therapy can adversely affect patient
outcomes.32

The most frequently associated condition with HLH
in our sample was malignancy (30.7%), followed by in-
fections (24.3%), autoimmune conditions (20.8%), organ
transplant status (4%), and congenital immunodeficiency

Fig. 5: Trends and annual percentage changes. (a) Adult HLH rate per 100,000 admissions; (b) Rate of in-hospital mortality; (c) Rate of in-
hospital HLH treatment; (d) Mean time to in-hospital treatment. APC, Annual Percent Change.
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third diagnostic strategy (Table 2, and Table S1 
in the Supplementary Appendix, available with 
the full text of this article at NEJM.org).34

Familial HLH may already be present at birth 
or even in utero,36 whereas less severe forms, 
which may have a less typical clinical presenta-
tion and therefore be diagnostically challenging, 
may develop during adolescence or adulthood.26 
Not all patients with familial HLH fulfill the clini-
cal diagnostic criteria, and HLH-directed therapy 
sometimes has to be initiated on the basis of a 
strong clinical suspicion of HLH, before over-
whelming disease activity causes irreversible dam-
age of one or more organs, such as the brain.

The presence of verified pathogenic genetic 
variants is essential to confirm the diagnosis of 

familial HLH. This process is facilitated by the 
increasingly rapid turnaround time for genomic 
testing. However, lymphocyte cytotoxicity assays, 
which are often faster, may suggest genetic HLH 
and support treatment decisions. The absence of 
perforin expression on a flow-cytometric assay 
quantifying intracellular perforin expression in 
cytotoxic cells suggests PRF1 variants.45 Muta-
tions in UNC13D, STXBP2, STX11, and RAB27A may 
be detected on the basis of reduced or absent 
CD107a fluorescence at the cell membrane, a find-
ing that indicates decreased or defective perforin 
exocytosis.46 Flow-cytometric screening, includ-
ing screening for CD107a, perforin, and if the 
patient is male, XLP1 and XLP2, is suggested in 
children and young adults and worth considering 

Figure 3. Endogenous and Exogenous Components Causing HLH.

Primary HLH is typically caused by deficient cytotoxic function; an infection sometimes triggers its onset, but pri-
mary HLH may also develop without any apparent triggers. The cause of secondary HLH can be multifactorial, of-
ten with a predominant underlying cause, but the pathophysiological mechanisms are still incompletely understood. 
According to the threshold model, described by Brisse et al.,9 various endogenous components (genetic factors af-
fecting cytotoxic function and background inflammation) and exogenous components (underlying immunosuppres-
sion and infectious triggers) combine to eventually reach a threshold at which inflammation becomes uncontrolled 
and fulminant HLH develops. EBV denotes Epstein–Barr virus, HIV human immunodeficiency virus, IBD inflamma-
tory bowel disease, JIA juvenile idiopathic arthritis, RA rheumatoid arthritis, and SLE systemic lupus erythematosus.
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2.1.6 Treatment 

Do not delay first line treatment if HLH is diagnosed/suspected with high HScore in a patient with at-risk 

clinical features (fever, cytopaenia, hyperferritinaemia).  

First line treatment is usually with corticosteroids. 

Where there is concern about concomitant 

infection +/- infection driving HLH, cover with 

appropriate antimicrobials. Do not delay treatment 

with steroids unless there are definitely 

contraindicated.  
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Figure 2. Schematic for Recommended Evaluation of Adult HLH. 1 Though uncommon in adults,
central nervous system (CNS) manifestations of HLH are possible and should be evaluated with
cerebrospinal fluid (CSF) analysis, as well as magnetic resonance imaging (MRI). 2 Given likelihood
of malignancy in adults with HLH and its poor prognosis, mHLH must be evaluated promptly. If
mHLH is diagnosed, complete cancer workup remains a priority. Biopsy confirmation of malignancy
may not be possible in patients critically ill due to HLH; in these cases, we recommend proceeding
with HLH-directed therapy, followed by pathologic confirmation when clinically stable. 3 Consider
workup of other endemic causes/mimics of HLH (e.g., visceral leishmaniasis, Rickettsia), where
appropriate, based on exposures. 4 Genetic testing is recommended for suspected primary HLH
(young patients or family history) or patients with HLH recurrence, as HLH variants are increasingly
recognized with late HLH phenotype emergence [13]. Note: treatment-associated HLH (such as with
CAR-T cells or HCT) is considered a separate diagnostic entity and does not require an extensive
workup as above due to the temporal proximity of HLH clinical manifestations to the cell therapy
administration [49], for which the underlying cause is more obvious.

4. Treatment of mHLH
4.1. HLH-94 Protocol

Since HLH is a common immunological pathway induced by a diverse spectrum of
proinflammatory diseases, adequate control of HLH depends on the reversal of the under-
lying disease. The identification of this underlying disease is paramount to appropriate
diagnostic evaluation and treatment. The challenge in mHLH, however, is several-fold.
Often, the specific neoplasm causing HLH cannot be determined during acute cytokine
storm, and delays in tissue diagnosis result in delays in adequate cancer-directed treatment.
Additionally, HLH in this setting is often triggered by a combination of malignancy, infec-
tion, and/or predisposing immune dysregulation, requiring multifactorial and stepwise
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Treatment in adults cannot be standardized and 
requires individualized care according to the 
underlying issues and triggers that resulted in 

HLH (infection, malignancy, autoimmune/ 
autoinflammatory, drug-induced, and other 
causes). 

 
Table 2. HLH-2004 Diagnostic Criteria [11] 

 
If either condition A or condition B is true, the diagnosis of HLH can be made: 
A. A molecular diagnostic that supports HLH 
B. Any five out of the eight clinical and laboratory criteria for HLH listed below: 
1. Fever ≥ 38.5 °C for ≥ 7 days 
2. Splenomegaly ≥ 3 finger breadth below the left subcoastal margin 
3. Cytopenias affecting about ≥ 2of 3 lineages in peripheral blood 

Hemoglobin < 9 g/dL  
Neutrophils: < 1.0 x 109/L  
Platelets: < 100 x 109/L 

4. Hypertriglyceridemia and/or hypofibrinogenemia  
    Fasting triglycerides ≥ 265 mg/dL, fibrinogen ≤ 1.5 g/L 
5. Hemophagocytosis in the lymph nodes, bone marrow, spleen, liver, or other tissues 
6. Natural killer (NK) cell activity is either low or absent. 
7. Ferritin concentration in serum  ≥  500 µg/L 
8. Soluble CD25 (soluble IL-2 receptor) ≥ 2400 U/mL. 

 

 
 

Fig. 5. Treatment algorithm for patients with HLH 
Adapted from # https://www.sciencedirect.com/science/article/pii/S0006497120425005 
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Background
Haemophagocytic lymphohistiocytosis (HLH) is a rare
life threatening group of syndromes characterised by
hyper-activation of the immune system, which can lead
to progressive organ damage and death [1]. According to
the etiology, HLH divides into primary (genetic) and sec-
ondary (acquired). The latter is usually triggered by
more than one external causative factors (e.g. infections
and exposure to drugs with immunomodulatory effects)
and underlying autoimmune diseases as well as neo-
plasms can increase the risk of HLH [2].
Nowadays, cancer immunotherapy with immune check-

point inhibitors (ICIs) is progressively becoming a corner-
stone in the treatment of a number of cancer types.
However, by removing the normal inhibitory control that
negatively regulates T-cell function, ICIs may result in
T-cells hyper-activation and immune-related adverse
events (irAEs) [3]. Therefore, ICI toxicity appears to par-
tially overlap the dysregulated immune activation charac-
terising HLH. In literature, information on HLH during
treatment with ICIs is limited to a handful of case reports
showing a broad range of symptoms, different therapeutic
interventions and different outcomes [4–12]. We used
VigiBase, the World Health Organization (WHO) global
database of individual case safety reports [13] to describe
the largest-to-date cohort of ICI-related HLH cases re-
ported in clinical practice. Increasing knowledge on
ICI-mediated HLH clinical presentation, timing, and out-
come might facilitate the recognition of this multifaceted
haematological toxicity, which could be erroneously at-
tributed uniquely to the underlying cancer or other sys-
temic inflammatory processes.

Methods
VigiBase (http://www.vigiaccess.org/) is the largest phar-
macovigilance database in the world that gathers spon-
taneously reported individual case safety reports of
suspected adverse drug reactions (ADRs). The safety re-
ports originate from over 130 member countries partici-
pating to the WHO Programme for International Drug
Monitoring. Different types of reporters (e.g. physicians,
pharmacists, other health care professionals, and pa-
tients) can contribute to generate safety reports, whereas
a small proportion of reports derives from clinical stud-
ies. The scope of VigiBase is to identify novel ADRs and
to gain knowledge on specific features of ADRs (e.g.
spectrum, time to onset, and outcome) [13]. In VigiBase,
reports are recorded in a structured form and include
general administrative information (country of origin,
reporting date, case seriousness), patient characteristics
(age, sex), drugs (indication, start and end dates), and re-
actions (reported and coded term, onset date, outcome)
details. The Medical Dictionary for Regulatory Activities
(MedDRA - version 21.0 at the time of the study) allows

for reactions’ coding into hierarchal groups. For this
retrospective observational cross-sectional study, we se-
lected cases reporting the MedDRA preferred term “his-
tiocytosis haematophagic”, which comprised histiocytosis
haemophagocytic, haemophagocytic lymphohistiocytosis,
haemophagocytic syndrome, and macrophage activation
syndrome. For clarity, throughout the manuscript, we
used the term HLH to refer to this group of syndromes.
We queried VigiBase on September 30th, 2018, for HLH
reports associated with ipilimumab, nivolumab, pembro-
lizumab, atezolizumab, avelumab, and durvalumab, gath-
ered in the database starting from the approval date of
each substance by the United States Food and Drug Ad-
ministration. We assessed co-suspected drugs, concur-
rent irAEs, HLH clinical, haematological and
coagulation features, concomitant infections, HLH me-
dian time to onset and outcome.
To get further insights into patient comorbidities, we

searched in PubMed for case reports of ICI-related HLH
(applying the same inclusion criteria as in the VigiBase
query), and subsequently selected those matching with
the safety reports we retrieved from VigiBase. We used
frequency and percentage to summarize categorical vari-
ables, and median and interquartile range (IQR) for con-
tinuous variables. Analyses were carried out by
Microsoft Excel (2010, Microsoft Corporation, Washing-
ton, USA).

Results
Among 49′883 ICI-related ADRs collated in VigiBase as
of September 30th, 2018, HLH was reported in 38 cases.
The highest reporting rate of ICI-related HLH occurred
in France (0.4%), whereas the lowest in the United States
of America (0.03%, Table 1). Table 2 resumes the base-
line characteristics of the identified reports. 29 (76%) in-
volved males and median patient age was 63 years (IQR
45–72 years). Melanoma was the most common cancer
type (21, 55%), followed by lung cancer (5, 13% -
non-small cell lung cancer, n = 4, adenocarcinoma of
lung, n = 1). ICIs were the solely suspected drugs in 34

Table 1 Geographical pattern of immune checkpoint inhibitor-
related haemophagocytic lymphohistiocytosis reporting rate
Country of
primary source

Total number of
ICI-related
safety reports

Number of ICI-related
HLH safety reports

ICI-related HLH
reporting
rate (%)

France 3526 14 0.4

Japan 6421 11 0.2

Germany 1901 3 0.2

Switzerland 830 1 0.1

Canada 1279 1 0.08

US of America 24'998 8 0.03

Abbreviations: ICI immune checkpoint inhibitor, HLH
haemophagocytic lymphohistiocytosis

Noseda et al. Journal for ImmunoTherapy of Cancer           (2019) 7:117 Page 2 of 6

(90%) cases, whereas 4 (10%) patients reported as
additional suspected drugs other antineoplastic agents
(n = 2) and antibacterial agents (n = 2). Out of 38 cases
of ICI-associated HLH, 22 (58%) received an
anti-Programmed-Death-1/Programmed-Death-Ligand1
agent (PD-1/PD-L1). Regarding treatment duration, 4
(11%) patients received a single administration, 19 (50%)
had a prolonged treatment (median duration 9.9 weeks,
IQR 5.9–25.9 weeks), and in 15 (39%) patients treatment
duration could not be defined. ICI-mediated HLH devel-
oped a median of 6.7 weeks after initiation of ICI treat-
ment (IQR 2.9–15.4 weeks, n = 18, 47%), and HLH
reporting in association with ICIs increased over time
(18 cases, 47%, in 2018, at the time of writing).
All cases of ICI-related HLH were evaluated by re-

porters as serious for causing or prolonging
hospitalization (16, 42%), for determining life threaten-
ing conditions (7, 18%), or because related to death (10,
26%). Five (13%) cases did not specify the seriousness
criteria. Among the ten fatal cases, 4 (40%) mentioned
HLH as the unique cause of death. In three (30%) pa-
tients, HLH contributed to death along with malignant
neoplasm progression, multi-organ failure, and brain
haemorrhage at the cerebral metastasis site, respectively.
In the remaining 3 (30%) cases reporting death, HLH
probably did not contribute to death which occurred ei-
ther for sepsis (n = 1) or malignant neoplasm progres-
sion (n = 2). Besides fatal cases, HLH was not resolved
at the time of reporting in 5 (16%) patients whereas re-
covered in 19 (61%) patients (out of 31 cases defining
HLH outcome).
As shown in Table 3, concurrent irAEs occurred in 5

(13%) patients and HLH clinical, haematological and co-
agulation features were mentioned in 15 (%) cases. Con-
comitant viral infections were reported in 6 (16%) cases
(Herpes zoster, n = 1; Epstein-Barr virus, n = 5).
When we searched the literature for case reports of

ICI-associated HLH, we identified six cases matching
with individual case safety reports retrieved from
VigiBase. However, none of these case reports allowed
gaining information on patients’ comorbidities.

Discussion
We reported the largest-to-date analysis of ICI-associated
HLH cases collated in the WHO global database of sus-
pected ADRs. By blocking the signalling pathway that
negatively regulates T cell activation, ICIs enhance the im-
mune response against cancer cells and, aberrantly,
against self-antigens triggering immune-related adverse
events [3]. Hyper-activation of lymphocytes, natural killer
(NK) cells and histiocytes are distinguishing features of
HLH [1]. To date, a causative role for activated T cells in
HLH development has been hypothesized in cancer

Table 2 Baseline characteristics of the individual case safety
reports concerning immune checkpoint inhibitor-related
haemophagocytic lymphohistiocytosis
Characteristic Patients No. (%)

(n = 38)

Age

Reported 33 (87)

Median [IQR], years 63 [45–72]

Not reported 5 (13)

Sex

Male 29 (76)

Female 9 (24)

Cancer type

Melanoma 21 (55)

Lung cancer 5 (13)

Bladder cancer 3 (8)

Renal cell carcinoma 2 (5)

Hodgkin disease 1 (3)

Transitional cell carcinoma 1 (3)

Adenocarcinoma gastric 1 (3)

Thymoma 1 (3)

T cell lymphoblastic leukemia acute 1 (3)

Not reported 2 (5)

Co-suspected drugs

Reported 4 (10)

Antineoplastic agents 2 (5)

Antibacterial agents 2 (5)

Not reported 34 (90)

Drugs
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Anti-PD-1 monotherapy
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pembrolizumab 7 (18)

Anti-PD-L1 monotherapy

Atezolizumab 1 (3)

ipilimumab and nivolumab combination therapy 5 (13)

nivolumab and ipilimumab sequential therapy 3 (8)

pembrolizumab and ipilimumab sequential therapy 1 (3)

Reporting

2014 1 (3)

2015 3 (8)

2016 6 (16)

2017 10 (26)

2018 18 (47)

Abbreviations: IQR interquartile range, CTLA-4 Cytotoxic T-Lymphocyte Antigen
4, PD-1 Programmed cell Death protein 1, PD-L1 Programmed cell
Death-Ligand 1
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providing limited insights, to try to overcome this limita-
tion, we also reviewed published single case reports [4–
12] that matched with the safety reports retrieved from
VigiBase. Unfortunately, the information retrieved from
these case reports was insufficient to identify predispos-
ing conditions shared among patients developing HLH
on ICI treatment.
HLH as adverse effect of drugs has been rarely re-

ported in literature and mainly described in associ-
ation with the systemic inflammatory response
induced by drug reaction with eosinophilia and sys-
temic symptoms (DRESS) syndrome [15], or as a
consequence of an infection secondary to immuno-
suppressant agents [2]. More recently, antiepileptic
drugs were associated with HLH onset, because of
their immune-modulating action [16, 17]. Note-
worthy, anticonvulsant drug-related HLH developed
2–3 weeks after treatment initiation, a time to onset
relatively shorter if compared with the delayed time
to onset that we observed with ICIs.
Confirming that HLH is a life threatening condition,

reporters evaluated all ICI-related HLH cases as serious,
although HLH resolved in the majority of cases, in
agreement with the notion that this group of syndromes
generally responds to systemic corticosteroids [2].

Conclusions
In clinical practice, ICI-related HLH arises with a de-
layed timing with respect to initiation of ICI treatment,
presents clinical, haematological and coagulation fea-
tures similar to those of HLH with different etiology,
rarely is associated with other irAEs and concomitant
viral infections, and resolved in the majority of cases.
Keeping in mind these findings, clinicians should con-
sider ICIs’ involvement in the onset of HLH whenever
they diagnose a disease of this group of syndromes in
cancer patients treated with ICIs.
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cation. In grade III-V hematological AEs, CTLA-4 inhibitor 
and PD-1 inhibitor did not increase the risk; however, PD-L1 
inhibitor significantly increased the risk of thrombocytopenia 
(OR 1.53; 95% CI 1.11 - 2.11, I2 = 0%) (Supplementary Mate-
rial 7, www.thejh.org). Nevertheless, no significant difference 
was observed in each group in this analysis (I2 = 38.2%, P = 
0.20). Grades III-V thrombocytopenia induced by PD-L1 in-
hibitor was more frequent when ICIs were combined with cy-
totoxic agents than in combination with non-cytotoxic agents 
(Supplementary Material 7, www.thejh.org).

Subgroup analysis of the risk of hematological toxicities 
based on cancer type

The incidence of hematological AEs did not significantly dif-
fer according to the type of cancer. Subgroup analysis revealed 
that some combinations of ICIs and cancer type increased the 
incidence of hematological AEs, with a significant increase in 
grade III to V thrombocytopenia, especially in the combina-
tion of PD-L1 and NSCLC (OR 2.85; 95% CI 1.17 - 6.96, I2 
= 0%) (Supplementary Material 8, www.thejh.org). However, 
the small number of RCTs included in individual categories 
should be interpreted with caution.

Discussion

ICIs have revolutionized cancer therapy by providing antitu-
mor effects in various types and stages of cancer that are not 
achievable with existing drugs. Consequently, many clinical 
trials are underway to expand their indications. ICI therapies 

are generally better tolerated, and their associated toxicity 
can be managed with appropriate supportive care compared 
to cytotoxic chemotherapy. Agents that inhibit coinhibitory 
immune checkpoint molecules, such as PD-1, activate the im-
mune response to control malignancy. However, ICIs may also 
induce an immune response against self-tissues, leading to 
various AEs. Clinically, this manifests as autoimmune disease-
like side effects including skin, gastrointestinal, liver, lung, 
and endocrine toxicity. These AEs, called irAEs, are primarily 
associated with dysregulated T-cell functions. Our study ana-
lyzed only anemia, neutropenia, and thrombocytopenia due 
to ICIs. However, other life-threatening hematological irAEs 
such as aplastic anemia, hemophagocytic lymphohistiocytosis 
and acquired hemophilia A after ICIs have also been reported 
[43, 44], but these AEs were not analyzed. We performed a 
systematic review and meta-analysis of ICI trials in patients 
with cancer and evaluated the incidence of hematotoxicity in 
different ICIs, combination of each ICI and other systemic 
chemotherapy, and tumor types. Hematological abnormali-
ties are frequently seen in cancer patients. The strength of this 
study was only phase III RCTs that compared the add-on effect 
of ICIs on the control arm were extracted, resulting in more 
accurate risk for ICI-related cytopenias.

The mechanisms underlying the risk of immunotherapy-
related cytopenia are currently unclear, but multiple mecha-
nisms may be involved. Patients with urothelial cancer or 
NSCLC may have previously received platinum-based chemo-
therapy, which may explain the high incidence of cytopenia. 
Kasamatsu et al reported that patients with chronic ITP had a 
significantly higher frequency of the PDCD1 +7209 TT gen-
otype, a single nucleotide polymorphism in PD -1, which is 
possibly related to our results [44]. Drug-related autoimmune 

Figure 2. Mechanism of action of immune checkpoint inhibitors and hematological complications of immune checkpoint inhibi-
tors. CTLA-4: cytotoxic T lymphocyte antigen-4; MHC: major histocompatibility complex; PD-1: programmed cell death-1 recep-
tor; PD-L1: PD-1 ligand 1; TCR: T-cell receptor.
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3) In familial HLH and in severe, persistent, or relapsing sHLH 
and MAS-HLH, prompt etoposide treatment adjusted for 
renal function and age is recommended, particularly in the 
cases with CNS involvement and/or other organ failure.

4) In patients with insufficiently responding MAS-HLH, the addi-
tion of IL-1 inhibition and/or cautiously dosed cyclosporine  
A is recommended (strong consensus; level IV intervention).

Treatment of sHLH in critically ill patients depends 
on many factors, including disease severity and the 

underlying HLH triggering factor(s). Prompt initiation 
of treatment directed at the underlying trigger is essen-
tial, with immediate additional immunosuppressive or 
immunomodulatory HLH-directed therapy (19, 59).  
The following section focuses on sHLH and MAS-
HLH. For treatment of familial HLH, see previous 
reports describing the HLH-94 and HLH-2004 treat-
ment protocols (17, 44, 58). Treatment of inflammation 
specifically related to SARS-CoV2 is not discussed.

TABLE 4. 
Organ Dysfunction in Secondary Hemophagocytic Lymphohistiocytosis/Macrophage 
Activation Syndrome-Hemophagocytic Lymphohistiocytosis Stratified by Severity  
and Response Criteria in ICUs According to Expert Consensus (19, 60, 61)

Proposed Severity of Secondary HLH in ICU-Admitted Patients

Therapy

See Statement 9 Text  
and Supplementary Material  

(http://links.lww.com/CCM/G882)  
for Recommendations

Mild No evidence of organ dysfunction except coagulation/
hematologic system

Treat underlying trigger; consider glucocorticoid 
therapy in case of rapid deterioration

Moderate Evidence of moderate organ dysfunction (SOFA or pSOFA 
score 2 or less per organ system excluding coagulation/
hematologic system)

Treat underlying trigger; strongly consider 
glucocorticoid therapy

Possible need for supplemental oxygen

Severe Evidence of severe organ dysfunction (SOFA or pSOFA 
Score 3 or more of at least one organ system excluding 
coagulation/hematologic system) and/or any need 
for organ replacement therapy due to organ failure, 
including positive-pressure ventilation, renal replacement 
therapy, vasopressors, and extracorporeal life support

Treat underlying trigger; glucocorticoid therapy; 
add etoposide or additional immunomodulatory 
therapy based on underlying disease

Proposed Response to Therapy

Therapy

See Statement 9 Text  
and Supplementary Material  

(http://links.lww.com/CCM/G882)  
for Recommendations

Response Improvement in ferritin, normalization of temperature, 
and clinical stabilization (i.e., no worsening organ 
dysfunction) within 48–72 hr after start of therapy

Continue full treatment of trigger; reassess 
disease daily, and wean therapy as tolerated

Nonresponse Lack of improvement in ferritin, persistent fever, and/or lack 
of clinical improvement > 48–72 hr after start of therapy

Reevaluate triggers to ensure they are treated; 
consider adding additional HLH-directed 
therapy

Progression Increasing ferritin and/or persistent fever > 48–72 hr 
after start of therapy. Increasing need for support of 
organ dysfunction (i.e., positive-pressure ventilation, 
renal replacement therapy, increasing blood product 
replacement, and/or need for vasopressors and 
extracorporeal life support) at any point

Aggressively reevaluate triggers to ensure they 
are treated; highly consider the addition of 
other or additional HLH-directed therapies

HLH = hemophagocytic lymphohistiocytosis, pSOFA = pediatric sequential organ failure assessment, SOFA = sequential organ failure 
assessment.
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OBJECTIVE: Hemophagocytic lymphohistiocytosis is a hyperinflammatory syn-
drome that often requires critical care support and remains difficult to diagnose. 
These guidelines are meant to aid in the early recognition, diagnosis, supportive 
care, and treatment of patients with hemophagocytic lymphohistiocytosis in ICUs.

DATA SOURCES: The literature searches were performed with PubMed 
(MEDLINE).

STUDY SELECTION: Keywords and medical subject headings terms for liter-
ature search included “macrophage activation syndrome,” hemophagocytic lym-
phohistiocytosis,” and “hemophagocytic syndrome.”

DATA EXTRACTION: The Histiocyte Society developed these consensus rec-
ommendations on the basis of published reports and expert opinions with level of 
evidence provided for each recommendation. They were endorsed by the Society 
of Critical Care Medicine.

DATA SYNTHESIS: Testing for hemophagocytic lymphohistiocytosis should be 
initiated promptly in all patients admitted to ICUs with an unexplained or dispro-
portionate inflammatory response, especially those with rapid clinical deterioration. 
Meeting five or more of eight hemophagocytic lymphohistiocytosis 2004 diagnostic 
criteria serves as a valuable diagnostic tool for hemophagocytic lymphohistiocy-
tosis. Early aggressive critical care interventions are often required to manage the 
multisystem organ failure associated with hemophagocytic lymphohistiocytosis. 
Thorough investigation of the underlying triggers of hemophagocytic lymphohis-
tiocytosis, including infections, malignancies, and autoimmune/autoinflammatory 
diseases, is essential. Early steroid treatment is indicated for patients with familial 
hemophagocytic lymphohistiocytosis and is often valuable in patients with acquired 
hemophagocytic lymphohistiocytosis (i.e., secondary hemophagocytic lymphohis-
tiocytosis) without previous therapy, including macrophage activation syndrome 
(hemophagocytic lymphohistiocytosis secondary to autoimmune/autoinflammatory 
disease) without persistent or relapsing disease. Steroid treatment should not be 
delayed, particularly if organ dysfunction is present. In patients with macrophage 
activation syndrome, whose disease does not sufficiently respond, interleukin-1 in-
hibition and/or cyclosporine A is recommended. In familial hemophagocytic lympho-
histiocytosis and severe, persistent, or relapsing secondary macrophage activation 
syndrome, the addition of prompt individualized, age-adjusted etoposide treatment 
is recommended.

CONCLUSIONS: Further studies are needed to determine optimal treatment for 
patients with hemophagocytic lymphohistiocytosis in ICUs, including the use of 
novel and adjunct therapies.

KEY WORDS: extracorporeal life support; hemophagocytic lymphohistiocytosis; 
hyperferritinemia; macrophage activation syndrome; multiple organ failure
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Selecting the optimal treatment for sHLH/MAS-
HLH requires careful consideration of the under-
lying pathobiology and triggers, which may not be 
immediately evident in the ICU setting. Table 4 out-
lines the proposed severity of disease and response 
according to expert consensus. In mild sHLH cases, 
HLH-specific treatment is not mandatory, and the 

etiologic search can be prioritized. However, early 
treatments, such as steroids, are often valuable to 
stabilize the disease while further diagnostic work-
ups are being performed and should not be delayed 
in the cases of moderate sHLH; however, corticoste-
roids may make the diagnosis of hematologic can-
cers and autoimmune diseases more difficult. In 

TABLE 5. 
Recommended Therapies for Hemophagocytic Lymphohistiocytosis
HLH Type Severity Therapy

Primary and familial 
HLH

All Per Ehl et al (58) based on HLH-94 therapy (17, 68)

Secondary HLH Mild Consider addition of corticosteroid therapy (58)

Moderate Dexamethasone 10 mg/m2 daily divided every 12 hr (17, 58, 68) 
or equivalent methylprednisolone dosing (2 mg/kg/d) (58); 
consider addition of anakinra 2–10 mg/kg/d, divided in two to 
four daily doses (subcutaneous or IV) (22, 56, 62, 64, 65)

Severe, progressive, or refractory Addition of etoposide with dose reduction as follows  
(35, 66, 67)

 100 mg/m2 once weekly in older teens

 75 mg/m2 once weekly in adults

 50 mg/m2 once weekly in the elderly

 Renal dose reduction is recommended, per Ehl et al (58); 
dose reduction for hypoalbuminemia, hyperbilirubinemia 
alone, other evidence of liver dysfunction, and/or cytopenias 
is not recommended (58)

Macrophage activation 
syndrome-HLH

Mild Steroids (such as methylprednisolone 30 mg/kg/d with max 
1 g/d, for 3–5 d) with or without IVIG (69)

Moderate Consider addition of anakinra (dosing as above) and/or 
cautiously dosed cyclosporine (2 mg/kg/d in two divided 
doses aiming for serum levels of 100–150 ng/mL) and/or 
consideration of tocilizumab (35, 62, 70)

Severe, progressive, or refractory Consider addition of etoposide or cyclophosphamide (63, 69)

Malignancy-associated 
HLH

HLH-triggered organ damage 
(e.g., cytopenias, cholestatic 
icterus, pulmonary infiltrates, 
encephalopathy, or renal failure)

Two-step approach (11, 67)

 Etoposide (75–100 mg/m2), corticosteroids, and IVIG

 Once stabilized, start cancer-directed therapy

Additional  
Therapies Agent Indication

Adjunctive therapies IVIG (18, 35, 56) General anti-inflammatory and antiviral effects

Plasmapheresis (71) Anti-inflammatory effects; use with caution if giving  
a monoclonal antibody

Cytokine adsorption columns (72) Anti-inflammatory effects

Salvage therapies 
and agents under 
investigation

Alemtuzumab (73) These agents have some evidence for specific use in HLH. 
Please see Supplementary Material (http://links.lww.com/
CCM/G882) for list of current clinical trials

Tocilizumab (74)

Emapalumab (75)

Ruxolitinib (76–79)

HLH = hemophagocytic lymphohistiocytosis, IVIG = IV immunoglobulin.
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Selecting the optimal treatment for sHLH/MAS-
HLH requires careful consideration of the under-
lying pathobiology and triggers, which may not be 
immediately evident in the ICU setting. Table 4 out-
lines the proposed severity of disease and response 
according to expert consensus. In mild sHLH cases, 
HLH-specific treatment is not mandatory, and the 

etiologic search can be prioritized. However, early 
treatments, such as steroids, are often valuable to 
stabilize the disease while further diagnostic work-
ups are being performed and should not be delayed 
in the cases of moderate sHLH; however, corticoste-
roids may make the diagnosis of hematologic can-
cers and autoimmune diseases more difficult. In 

TABLE 5. 
Recommended Therapies for Hemophagocytic Lymphohistiocytosis
HLH Type Severity Therapy

Primary and familial 
HLH

All Per Ehl et al (58) based on HLH-94 therapy (17, 68)

Secondary HLH Mild Consider addition of corticosteroid therapy (58)

Moderate Dexamethasone 10 mg/m2 daily divided every 12 hr (17, 58, 68) 
or equivalent methylprednisolone dosing (2 mg/kg/d) (58); 
consider addition of anakinra 2–10 mg/kg/d, divided in two to 
four daily doses (subcutaneous or IV) (22, 56, 62, 64, 65)

Severe, progressive, or refractory Addition of etoposide with dose reduction as follows  
(35, 66, 67)

 100 mg/m2 once weekly in older teens

 75 mg/m2 once weekly in adults

 50 mg/m2 once weekly in the elderly

 Renal dose reduction is recommended, per Ehl et al (58); 
dose reduction for hypoalbuminemia, hyperbilirubinemia 
alone, other evidence of liver dysfunction, and/or cytopenias 
is not recommended (58)

Macrophage activation 
syndrome-HLH

Mild Steroids (such as methylprednisolone 30 mg/kg/d with max 
1 g/d, for 3–5 d) with or without IVIG (69)

Moderate Consider addition of anakinra (dosing as above) and/or 
cautiously dosed cyclosporine (2 mg/kg/d in two divided 
doses aiming for serum levels of 100–150 ng/mL) and/or 
consideration of tocilizumab (35, 62, 70)

Severe, progressive, or refractory Consider addition of etoposide or cyclophosphamide (63, 69)

Malignancy-associated 
HLH

HLH-triggered organ damage 
(e.g., cytopenias, cholestatic 
icterus, pulmonary infiltrates, 
encephalopathy, or renal failure)

Two-step approach (11, 67)

 Etoposide (75–100 mg/m2), corticosteroids, and IVIG

 Once stabilized, start cancer-directed therapy

Additional  
Therapies Agent Indication

Adjunctive therapies IVIG (18, 35, 56) General anti-inflammatory and antiviral effects

Plasmapheresis (71) Anti-inflammatory effects; use with caution if giving  
a monoclonal antibody

Cytokine adsorption columns (72) Anti-inflammatory effects

Salvage therapies 
and agents under 
investigation

Alemtuzumab (73) These agents have some evidence for specific use in HLH. 
Please see Supplementary Material (http://links.lww.com/
CCM/G882) for list of current clinical trials

Tocilizumab (74)

Emapalumab (75)

Ruxolitinib (76–79)

HLH = hemophagocytic lymphohistiocytosis, IVIG = IV immunoglobulin.
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1 g/d, for 3–5 d) with or without IVIG (69)

Moderate Consider addition of anakinra (dosing as above) and/or 
cautiously dosed cyclosporine (2 mg/kg/d in two divided 
doses aiming for serum levels of 100–150 ng/mL) and/or 
consideration of tocilizumab (35, 62, 70)

Severe, progressive, or refractory Consider addition of etoposide or cyclophosphamide (63, 69)

Malignancy-associated 
HLH

HLH-triggered organ damage 
(e.g., cytopenias, cholestatic 
icterus, pulmonary infiltrates, 
encephalopathy, or renal failure)

Two-step approach (11, 67)

 Etoposide (75–100 mg/m2), corticosteroids, and IVIG

 Once stabilized, start cancer-directed therapy

Additional  
Therapies Agent Indication

Adjunctive therapies IVIG (18, 35, 56) General anti-inflammatory and antiviral effects

Plasmapheresis (71) Anti-inflammatory effects; use with caution if giving  
a monoclonal antibody

Cytokine adsorption columns (72) Anti-inflammatory effects

Salvage therapies 
and agents under 
investigation

Alemtuzumab (73) These agents have some evidence for specific use in HLH. 
Please see Supplementary Material (http://links.lww.com/
CCM/G882) for list of current clinical trials

Tocilizumab (74)

Emapalumab (75)

Ruxolitinib (76–79)
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as possible, with consideration of early steroid initiation to abrogate HLH-induced hypercy-
tokinemia, followed by cancer-directed therapy (typically, cytotoxic chemotherapy) [25,26].
Some practitioners recommend against etoposide in this setting due to concerns for addi-
tive toxicities (particularly myelosuppression) and instead use steroids and well-tolerated
adjunctive treatments only; some incorporate etoposide in chemotherapy regimens where
possible (e.g., R-EPOCH for aggressive B cell lymphomas [58], SMILE for NK/T cell lym-
phomas [59]); others pursue a two-step approach with an HLH-94-based regimen, followed
by chemotherapy at the time of organ recovery, which could be several weeks later. These
decisions are made on a case-by-case basis, weighing whether the patient requires immedi-
ate inflammation-directed therapy or is sufficiently stable to receive chemotherapy directly.
Importantly, adjunctive therapies during induction should also be considered, such as rit-
uximab for concomitant active EBV infection [60] or intravenous immunoglobulin to treat
hypogammaglobulinemia. Antimicrobial prophylaxis (for VZV/HSV, fungal, Pneumocystis)
should be strongly considered.

If additional anti-cytokine treatment is required, but etoposide is not preferred, anti-
IL1 and -IL6 agents have been utilized. The recombinant IL1 receptor antagonist (IL1Ra),
anakinra, is approved by the US Food and Drug Administration (FDA) in autoimmune
conditions such as rheumatoid arthritis and cryopyrin-associated periodic syndromes
and by the European Medicines Agency (EMA) for systemic juvenile arthritis and adult-
onset Still’s disease. Given the experience in rheumatologic disorders, anakinra has been
used effectively in MAS [61,62], though its efficacy in MAS is markedly higher than in
mHLH [63–65]. Naymagon, for instance, noted in a retrospective study of outcomes asso-
ciated with anakinra treatment that those with rheumatologic condition-associated MAS
experienced 75% OS, versus only 17% survival in patients with other underlying causes
of sHLH [63]. Publications describing the use of anakinra for mHLH have been varied,
ranging from frontline monotherapy use in Hodgkin lymphoma to relapsed/refractory
HLH in myelodysplastic syndrome (MDS) and T cell lymphoma (TCL) [66–68]. The use of
anti-IL6 therapy for adult HLH (with tocilizumab; no published data using siltuximab) has
been extrapolated from its use in cytokine release syndrome (CRS) and COVID-19. Only
a few publications have reported the efficacy of tocilizumab treatment in mHLH, with a
recent retrospective review suggesting that the use of tocilizumab could increase infectious
complications compared to conventional therapy [69,70].

4.3. Role of Allogeneic Transplantation
In adults with sHLH, idiopathic HLH, or mHLH responding to effective cancer therapy,

patients who can be weaned off dexamethasone and etoposide without recurrence, have
recovered normal immune function, and have reversed or controlled their underlying
HLH trigger, can typically be monitored with serial assessments for markers of HLH
activity, including ferritin, sIL2R, and chemistries [31]. Patients who do not meet these
criteria, who developed CNS HLH, or who have predisposing gene mutations should
undergo human leukocyte antigen (HLA) typing for consideration of allogeneic HCT.
This includes those with mHLH with independent indications for allogeneic HCT based
on the underlying malignancy, as well as those with mHLH not resolving with cancer
therapy. If HLH continues to be active, dexamethasone/etoposide and/or adjunctive
therapies may be continued as bridging therapy to the time of transplant. Myeloablative
(MAC) and reduced-intensity conditioning (RIC) regimens have been directly compared
in pediatric HLH; 14 patients at Cincinnati Children’s achieved a 3-year survival of 43%
with MAC, and 26 patients achieved a 92% survival with RIC [71]. More recent studies
in adult HLH have shown modest successes, achieving an overall survival of ~50% using
the RIC regimen fludarabine and melphalan 100 mg/m2 [72] and 75% using alemtuzumab
“pre-conditioning” prior to RIC [73]. Based on the limited available data, we favor the use
of RIC approaches in adult patients with sHLH/mHLH proceeding to allogeneic HCT,
and we include alemtuzumab if HLH is active proximal to the initiation of transplant
conditioning following the approach of Gooptu et al. [73].

The results showed that the patients with the value
≥0.412 had a markedly good prognosis while patients
with value < 0.412 had a poor prognosis. Except for this,
a significant difference was obtained between the two
groups (P <0.001) (Fig. 1d).

Discussion
In this study, we have developed a novel clinical predic-
tion model to quantitatively identify the adult HLH

patients at high risk of death within 6 months of diagno-
sis from a large retrospective cohort. We also validated
that high ferritin and ALT act as adverse prognostic ele-
ments while high platelets play a positive role for sur-
vival in adult HLH.
Serum ferritin is engaged in acute phase response and

can be found in all kinds of life [22–24]. Ferritin may
exert pro-inflammatory effects by promoting the tran-
scription of inflammatory mediators [25]. Zaher K et al.

Fig. 1 Survival curves of HLH patients with high risk vs. low risk of early death. a Post-treatment serum ferritin level > 1056.1 μg/L was associated
with significantly worse OS than those with ≤1056.1 μg/L. b Post-treatment serum platelets < 100 × 109/L showed significantly worse OS than
those with post-treatment serum platelets ≥100 × 109/L. c Post-treatment serum ALT > 40 U/L showed significantly worse OS than those with
post-treatment serum ALT ≤40 U/L. d The value of model < 0.412 showed significantly worse OS than those with The value of model ≥0.412
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3) In familial HLH and in severe, persistent, or relapsing sHLH 
and MAS-HLH, prompt etoposide treatment adjusted for 
renal function and age is recommended, particularly in the 
cases with CNS involvement and/or other organ failure.

4) In patients with insufficiently responding MAS-HLH, the addi-
tion of IL-1 inhibition and/or cautiously dosed cyclosporine  
A is recommended (strong consensus; level IV intervention).

Treatment of sHLH in critically ill patients depends 
on many factors, including disease severity and the 

underlying HLH triggering factor(s). Prompt initiation 
of treatment directed at the underlying trigger is essen-
tial, with immediate additional immunosuppressive or 
immunomodulatory HLH-directed therapy (19, 59).  
The following section focuses on sHLH and MAS-
HLH. For treatment of familial HLH, see previous 
reports describing the HLH-94 and HLH-2004 treat-
ment protocols (17, 44, 58). Treatment of inflammation 
specifically related to SARS-CoV2 is not discussed.

TABLE 4. 
Organ Dysfunction in Secondary Hemophagocytic Lymphohistiocytosis/Macrophage 
Activation Syndrome-Hemophagocytic Lymphohistiocytosis Stratified by Severity  
and Response Criteria in ICUs According to Expert Consensus (19, 60, 61)

Proposed Severity of Secondary HLH in ICU-Admitted Patients

Therapy

See Statement 9 Text  
and Supplementary Material  

(http://links.lww.com/CCM/G882)  
for Recommendations

Mild No evidence of organ dysfunction except coagulation/
hematologic system

Treat underlying trigger; consider glucocorticoid 
therapy in case of rapid deterioration

Moderate Evidence of moderate organ dysfunction (SOFA or pSOFA 
score 2 or less per organ system excluding coagulation/
hematologic system)

Treat underlying trigger; strongly consider 
glucocorticoid therapy

Possible need for supplemental oxygen

Severe Evidence of severe organ dysfunction (SOFA or pSOFA 
Score 3 or more of at least one organ system excluding 
coagulation/hematologic system) and/or any need 
for organ replacement therapy due to organ failure, 
including positive-pressure ventilation, renal replacement 
therapy, vasopressors, and extracorporeal life support

Treat underlying trigger; glucocorticoid therapy; 
add etoposide or additional immunomodulatory 
therapy based on underlying disease

Proposed Response to Therapy

Therapy

See Statement 9 Text  
and Supplementary Material  

(http://links.lww.com/CCM/G882)  
for Recommendations

Response Improvement in ferritin, normalization of temperature, 
and clinical stabilization (i.e., no worsening organ 
dysfunction) within 48–72 hr after start of therapy

Continue full treatment of trigger; reassess 
disease daily, and wean therapy as tolerated

Nonresponse Lack of improvement in ferritin, persistent fever, and/or lack 
of clinical improvement > 48–72 hr after start of therapy

Reevaluate triggers to ensure they are treated; 
consider adding additional HLH-directed 
therapy

Progression Increasing ferritin and/or persistent fever > 48–72 hr 
after start of therapy. Increasing need for support of 
organ dysfunction (i.e., positive-pressure ventilation, 
renal replacement therapy, increasing blood product 
replacement, and/or need for vasopressors and 
extracorporeal life support) at any point

Aggressively reevaluate triggers to ensure they 
are treated; highly consider the addition of 
other or additional HLH-directed therapies

HLH = hemophagocytic lymphohistiocytosis, pSOFA = pediatric sequential organ failure assessment, SOFA = sequential organ failure 
assessment.
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receptor complex. In this receptor complex, IFNGR1 
activates the JAK1 kinase, while IFNGR2 activates the 
JAK2 kinase [91]. Activation of JAK1 and JAK2 can lead 
to receptor phosphorylation, recruiting and phospho-
rylating STAT1 [91, 92]. Phosphorylated STAT1 forms 
dimers and trans-locates to the nucleus, where it can bind 
to the Gamma-activated sequence (GAS) in the promoter 
region of target genes, thereby regulating the transcrip-
tion of downstream genes [93]. Many genes regulated 
by the IFN-γ/STAT1 signaling pathway are transcrip-
tion factors, thus the IFN-γ/STAT1 signaling pathway 
indirectly regulates the expression of more downstream 
genes [94]. Meanwhile, the IFN-γ/STAT1 signaling path-
way can activate MAPK, PI3K-AKT, and NF-κB signaling 
pathways, enabling IFN-γ/STAT1 to participate in the 
regulation of the expression of more genes [95].

The loss of cytotoxic function in  CD8+ T cells can 
lead to immune imbalance, promoting abnormal and 
excessive production of IFN-γ [96]. IFN-γ is a classical 
activator of macrophages and mediates polarization of 
macrophages towards the M1 phenotype [87, 96]. M1 

macrophages exhibit strong pro-inflammatory properties 
and release inflammatory mediators such as IL-1β, IL-6, 
TNF-α, etc [97, 98]. Peripheral levels of IFN-γ were ele-
vated in both primary and secondary HLH patients, with 
its levels correlating with clinical status, being elevated in 
active HLH but lower than detection levels in remission 
patients and healthy controls [99, 100]. Furthermore, one 
research has shown that IFN-γ was associated with liver 
function damage and coagulation disorders, and could 
directly act on macrophages in vivo, altering phagocytic 
activity and stimulating blood cell uptake, leading to 
severe anemia [100–102].

In one pre-clinical study, the anti-IFN-γ antibody sig-
nificantly improved bone marrow function and survival 
in perforin-deficient mice after lymphocytic choriomen-
ingitis virus (LCMV) infection [103]. In a mouse model 
of CpG DNA induced sHLH, the development of HLH 
was also found to be IFN-γ dependent [104]. However, 
the efficacy of anti-IFN-γ antibody in secondary HLH 
murine models is limited, possibly due to the distinct bio-
logical mechanisms between pHLH and sHLH [105].

Fig. 4 Schematic representation of targeted therapy for hemophagocytic lymphohistiocytosis (HLH). HLH is a syndrome characterized by excessive 
immune activation. Therapeutic strategies to mitigate inflammatory responses involve the inhibition of key cytokines and signaling pathways. EBV 
epstein-barr virus

between patients with mild and severe disease. However, the IL-6
and IFN-γ levels increase during the late stage of severe illness71.
In addition to activating T cells, SARS-CoV-2 can directly target
macrophages. SARS-CoV-2 may inhibit type I IFN signaling to
hijack the host defense via the viral ORF6, ORF8, and N proteins,
leading to compromised immune responses with decreases in
T-cell and NK cell populations in the late stage72.
In infection-associated sHLH/MAS, the dual role of cytokines in

both hypercytokinemia and pathogen clearance needs to be
considered when treating patients. For example, although IFNs play
critical roles in SARS-CoV-2-induced hyperinflammation, the admin-
istration of recombinant type I IFN in patients with SARS-CoV-2 was
reported to decrease viral replication and protein synthesis.
Furthermore, triple antiviral therapy with lopinavir–ritonavir, ribavirin,
and IFN-1β is reportedly more effective than lopinavir alone in
patients with mild or moderate disease, indicating that combating
virus overload is more beneficial in these patient populations than in
those with severe disease73. Similarly, a clinical study assessing the
potential effects of inhaled and intravenous GM-CSF is currently
underway74. The potential benefits of anti-GM-CSF administration in
patients with COVID-19 have also been reported, as GM-CSF is a key
player in macrophage regulation and generates an autocrine/
paracrine feedback loop driving cytokine storm75. Based on these
observations, infection-triggered sHLH/MAS should be monitored
carefully, considering the dual role of cytokines and chemokines at
specific stages, during which timing may be the critical factor in
determining whether pathogen clearance or inflammation control is
most beneficial.
Some patients with severe sepsis develop a syndrome with

symptoms similar to those of MAS called macrophage activation-
like syndrome (MALS), and a classification system for the early
diagnosis of MALS has been developed76. Specifically, the
diagnosis of MALS applies to patients defined by the Third
International Consensus Definitions for Sepsis and Septic Shock
(Sepsis-3)77 and those with an HScore greater than 151 who also
present with both hepatobiliary dysfunction and disseminated
intravascular coagulation. However, these patients do not have
hemophagocytosis, which is one of the criteria considered for the
diagnosis of MAS76.

Activation of macrophages by immune complexes and
autoantibodies
Macrophages use two types of immunological receptors: TLRs,
which initiate the innate immune response, and Fc receptors
(FcRs), which serve as sensors for the adaptive immune response.
The main signaling molecules of most TLRs are MyD88, TIRAP,
TRAF6, and transcription factors such as NF-κB and activator
protein 1 (AP-1)78. FcR activation leads to the phosphorylation of
immunoreceptor tyrosine-based activation motifs (ITAMs) by Src
family kinases, which, in turn, activates phospholipase C (PLC),
intracellular calcium flux, and NADPH production. The combined
activation of TLRs and FcRs controls cytokine synthesis via these
pathways, thereby shaping inflammatory immune responses78. At
the early stage, damage-associated molecular patterns (DAMPs)
bind to TLRs; however, low levels of circulating IgG molecules may
result in strong activation of MyD88-dependent TLR signaling but
weak activation of ITAM-dependent Syk signaling, leading to only
partial activation of macrophages. In contrast, macrophage
interactions with the same DAMPs opsonized with several IgG
molecules promote TLR–FcR synergy via both pathways to drive
stronger proinflammatory polarization, which is essential for
preferential upregulation of TNF-α, IL-8, and IL-1β. This phenom-
enon, in turn, leads to the recruitment of neutrophils for
phagocytosis and promotes the expression of TLRs that act with
FcRIs on basophils and mast cells to induce the production of
vasoactive mediators78,79 (Fig. 3c).
Autoimmune disorders, such as SLE, frequently cooccur with

sHLH/MAS and may be caused by the autoantibodies and immune
complexes that trigger inflammatory responses in macro-
phages80,81. Additionally, through changes occurring during drug
therapy, including drug-induced lupus, and the use of biologics,
such as anti-TNF-α and anti-IL-6 antibodies, sHLH/MAS may be
initiated through increases in the levels of autoantibodies that
induce an intense proinflammatory response in macrophages,
leading to disease flares80,81. Although TLRs and FcRs may be
simultaneously activated in autoimmune diseases and sHLH/MAS,
the effects of their joint activation have received little attention. In
inflammatory autoimmune disorders, chronic activation caused by
this crosstalk may be detrimental79. Recently, it has been shown

Table 3. Biological therapies for sHLH/MAS in clinical trials.

Target Drug Type of Drug Preclinical Phase I Phase II Phase III Identifier Ref.

JAK 1/2 Ruxolitinib JAK 1/2 inhibitors
Not yet recruiting

NCT05137496 NA

Methylprednisolone

IL-1 Anakinra IL-1R antagonists
Not yet recruiting 

NCT02780583 116

Methylprednisolone

IL-2 rhIL-2 Recombinant
hIL-2 protein Recruiting 

NCT02569463 NA

IFN-γ Emapalumab Anti-IFNγ mAb
Completed 

NCT03311854 NA

IL-1 Anakinra IL-1R antagonist
Completed 

NCT04339712 NA

IL-6 Tocilizumab Anti-IL-6 mAb

IL-18 Tadekinig alfa IL-18BP
Recruiting 

NCT03512314 NA

IL-2R Rituximab Anti-CD20 mAb
Recruiting 

NCT05384743 NA

IL-1 Anakinra IL-1R antagonist
Completed 

NCT03332225 117

IFNγ-1β Imukin Recombinant
hIFNγ-1b protein
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NCT04120090 [low-dose vs high-dose ruxolitinib in adult and 
pediatric patients with relapsed/refractory HLH]); anakinra (IL- 
1 blockade; NCT02780583 [patients with MAS in the context 
of systemic juvenile idiopathic arthritis]); alemtuzumab 
(NCT02472054 [familial HLH only], NCT02385110 [etopo-
side and dexamethasone combined or not with alemtuzumab/ 
tocilizumab for adult HLH]); and emapalumab (NCT01818492 
[patients <18 years old only], NCT03985423 [adult HLH]).

Other treatment strategies have been attempted with 
rituximab and infliximab but only in case reports or 

small case series.66,67 Nonetheless, these anecdotal reports 
highlight the therapeutic potential of cytokine-targeted 
therapies in HLH. Plasma exchange has been used as 
a salvage therapy for refractory HLH patients in intensive 
care units but much more as supportive care.68

Conclusion
Relapsed or refractory HLH in adult patients is associated with 
poor outcomes, and HSCT may be necessary in some cases, 
such as in EBV-related HLH, lymphoma-related HLH and 

Table 3 Characteristics of Studies on Salvage Therapy for Refractory/Relapsed Adult HLH

Treatment Number 
of 
Patients

Type of HLH Complete 
Response/ 
Partial 
Response

Overall 
Response

Number of Patients Who 
Achieved HSCT or 
Subsequent Chemotherapy

Rate of 
Survival

Alemtuzumab (Marsh, 
et al)45

22 8 F-HLH 0%/64% 64% 77% 64%
5 EBV-HLH

2 CMV-HLH
7 I-HLH

DEP (Wang, et al)44 63 29 Mal-HLH 27%/49.2% 76.2% 13 (44.8%) 60.4%
22 EBV-HLH

4 F-HLH
8 I-HLH

L-DEP (Wang, et al)53 28 EBV-HLH 32%/53.5% 85.7% 13 (54.1%) 76.9% 
(post HSCT)

Ruxolitinib (Ahmed, 
et al)60

5 Secondary HLH 100% 100% NA 100%

Ruxolitinib (Boonstra, 
et al)61*

13 5 Infectious-HLH 38.4%/38.4% 77% NA 76.9%
4 MAS-HLH

5 I-HLH

Ruxolitinib with and 

without glucocorticoids 

(Wang, et al)59

34 1 F-HLH 14.7%/58.8% 73.5 NA 55.9%
25 EBV-HLH
2 MAS

6 I-HLH

DEP-Ru (Wang, et al)62 54 28 EBV-HLH 15.1%/58.5% 73.6% 32 (59.2%) NA
5 MAS

3 Mal-HLH
6 F-HLH

1 Pregnancy-HLH
1 Drug-HLH

2 Infect-HLH

Emapalumab (Locatelli, 

et al)55

34 27 F-HLH 21%/32% 65% 22 (64.7%) 69% (90.9% 

post HSCT)7 I-HLH

Nivolumab (Liu, et al)64 7 EBV-HLH 71.4%/14.2% 85.6% NA 71.4%

Note: *This study is an extension of Ahmed, et al study (Lancet Haematol 2019) but with data on longer follow-up and 7 more patients. 
Abbreviations: NA, not available; DEP, doxorubicin, etoposide, methylprednisolone; L-DEP, DEP regimen with PEG aspargase; DEP-Ru, DEP-ruxolitinib; EBV, Epstein-Barr 
virus; CMV, cytomegalovirus; Mal-HLH, malignancy related HLH, I-HLH, idiopathic HLH; F-HLH, familial HLH; MAS, macrophage-activation syndrome; HSCT, hematopoietic 
stem-cell transplantation.
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poor.11 Moreover, the efficacy of the HLH-94 protocol in secondary

HLH is unclear. In alignment with the findings described by Bubik

et al. and Nicholson et al. initial response with the HLH-94 proto-

col was high (>50%); however, OS at 1 year was significantly

reduced (29%–35%), in part due to disease relapse, organ dysfunc-

tion, and infection.11,12 In our cohort, CI of relapse was 50% in

patients who received the HLH-94 protocol, all of whom passed

with active disease shortly after. The cytotoxic effects of

etoposide-based therapy, however, can pose challenges in patients

with HLH-related cytopenias or malignant etiologies, especially

those with impaired hematopoiesis such as myelodysplastic syn-

drome or acute myeloid leukemia. In addition, the increased risk of

secondary malignancies due to high etoposide exposure from the

HLH-94 protocol leaves many providers looking for safer yet

effective treatment alternatives.

Anakinra, an IL-1 receptor antagonist, is a targeted immunosup-

pressive agent approved for the management of rheumatological

and autoimmune disorders. As a direct inhibitor of IL-1, which is

critical to the HLH pathway, anakinra has been suggested as a

potential treatment modality. Among patients who develop HLH

during pregnancy, anakinra uniquely offers a safer therapeutic

modality over etoposide-based regimens, which can pose terato-

genic harm. In a systematic review including 69 pregnancies

exposed to anakinra, 78.6% (n = 44/56) had term births while

21.4% (n = 12/56) were preterm with a mean gestational age of

34.1 weeks. Exposure to anakinra was reported before pregnancy

and during the first, second, and third trimesters. The most common

complication reported was preterm birth followed by vaginal bleed-

ing, hypertension, and/or oligohydramnios.13 One stillbirth was

reported where anakinra was initiated at 34 weeks of gestation

though no additional information was made available regarding this

event.13 For patients requiring HLH treatment post-partum, no con-

cerns were identified during breastfeeding in a large multicenter

study.14

TABLE 2 (Continued)

Variables Anakinra (n = 6) HLH-94 (n = 10)
High-dose steroids
(n = 11)

Supportive care
(n = 7)

Organ dysfunctionc

Median number [IQR] 2 [1–2] 1 [1–2] 2 [1–3] 2 [0–4]

Neurological, n (%) 1 (16.7) 2 (20) 4 (36.4) 4 (57.1)

Respiratory, n (%) 2 (33.3) 3 (30) 6 (54.6) 4 (57.1)

Cardiac, n (%) 1 (16.7) 2 (20) 6 (54.6) 4 (57.1)

Renal, n (%) 2 (33.3) 1 (10) 2 (18.2) 2 (28.6)

Hepatic, n (%) 6 (100) 5 (50) 5 (45.5) 2 (28.6)

Abbreviations: ANC, absolute neutrophil count; CCI, Charlson Comorbidity Index; HLH, hemophagocytic lymphohistiocytosis; ICU, intensive care unit; NK,
natural killer; OHI, optimized HLH inflammatory; OSH, outside hospital.
aDaily steroid dose reported in mean dexamethasone equivalents (mg/m2) during the first 14 days of treatment.
bHLH-2004 criteria consisting of: (1) fever ≥38.5!C, (2) hepatosplenomegaly, (3) cytopenia affecting at least two lines: ANC <1.0 " 109/L, hemoglobin
<9 g/dL, platelet count <100 " 109/L, (4) plasma triglycerides >14.71 mmol/L or plasma fibrinogen <1.5 g/L, (5) serum ferritin >500 mg/L, (6) soluble
CD25 >2400 pg/mL, (7) low or absent NK cell activity, and (8) pathology showing hemophagocytosis.
cDefined as Grade ≥3 toxicity in accordance with the Common Terminology Criteria for Adverse Events version 5.

F IGURE 2 Kaplan–Meijer plots showing (A) progression-free
survival (PFS) and (B) overall survival (OS) between treatment groups.
(A) PFS at 1 year between patients who received Anakinra and HDS,
the HLH-94 protocol, HDS alone, and supportive care. (B) OS at
1 year between patients who received Anakinra and HDS, the
HLH-94 protocol, HDS alone, and supportive care. HDS, high-dose
steroids; HLH, hemophagocytic lymphohistiocytosis.
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col was high (>50%); however, OS at 1 year was significantly
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with active disease shortly after. The cytotoxic effects of

etoposide-based therapy, however, can pose challenges in patients
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HLH-94 protocol leaves many providers looking for safer yet

effective treatment alternatives.

Anakinra, an IL-1 receptor antagonist, is a targeted immunosup-

pressive agent approved for the management of rheumatological

and autoimmune disorders. As a direct inhibitor of IL-1, which is

critical to the HLH pathway, anakinra has been suggested as a

potential treatment modality. Among patients who develop HLH

during pregnancy, anakinra uniquely offers a safer therapeutic

modality over etoposide-based regimens, which can pose terato-

genic harm. In a systematic review including 69 pregnancies

exposed to anakinra, 78.6% (n = 44/56) had term births while

21.4% (n = 12/56) were preterm with a mean gestational age of

34.1 weeks. Exposure to anakinra was reported before pregnancy

and during the first, second, and third trimesters. The most common

complication reported was preterm birth followed by vaginal bleed-

ing, hypertension, and/or oligohydramnios.13 One stillbirth was

reported where anakinra was initiated at 34 weeks of gestation

though no additional information was made available regarding this

event.13 For patients requiring HLH treatment post-partum, no con-

cerns were identified during breastfeeding in a large multicenter
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Respiratory, n (%) 2 (33.3) 3 (30) 6 (54.6) 4 (57.1)

Cardiac, n (%) 1 (16.7) 2 (20) 6 (54.6) 4 (57.1)

Renal, n (%) 2 (33.3) 1 (10) 2 (18.2) 2 (28.6)

Hepatic, n (%) 6 (100) 5 (50) 5 (45.5) 2 (28.6)

Abbreviations: ANC, absolute neutrophil count; CCI, Charlson Comorbidity Index; HLH, hemophagocytic lymphohistiocytosis; ICU, intensive care unit; NK,
natural killer; OHI, optimized HLH inflammatory; OSH, outside hospital.
aDaily steroid dose reported in mean dexamethasone equivalents (mg/m2) during the first 14 days of treatment.
bHLH-2004 criteria consisting of: (1) fever ≥38.5!C, (2) hepatosplenomegaly, (3) cytopenia affecting at least two lines: ANC <1.0 " 109/L, hemoglobin
<9 g/dL, platelet count <100 " 109/L, (4) plasma triglycerides >14.71 mmol/L or plasma fibrinogen <1.5 g/L, (5) serum ferritin >500 mg/L, (6) soluble
CD25 >2400 pg/mL, (7) low or absent NK cell activity, and (8) pathology showing hemophagocytosis.
cDefined as Grade ≥3 toxicity in accordance with the Common Terminology Criteria for Adverse Events version 5.

F IGURE 2 Kaplan–Meijer plots showing (A) progression-free
survival (PFS) and (B) overall survival (OS) between treatment groups.
(A) PFS at 1 year between patients who received Anakinra and HDS,
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Treatment algorithm proposal:	Next Future

Lee BJ, et al. Eur J Haematol 2023; Stalder G, et al. Haematologica 2023

Figure 2. Comparison of cumulative doses of etoposides, dexamethasone and hemophagocytic lymphohistiocytosis parameter 
evolution between the adRED population and a historical control population. (A) Median cumulative (cum) dose of etoposide 
(ETP) and dexamethasone (DEX) used in adRED and historical control patients. (B) Fold-decrease in levels of classic parameters 
at day 7 and day 14 in adRED-treated and historical control patients. adRED: dose-adjusted ruxolitinib, ETP and DEX.

A B

sequently, a longitudinal assessment of the cytokines re-
pertoire in AML patients without HLH need to be explored 
and identified throughout the treatment and across AML 
subgroups.    
In conclusion, this pilot study shows for the first time that 
the addition of RXT seems to be safe and an interesting 
therapeutic option for AML-associated HLH that could re-
duce the administered doses of DEX and ETP. These pre-
liminary data need to be confirmed prospectively in larger 
populations with multi-center studies. 
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Treatment algorithm proposal:	The last bullet=HSCT	

Gooptu M, et al. Blood Advances 2023

cell infusion. The conditioning regimen comprised fludarabine/
busulfan (n = 19) in 7 related and 12 unrelated HLA-matched
HSCTs (fludarabine 30 mg/m2 for 4 doses, busulfan 0.8 mg/kg
once daily for 4 doses) or fludarabine/cyclophosphamide/total
body irradiation in 2 haploidentical HSCTs (Hopkins regimen).
Eleven of 21 patients (52%) received peripheral blood stem cells
(PBSCs), while the remaining received BM. HSCT occurred at a
median of 8 months following diagnosis of HLH (range, 3-13
months). This reduced-intensity transplant strategy with early
(“distal”) administration of alemtuzumab is illustrated in Figure 1.

Patient, donor, and transplant characteristics are summarized in
Table 1.

Initial and salvage bridging therapies before
transplantation

Initial therapy for HLH was done primarily with etoposide/dexa-
methasone per the HLH-1994 protocol (17 patients) or with
malignancy-directed chemotherapy (eg, R-CHOEP [rituximab
cyclophosphamide doxorubicin vincristine etoposide prednisolone]
with the inclusion of etoposide given HLH) in cases where an
underlying malignancy was detected (6 patients). For refractory
disease, alemtuzumab salvage therapy, 30 mg weekly for 3 weeks,
was used (4 patients). Ruxolitinib (3 patients) and tacrolimus (5
patients) were used as steroid-free bridging therapies before
transplantation. One patient received tocilizumab, and 2 patients
received anakinra for additional control of hyperinflammation. One
patient received rituximab for EBV reactivation.

Clinical outcomes following transplantation

Engraftment and chimerism. All patients (100%) engrafted
neutrophils (achieved absolute neutrophil count >500) at a median
of 15.5 days and platelets (median, 19.5 days); 14.3% of patients
did not nadir in terms of neutrophils, while 11% of patients did not
have a drop in platelet count below 20 000 before engraftment
(Table 2).

Donor total leukocyte chimerism (TLC), T-cell, and granulocyte
chimerism are shown in supplemental Table 1A. Mixed patterns of
chimerism were common. At 30 days, median TLCwas 92% (range,
43-100), with only 1 patient having a TLC <50%. Although TLC

was improved at 1 year (median, 99%; range, 64-100), mixed
chimerism was seen in some patients (30% of patients had TLC
<90%). Regarding T-cell chimerism, 24% of patients had T-cell
chimerism <30% at 30 days, while 33% had T-cell chimerism <50%
at 30 days, and 29.4%of patients had T-cell chimerism of <90%at 1
year after transplant. In terms of granulocyte chimerism, 36.8% of
patients had granulocyte chimerism <90% at 30 days, while only
18.8% of patients had granulocyte chimerism <90% at 1 year.

Two patients received CD34-selected stem cell boosts for cyto-
penias with full donor chimerism; 2 patients received donor
lymphocyte infusions (DLIs) for T-cell chimerism ≤20% in hopes of
sustaining remission. None of the patients required second trans-
plantation for primary or secondary graft failure. There was no
correlation between alemtuzumab timing (ie, the time elapsed
between alemtuzumab administration and transplant) and chime-
rism (total leukocyte, T-cell, or granulocyte chimerism) in this cohort
(supplemental Table 1B).

Neither TLC, T-cell, nor granulocyte chimerism were associated
with OS or PFS in this cohort.

OS. At 3 years after transplantation, OS was 75% (95% CI, 51-89)
while 3-year PFS was 71% (95% CI, 46-86).

Relapse and nonrelapse mortality. The 3-year cumulative
incidence of relapse was 15% (95% CI, 3.4-33). Two of 21
patients relapsed with their original malignancy (diffuse large B-cell
lymphoma) early posttransplant (3-4 months), while 1 patient
relapsed with an unusual monoclonal B-cell proliferation that may
have been present before transplant. One of these patients also
relapsed with concurrent HLH. There were no isolated HLH
relapses without relapse of malignancy in this cohort. The cumu-
lative incidence of nonrelapse mortality at 3 years was 15% (95%
CI, 3.5-34).

Survival outcomes following transplantation are summarized in
Table 3 and shown in Figure 2A,B.

GVHD. Cumulative incidence of grade 2 to 4 acute GVHD
(aGVHD) at 6 months was 29% (95% CI, 11-49), while it was
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Sirolimus – 3 months then taper
and/or methotrexate days +1, +3, +6, (+11)

Haplo HSCT – RIC Flu/Cy/TBI with post transplant Cy and
Tac, MMF

Figure 1. Allogeneic HSCT strategy for adult HLH with RIC and incorporation of early (“distal”) administration of alemtuzumab. GVHD prophylaxis comprised

calcineurin inhibitor (tacrolimus) along with methotrexate or sirolimus for HLA-matched donors and posttransplant cyclophosphamide along with tacrolimus and mycophenolate

mofetil for haploidentical donors. Alemtuzumab was administered at a median of 25 days before stem cell infusion.
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timing of alemtuzumab administration; while earlier administration
(days −22 to −19 before stem cell infusion or day 0) may have a
greater impact on recipient T cells, later administration of alemtu-
zumab (days −12 to −8 before day 0) may affect the donor graft
more.11 Indeed, earlier administration did lead to less mixed chime-
rism in 2 small single-center studies.12,16 BMT-CTN 1204, a land-
mark phase 2 study in children and young adults with HLH and
primary immunodeficiency, used an “intermediate” alemtuzumab
dosing strategy with OS of 67% at 18 months, but an impressive
rate of graft failure/need for another cellular intervention (>50%).14

In our cohort, the alemtuzumab was stopped at a median of 25
days before the start of conditioning to minimize toxicity to the donor
graft. We found no association between the timing of alemtuzumab
and donor chimerism thresholds. Furthermore, patients had
acceptable outcomes in terms of graft function, with only 2 patients
requiring CD34-selected stem cell boosts and another 2 patients
requiring T-cell boosts in the form of donor lymphocyte infusion for
T-cell chimerism <20%. This suggests that the early administration

of alemtuzumab is a viable strategy. Importantly, mixed chimerism
did not affect OS or PFS in our cohort, as discussed in greater
detail below.

Engraftment of both neutrophils and platelets was achieved in all 21
patients in our cohort. Total donor leukocyte and T-cell chimerism
ranged widely (supplemental Table 1A). As mentioned above, donor
lymphocyte infusions were required in 2 patients to boost T-cell
chimerism (using a threshold of <20%), while CD34-selected
boosts were required in an additional 2 patients who had poor
counts despite having full donor chimerism. This was an improvement
in primary graft failure rates comparedwith historical data14; however,
the need for CD34-selected boosts for graft exhaustion/secondary
graft failure should be anticipated in these patients. Irrespective of the
timing of administration, the effect of alemtuzumab on chimerism is
generally deleterious and likely explains the phenomenon seen in our
cohort. Total leukocyte, T-cell, and granulocyte chimerism did not
impact survival outcomes in our cohort as mentioned above,
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timing of alemtuzumab administration; while earlier administration
(days −22 to −19 before stem cell infusion or day 0) may have a
greater impact on recipient T cells, later administration of alemtu-
zumab (days −12 to −8 before day 0) may affect the donor graft
more.11 Indeed, earlier administration did lead to less mixed chime-
rism in 2 small single-center studies.12,16 BMT-CTN 1204, a land-
mark phase 2 study in children and young adults with HLH and
primary immunodeficiency, used an “intermediate” alemtuzumab
dosing strategy with OS of 67% at 18 months, but an impressive
rate of graft failure/need for another cellular intervention (>50%).14

In our cohort, the alemtuzumab was stopped at a median of 25
days before the start of conditioning to minimize toxicity to the donor
graft. We found no association between the timing of alemtuzumab
and donor chimerism thresholds. Furthermore, patients had
acceptable outcomes in terms of graft function, with only 2 patients
requiring CD34-selected stem cell boosts and another 2 patients
requiring T-cell boosts in the form of donor lymphocyte infusion for
T-cell chimerism <20%. This suggests that the early administration

of alemtuzumab is a viable strategy. Importantly, mixed chimerism
did not affect OS or PFS in our cohort, as discussed in greater
detail below.

Engraftment of both neutrophils and platelets was achieved in all 21
patients in our cohort. Total donor leukocyte and T-cell chimerism
ranged widely (supplemental Table 1A). As mentioned above, donor
lymphocyte infusions were required in 2 patients to boost T-cell
chimerism (using a threshold of <20%), while CD34-selected
boosts were required in an additional 2 patients who had poor
counts despite having full donor chimerism. This was an improvement
in primary graft failure rates comparedwith historical data14; however,
the need for CD34-selected boosts for graft exhaustion/secondary
graft failure should be anticipated in these patients. Irrespective of the
timing of administration, the effect of alemtuzumab on chimerism is
generally deleterious and likely explains the phenomenon seen in our
cohort. Total leukocyte, T-cell, and granulocyte chimerism did not
impact survival outcomes in our cohort as mentioned above,

1.0
OS and PFS NRM and relapseA B

C D

0.8

0.6

0.4

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0
0 6 12 18 24

0

No. at risk
OS:

PFS:
21
21

18
17

14
13

7
7

6 21 17 13 7 6
6

No. at risk
All cGVHD:

M-S cGVHD:
21
21

18
18

10
14

8
12

7
11

No. at risk
Gr 2-4 aGVHD:
Gr 3-4 aGVHD:

21
21

16
19

14
17

14
17

14
17

11
15

12
16

1 2
Years from transplantation

Months from transplantation

Pr
ob

ab
ilit

y
Pr

ob
ab

ilit
y

1.0 Gr 2-4 aGVHD
Gr 3-4 aGVHD

0.8

0.6

0.4

0.2

0.0
0 2 4 6 8 10 12

Months from transplantation

Pr
ob

ab
ilit

y

3 4

1.0

0.8

0.6

0.4

0.2

0.0
0 1 2

Years from transplantation

Pr
ob

ab
ilit

y

3 4

All cGVHD
Mod-severe cGVHD

OS
PFS

NRM
Relapse

Figure 2. (A and B) OS, PFS, and relapse and nonrelapse mortality at 3 years after allogeneic HSCT for HLH. OS at 3 years after HSCT was 75% (95% CI, 51-89),

while PFS at 3 years after HSCT was 71% (95% CI, 46-86). The cumulative incidence of relapse at 3 years after HSCT was 15% (95% CI, 3.4-33), while the cumulative incidence

of NRM at 3 years after HSCT was 15% (95% CI, 3.5-34). Relapse indicates relapse of underlying malignancy (lymphoproliferative disorder) with or without HLH. There were

no cases of isolated HLH relapse. (C and D) GVHD outcomes following allogeneic HSCT for HLH. Cumulative incidence of grade 2 to 4 aGVHD at 6 months was 29%

(95% CI, 11-49) and 38% (95% CI, 18-58) at 1 year after HSCT. The cumulative incidence of grade 3 to 4 aGVHD at 6 months was 9.5% (95% CI, 1.5-27). The cumulative

incidence of cGVHD at 2 years was 52% (95% CI, 29-71), while the cumulative incidence of moderate/severe cGVHD at 2 years was 29% (95% CI, 11-49).
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Treatment algorithm proposal:	IEC-HS

IEC-associated HLH-like syndrome (IEC-HS)
Because of overlapping features of CRS and underlying

hematologic malignancies [52], current diagnostic criteria for
HLH are suboptimal for use following CAR T cell therapy
[53,54]. Although other terms (eg, carHLH, MAS-L, HLH/MAS)
have been used to describe HLH-like toxicities following CAR
T cell therapy, to (1) unify the field on HLH-like toxicities
following IEC-based therapies, which aligns with ICANS
nomenclature, and (2) acknowledge a pathophysiology and
hyperinflammatory process distinct from pHLH (albeit with
similar manifestations) we opted to identify this as an “HLH-
like” syndrome. Accordingly, the term “IEC-associated HLH-
like syndrome (IEC-HS)”was established.

This model suggests that IECs, such as CAR T cells, become
activated by tumor antigens and transactivate macrophages,
leading to concurrent CAR T cell/macrophage activation and
cytokine release and creating a positive feedback loop. With
limited ability to sufficiently down-regulate, the onset of
inflammation-mediated organ injury that extends beyond
recovery from CRS is delayed (Figure 1B).

IEC-HS definition. The ASTCT CRS consensus grading scale
encompasses clinical parameters of fever, hypotension, and
hypoxia to identify and rate severity [45]. Importantly, how-
ever, many early grading systems for CRS incorporated ele-
ments of end-organ toxicities [55], as patients with moderate
to severe CRS could have clinical features and cytokine abnor-
malities mimicking HLH-like toxicities (eg, elevated ferritin,
transaminitis, hemophagocytosis, coagulopathy), which usu-
ally resolved without delayed sequelae or the need for addi-
tional immunomodulatory therapy [3,43,45,55-60]. While
acknowledging the biochemical and pathologic similarities
between CRS, ICANS, and HLH (Figure 2A), a key factor in diag-
nosing IEC-HS is its clinical independence from CRS.

We ultimately define IEC-HS as the development of a path-
ological and biochemical hyperinflammatory syndrome that
(1) manifests with features of macrophage activation/HLH, (2)
is attributable to IEC therapy, and (3) is associated with pro-
gression or new onset of cytopenias, hyperferritinemia, coa-
gulopathy with hypofibrinogenemia, and/or transaminitis.
Although HLH-like manifestations are frequently seen in in

patients with severe CRS, IEC-HS is often of delayed onset and
manifests as CRS is resolved/resolving and should not be used
to describe only manifestations of severe CRS (Figure 2B).

We further delineate more specific criteria, of which hyper-
ferritinemia (defined as >2 times the upper limit of normal or
baseline at time of infusion) or rapidly rising (according to
clinical assessment) is a prerequisite based on HLH-2004 diag-
nostic criteria, analysis of published cases [3,4,7-
12,14,15,33,46,48,61-63], and experience of our expert panel
(Table 1). Indeed, this analysis of data emerging from single or
multiple case series (Supplementary Figure S1), along with
unpublished experiences, were critical as we developed our
definitions and approach. Accordingly, this effort builds on
these initial observations and serves to lay the foundation for
collectively learn more about IEC-HS.

IEC-HS Diagnosis.
Clinical suspicion. The clinical presentation of IEC-HS

closely resembles the onset of an exaggerated inflammatory
response following CRS or CAR T cell expansion. The timing of
IEC-HS in relation to antecedent CRS is variable but generally
delayed. Importantly, all reported patients with HLH-like tox-
icities to date have had an antecedent or ongoing CRS [8,9].

Despite potential overlap, we strongly caution against
using IEC-HS nomenclature to describe patients with severe
CRS involving multiorgan dysfunction owing to unique impli-
cations for treatment approach and to avoid designation of
new nomenclature for a previously established process.
Accordingly, although fever is an important criterion for
pHLH/sHLH and may be seen with IEC-HS, fever was excluded
from the proposed diagnosis of IEC-HS to avoid confusion, as it
represents the sole criterion for grade 1 CRS [45]. Hence, it is
imperative to distinguish suspected IEC-HS from CRS recur-
rence or prolonged severe CRS, to pursue treatment options
and monitoring accordingly.

Laboratory monitoring.
Ferritin
Published recommendations based primarily on single-

center experiences have suggested the use of elevated ferritin
>10,000 ng/mL with CD19 CAR T cell therapy [64],

Figure 2. Intersection of IEC-related toxicities and timing of CRS and IEC-HS. (A) Visual of how various IEC-based therapies contribute to inducing a host of IEC-associ-
ated hyperinflammatory syndromes—highlighting the interrelatedness and yet unique presentations of the various toxicities. (B) Suggested paradigms for severe CRS
with HLH-like multiorgan dysfunction and how this differs chronologically from IEC-HS presentations.
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Agent-Specific Considerations in the Treatment of IEC-HS
(Table 3).

Anakinra
Anakinra was recommended as a first-line agent owing

largely to its acceptable side effect profile, evidence of IL-
1b upregulation in IEC-HS [8], use in sHLH, increasing use in
CRS, and familiarity of the committee with its use in this con-
text. Additionally, there is emerging evidence that anakinra
may be effective in treating or preventing ICANS [10,103,104],
for which prospective studies are ongoing. Compared to other
therapeutic options, given its evolving role in treatment of
CAR T cell therapy-associated toxicities in general, it is consid-
ered a reasonable initial strategy, although future prospective
efforts will be needed to evaluate its role, along with the opti-
mal timing of initiation, dosing, and duration of therapy.

Corticosteroids
Corticosteroids also are considered an acceptable first-line

agent for use with or without anakinra. Notably, steroids have
more known side effects, including metabolic derangements,

hypertension, and increased risk of infection, particularly fun-
gal infection. There are also concerns about potential adverse
effects of corticosteroid therapy on CAR T cell function and
persistence [105,106], although most data suggest that short-
term corticosteroids can be used in the treatment of complica-
tions, including CRS and ICANS, without a definite increase in
relapse rates [56,107]. The dosing of corticosteroids was based
on expert opinion and consensus, with the general approach
of using lower doses initially, with up-titration for increasing
disease severity. In the absence of evidence, a wide range
doses is suggested, with an increased dosage likely required in
more severe cases.

Ruxolitinib
For patients who require additional agents to treat IEC-HS

(eg, with worsening inflammatory parameters and/or with evi-
dence of progressive end-organ involvement), second-line
options include ruxolitinib, based on its use in HSCT and in the
treatment for HLH. It is considered a reasonable therapeutic
option following anakinra and/or corticosteroids but not as a

Table 2
IEC-HS Grading

Adverse
Event

Grade

1 2 3 4 5

IEC-HS* Asymptomatic or mild
symptoms; requires obser-
vation and/or clinical and
diagnostic evaluation. Inter-
vention not indicated.

Mild to moderate symptoms,
with intervention indicated
(eg, immunosuppressive
agents directed at IEC-HS,
transfusions for asymptom-
atic hypofibrinogenemia)

Severe or medically signifi-
cant but not immediately
life- threatening (eg, coagul-
opathy with bleeding requir-
ing transfusion support, or
hospitalization required for
new-onset acute kidney
injury, hypotension, or
respiratory distress)

Life-threatening consequen-
ces: urgent intervention
indicated (eg, life-threaten-
ing bleeding or hypotension,
respiratory distress requir-
ing intubation, dialysis indi-
cated for acute kidney
injury)

Death

* Not attributable to other causes; defined by the development of pathological and biochemical features of macrophage activation/HLH that is attributable to IEC
therapy and associated with progression or new onset of cytopenias, hyperferritinemia, coagulopathy with hypofibrinogenemia and hepatic transaminitis
(>5 £ ULN)). While HLH-like manifestations are frequently seen in in patients with severe CRS (as defined by ASTCT), IEC-HS is often delayed in onset and manifests
as CRS is resolved/resolving.

Figure 3. Stepwise approach to treatment of IEC-HS. Treatment recommendations are derived from expert opinion and warrant prospective study. Nonetheless, ther-
apy generally should be initiated prior to the development of life-threatening complications and if possible, a time interval (eg, 48 hours) should be allowed to
observe for efficacy before additional agents are added, to avoid cumulative toxicity of multiple immunosuppressive agents. Patients should be closely monitored for
response to interventions, with potential for escalation in care and evaluation of alternative etiologies if there is worsening. (See Table 3 for specific dosing recom-
mendations.) First-line therapy can start with anakinra with or without corticosteroids (or vice versa). Although a range of dosing is provided, use of one or both
agents and/or low versus higher dose is dependent on the clinical presentation of the patient and how rapidly the inflammatory response is worsening. For patients
with grade 2 IEC-HS, starting with the lower end of the range for dual therapy or higher dosing for single-agent intervention could be considered. For second-line
therapy, in patients with clearly worsening inflammatory parameters who are developing more severe manifestations of IEC-HS, recommendations are for dual-agent
therapy at the higher end of the range, with consideration for adding additional agents if the patient is rapidly worsening. For third-line therapy, typically, corticoste-
roids/anakinra would continue as additional therapies are added to achieve control of the inflammatory response. Choice of therapy beyond ruxolitinib can be
informed by unique patient considerations (eg, etoposide for CAR T cell-associated lymphocytosis or emapalumab for highly elevated IFN-g). An ongoing assessment
for alternative etiologies should continue throughout the IEC-HS manifestations and treatment course. Consultation with infectious disease specialists and rheuma-
tology should be considered to optimize supportive care for patients with suboptimal responses to initial therapeutic approaches or those with worsening manifesta-
tions. As clinical and laboratory parameters stabilize, gradually tapering immunosuppression is encouraged while monitoring for recrudescence of symptoms.
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Conclusions:	Take-home	messages

ü Adult malignancy-associated HLH remains a severe underdiagnosed disease

ü Early multidisciplinar & collaborative work-up is crutial with prognosis outcome

ü Investigational effort should be focused on mHLH (including treatment-related) vs other
etiology HLH distinction

ü Despite recent advantages, improvements are strongly needed concerning diagnosis &
registry (IA tools), together with new treatment approaches (clinical trials)



Conclusions:	It could happen to	you
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