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HLH discovery along the last 80 years

Chinnici A et al. Front Immunol 2023



HLH is a life-threatening hyperinflammatory syndrome,                                  
caused by a highly stimulated but ineffective immune response 
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HLH spectrum
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10% adults



Age at onset in pHLH  



Treatment and outcome, pHLH

First line tx: 80%  HLH-94/2004 

• OS at last follow-up:  65% (93/143)
vs 48% HLH-94; 61% HLH-2004

• Reac free survival: 86/111 (78%)

• Early mortality: 36/143 (25%) 
vs 27% HLH-94, 17% HLH-2004

• Post-HSCT survival: 78/92 (85%)
vs 66% HLH-94, 70% HLH-2004 



Treatment response

ORR to CT: 
78% (86/111)

24/25 died 
(96%)



Outcome FHL, Italian Registry 2007-2022
N=143

Multivariable analysis:

Non response
• Age at diagnosis <6m
• Ferritin >5,000ng/dL
• Bilirubin >2mg/dL

Pre-transplant mortality
• Ferritin >5,000ng/dL
• Bilirubin >2mg/dL

Overall mortality
• Ferritin >5,000ng/dL
• Bilirubin >2mg/dL



Outcome FHL, Italian Registry 2007-2022:

• 15/143 (10%) cases with milder disease were alive at a median follow-up of 34 
months without receiving HSCT → hypomorphic variants

• 10 patients harboring homozygous or compound heterozygous A91V PRF1 
mutations, whose pathogenicity is still debated:

4 were alive without HSCT

3 received HSCT for active HLH 

3 died before being able to be transplanted





A91V/A91V patients, Italian HLH Registry
Included patients N=7

Age at HLH onset (years) Median 9.4 IQR 1,9-30

M:F 5:2

Complete HLH 2004 criteria

Fever 

Splenomegaly

Bi-cytopenia

Hypertrigliceridemia/hypofibrinogenemia

Hyperferritinemia

Hemophagocytosis

CNS involvement

Liver involvement

1 (14%)
5/7 (71%)

5/7 (71%)

1/6 (17%)

4/7 (57%)

5/7 (71%)

2/7 (29%)

1/7 (14%)

3/7 (43%)

PRF expression abnormal 4/6 (57%)

(range: 3% - 60%)

Infectious Trigger 3/7 (43%)

Associated disease 4/7 (57%)

Death 1/7 (14%)  

React 2/7 (29%)

HCST 2/7 (29%)

Additional factors are required
in addition to A91V/A91V 
genotype to develop HLH



The hypomorphic Perforin A91V variant can become a risk 
allele in trans with loss-of-function PRF1 mutations
(Germany, Italy, France, UK, Austria, Australia, USA)

• A91V/pLOF predispose to HLH or FHL-2 related diseases?

• Accurate risk assessment is crucial for genetic counseling, in particular
for infants identified by newborn screening for early HSCT

• Preemptive HSCT in asymptomatic carriers proved to be safe and should
be considered (Lucchini G et al Blood 2018)

Wegehaupt O et al. in preparation



Clinical cohort of 
A91V/pLOF individuals
52 patients from 7 countries:

• 39/52 (75%): FHL2-related manifestations

• 4 recurrent disease, 14 HSCT (5 died), 10 not
transplanted died for progressive HLH,
infections or lymphoma

A91V/pLOF:

• severe FHL2-related manifestations

• high risk of recurrence

• high lethality

by family screening

N=14 

by genetic analysis of symptomatic pts, 

N=38

1/14 symptomatic



A91V/pLOF population (UK biobank)

• 500,000 adults with genome sequening
and clinical history available

- A91V/WT, 7.4%
- A91V/pLOF, 0.1%

• 458  A91V/pLOF carriers:
- splenomegaly/cytopenia (n=6)

- neuroinflammation (n=4)                

- lymphoma (n=6)

A91V/pLOF:  

low risk for FHL2-related manifestations

Symptomatic patients:
- deleterious variants: 15/41 (37%)
- missense variants: 7/110 (6%)



A91V/pLOF study: conclusions

• Overall low risk for A91V/pLOF individuals to develop FHL2-related

disease manifestations.

• This risk justifies regular monitoring, but HSCT should be reserved for

symptomatic patients and selected genotypes.



Monoallelic mutations in PRF1 may predispose to 
cancer and HLH

Cetica V et al. JACI 2015

Clementi Blood 2005

Ciambotti B et al JPHO 2013



Clinical presentation and outcome of 109 patients with HLH harboring monoallelic 

FHL mutations (Firenze, Genova, Padova, Torino, Monza, Ancona, Napoli, Cagliari)

Baseline
mono-HLH 

(n=109)

pHLH 

(n=182)

p value

Mono vs 

pHLH

sHLH 

(n=137)

p value

Mono vs 

sHLH

Male sex, n (%) 57 (52) 105 (58) 0.3949 72 (53) 1

Age at onset, months -

median (IQR)
62 (19-159) 11 (3-77) 0.0015^ 44 (9-162) 0.8214^

Consanguinity, n (%) 7 (6) 50 (27) <0.0001 14 (10) 0.3612 

Familiarity, n (%) 3 (3) 45 (25) <0.0001 4 (3) 1 

Complete HLH-2004 criteria

n/n tot (%)

Fever

Splenomegaly

CNS symptoms

Bi-Cytopenia

Hypertrigliceridemia or 

Hypofibrinogenemia

Hyperferritinemia

Hemophagocytosis

63 (57)

63/63 (100)

53/63 (84)

11/63 (17)

58/63 (92)

59/62 (95)

58/62 (93)

43/56 (77)

122 (67)

120/122 (98)

119/122 (97)

31/122 (25)

114/122 (93)

113/114 (99)

112/121 (93)

77/117 (66)

0.1023

0.5484

0.0014

0.2683

0.7658

0.1260

1

0.1615

137 (100)

129/137 (94)

122/137 (89)

25/137 (18)

123/137 (90)

128/131 (98)

125/133 (94)

87/120 (72)

0.0583

0.3606

1

0.7963

0.3881

1

0.5858

Associated disease, n (%)

Rheumatic/Autoimmune

Immunodeficiency

Neoplastic

Syndromic/Congenital

Metabolic

47 (43)

27 (25)

2 (2)

14 (13)

2 (2)

2 (2)

20 (11)

13 (7)

0 (0)

5 (3)

0 (0)

2 (1)

<0.0001

<0.0001

0.1395

0.0011

0.1395

0.6319

51 (37)

20 (15)

11 (8)

15 (11)

4 (3)

1 (2)

0.3617

0.0507

0.0424

0.6933

0.6960

0.5857
Coniglio M.L. et al. in preparation



Mono-HLH vs pHLH and sHLH:
genetic and functional data

monoHLH pHLH
monoHLH

vs pHLH
sHLH

monoHLH

vs sHLH

Abnormal Functional n/n tot (%)

Abnormal PRF

Abnormal CD107a

47/69 (68)

24/49 (49)

23/40 (57)

85/90 (94)

40/41 (96)

45/49 (92)

<0.0001

<0.0001

0.0003

33/84 (39)

11/96 (11)

22/88 (25)

0.0006

<0.0001

0.0006

Type of mutation n/n tot (%)

Missense 

Deleterious 
102 (94)

7 (6)
61/179 (34)

118/179 (66)
<0.0001

<0.0001
-

-
-

-

N=14

67 different mutations



Mono-HLH vs pHLH and sHLH
survival analysis 



Predictors of death and any event (death or 
reactivation or HSCT) in mono-HLH

Mono HLH: 
dead patients
n=14 /109 (13%)



Monoallelic mutations in FHL-genes:
conclusions

• Despite partial functional defect, age at onset, overal survival,
reactivation or HSCT were not different from sHLH

• Aggressive treatment and HSCT are not justified by the presence of
monoallelic mutations

• Mono-HLH patients with disruptive mutations, CNS involvement and
comorbility should be strictly monitored

• This study support the choice of parents carring monallelic
mutations as donors for aplo-HSCT



Available litterature on NGS in HLH/MAS/PIDs:

2018-2022

Detection rate:

• Gene panels /target sequencing: 13% - 43% 

• WES: 47 - 58% on small cohorts (max 48 patients)

Expanding spectrum of genetic
predisposition to HLH



Detection rate of extended genetic analysis in HLH: 

report from the Italian HLH Registry

• 110/123 patients with suspectd HLH

• 2017 - 2024 

• Median age: 4.4 (IQR 0.3, 12.6) y

• M:F=58:52

ML.Coniglio, A.Chinnici, L.Beneforti, F.Pegoraro, I.Trambusti, A.Todesco, F.Timeus, P.Corti, C.de Fusco, E.Sieni. In preparation



Genetic analysis was 
informative

in 75/110 patients 

detection rate: 68%

103 variants in 43 genes



Age distribution among disease groups



Disease group according to clinical presentation



WT
N=35

MUT
N=75

p value

Age-years (IQR) 5.6 (0.8-16.2) 3.2 (0.3-10.7) 0.1202

Male sex (%) 16 ( 45.7) 42 ( 56.0) 0.412

Consanguinity (%) 4 ( 11.4) 27 ( 36.0) 0.011

Complete criteria (%) 29 ( 82.9) 48 ( 64.0) 0.074

Infection (%) 18 ( 51.4) 27 ( 38.6) 0.296

Predictors of extending genetic analysis findings



Extended genetic analysis: conclusions 

• The detection rate of NGS in the Italian HLH Registry is higher than previously

reported, suggesting an accurate patient selection

• Consanguinity is associated with higher probability to identify a genetic

diagnosis

• Patients with suspicion of HLH should undergo extensive sequencing

regardless of complete criteria and age

• Disease group varies according to age at onset with pHLH and metabiolic

disases prevalent in children < 1 year



Malignancy-associated HLH, Italian HLH Registry

• 50% of all adult HLH
• Few reports in children:

Zhizhuo H. Hematology 2020, n=27
Lehmberg K et al. Br J Haematol 2015, n=29

Italian HLH Registry, n=30 patients with MA-HLH
(post-HSCT and CAR-T excluded)

Referral centres:
Torino, Padova, Firenze, Cagliari, Brescia, Bari, Ancona, 
Napoli Paus, Palermo, Modena, Pescara

Median age: 6.6 y 

M: 21

Presenting features N (%)
median (range)

Fever 28 (93)

Splenomegaly 20 (67)

Bi-cytopenia
ANC/mm3

Hb (g/dl)
plt/mm3

29 (97)
470 (105-2290)
8 (6-9.9)
47 (23-74)

Hypertrigliceridemia
/hypofibrinogenemia

Triglycerides
Fibrinogen

14 (47)

211 (100-400)
290 (237-414)

Hyperferritinemia
Ferritin

29 (97)
9986 (2805-23972)

Hemophagocytosis 12/25 (48)

Liver involvement 14 (47)

CNS involvement 4 (13)

Preliminary data



ALL
47%

AML
30%

HL
10%

NHL
10%

LCH
3%

Malignancy-associated HLH, Italian HLH Registry

N=30 children

At malignancy onset/relapse, N=21 (70%)

During chemotherapy, N=9 (30%)

Genetic predisposition:

9/18 (50%)
7/18 monoallelic mutations in FHL- genes
1 XLP1
1/18 GATA2

Cytotoxicity defects:

7/14 (50%): 3/7 Prf; 4/7 degranulation

Infectious triggers:

15/50 (30%)

Adults:
• T and NK-cell lymphomas (35%) 
• B cell lymphomas (32%)
• Leukemias (6%)
• Hodgkin lymphomas (6%)
• Other hematologic cancers 

(14%)
• Solid tumors (3%) 
• Other malignancies (3%)

Preliminary data



HLH specific treatment: 

N=19/30 (63%)

•Steroids n=14

•HLH-2004 n=4

•Anti IL-1 n=1

Response rate: 21/30 (70%)

HLH reactivation:  3/30 (10%)

HSCT: 12/30 (40%)

92% for malignancies

Mortality:  13/30 (43%)

•HLH n=4/13 (30%)

•Malignancy n=9/13

Median follow-up: 42 months (14-79)

Malignancy-associated HLH, Italian HLH Registry
Treatment and outcome

Lehmberg K 2015 
6 months OS: 67%

OS at last FUP:  57%

pOS at 6 months: 77%

pOS at 12 months: 73 %

N=316 adults, Sweden
OS 12 months: 31%
Löfstedt A et al. Blood 2024

Preliminary data



HLH as an additional warning sign of inborn errors of immunity 
beyond familial-HLH in children: a systematic review 

• 149/178 molecular diagnosis

• 29/178 clinical or functional diagnosis

• 46 IEI, 8 IUIS groups

EBV susceptibility
Ricci S at al. Frontiers immunology 2024

• HLH preceded the IEI diagnosis
in 75% of cases

• Liver and CNS involvement

were less common than in 

FHL cases

• Limited data on treatment 
and outcome



HLH in patients with immunodeficiency, 
Italian HLH Registry and IPINET network

N=73 patients with HLH and clinical or molecular evidence of PID

Networks involved:

- AIEOP HLH Registry,  n=48
- IPINET network, n=18
- Both, n=7

Median age HLH diagnosis (IQR): 3 (0.4-9) years

Infectious trigger in 23/52 (44%)

Genetic diagnosis in 65/68 (96%)

Cytotoxic function: abnormal in 20/34 (59%)

14; 21%

44; 68%

5; 8%

2; 3%

Diseases of immune dysregulation

Immunodeficiencies

Autoinflammation

Other

Ongoing study



Conclusions
• Data from the Italian HLH Registry and international collaborations provide

further understanding of the HLH spectrum refining treatment indication in
different HLH groups

• To date, most FHL patients can be cured from standard chemo and advanced
HSCT tecniques; however, no responders are at highest risk of fatal outcome
and may benefit from alternative treatments

• Intesive treatments and HSCT are not justified in asymptomatic patients with
hypomorphic mutations and in patients with monoallelic variants

• Deeper characterization of sporadic HLH may allow increase knowledge of hlh
pathofisiology and improve patients outcome in these setting

• WES has expanded the spectrum of genetic predisposition to HLH providing
the basis for target therapies
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