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I'emodaronurapHbIn JUMGOTrUCTHOIIUTO3

KU3HEYTPOXKAIOIIUNA CUHIPOM, BKIIFOUAIOIIUN CIIEKTP
3a00JICBaHU, KOTOPBIE XapaKTEPU3YIOTCs
HEKOHTPOJIUPYEMOHU U IMTOCTOSHHOU aKTHUBAIIUEN
MUTOTOKCHYECKUX T-nmum@onutoB, NK-Kki1eTok 1
MakpodaroB, YT0 MPUBOAUT K Pa3BUTHIO CHCTEMHOMU
BOCIIAJIMTEIILHOU PEAKIINU

Trigger NK cell IFNy Macrophage
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Mutations prevent T cells
from killing problem cells




AKTYAJIbHOCTH

* MHnmuanus abeppaHTHOrO HMMYHHOI'O OTBETA
C OABJICHUEM CUMIITOMOB, UMUTUPYIOLINX
CEIICUC

* MaciiTaObl BOCIIaJICHUS pa3BUTHE OIIACHOIO
1151 )KU3HU COCTOSIHUS

* OTCYTCTBHE ITATOTHOMOHUYHBIX CHMIITOMOB
* TpyaiHOCTH B IMArHOCTUKE
* HeOmaronpusTHBIN IIPOTHO3




HcTopuyeckue TaHHbIC H YBOJIIOIIUAA
B3IJISII0B

['JII" BcTpeuaeTcs y MalMEHTOB JH000M BO3PACTHOM KaTeropuu!

Scott&Robb-Smith —  Farquhar & Claireaux

ONKCaHNE peOEHKa C MOTBEPKICHUE Pa3paboTka HOBOI
TMCTUOLMTaPHBIM THNOTE3BL O KITIacCH(GUKALIH C
MENYIUIIPHBIM HaCJIEICTBEHHOM BKJIFOUCHUEM
PETHKYJIC30M IIPUPOAC BTOpUYHBIX (popm TJIT

4
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INMUIAEMUOJIOTUA

y _\ _ OrneHnBaemas 4acToTa
£ TRy : ' AR | . ' BCTPEYAEMOCTH Y

ol 4 ' B3pocibix 1:800 000,
y nerer — 1:1 000 000

Reported number of cases
il -500
B 150-500
£350-149
CJ10-49

B

Causes

[ EBV

B HV

B Other infections

[ Neoplasms

3 Autoimmune diseases
B8 Other

Italy China South Korea Japan Taiwan

R E RIEERER R

Ramos-Casals et al. Adult haemophagocytic syndrome (2014). The Lancet



Population Group
or Disease Subtype

IMUIAECMHUOJIOT U

Common Gene Mutations

White

STXBP2
PRF1
UNC13D

Hispanic

PRF1
UNC13D

Black

PFR1

Gulf region

PRF1
STXBP2
UNC13D

Hereditary/familial10

FHL loci (FHL1, FHL2, FHLS,
FHL4, FHL5), GS2, HPS2,
XLP1, XLP2, BLOC1SE§,
CD27, ITK, LYST, MAGT1,
SLS7A7, XIAP

Juvenile arthritis,
macrophage acti-
vation syndrome”’

LYST
MUNC13-4
STXBP2

DTHUYECKAS MPEAPACTOIO0KEHHOCTD?
Yamie y My>XK4uH

Cpennuii Bo3pacT MaHu@ecTanuu — 50
JeT

1 mHa 2000 cirydyaeB rocnuTaan3anuu



JlaHHBIE MO YNIUAEMHOJIOTUM Y TeTeH

Iyoaukanusi KoJn4ecTBO MalnueHToB, OueHnBaemMasi 4acToTa
BKJIIOUEHHBIX B HCCJIeI0BAHUE BCTPEYaeMOCTH
Niece, J. A. et al. (2010). Hemophagocytic 70 (1992-2007) 1:100 000 (cpennui
lymphohistiocytosis in Texas: Observations on BO3pacT HA MOMEHT
ethnicity and race. Pediatric Blood & Cancer, IMIOCTAHOBKHU JIMArHo3a —
54(3), 424-428. 1,8 1.)
Ishii, E. et al. (1998). Clinical and 43 (1986-1995) 3,42:1 000 000

epidemiologic studies of familial
hemophagocytic lymphohistiocytosis in Japan.
Medical and Pediatric Oncology, 30(5),
276-283.

Henter JI et al. (1991). Incidence in Sweden 32 (1971-1986) 1,2:1 000 000
and clinical features of familial

hemophagocytic lymphohistiocytosis. Acta
Paediatr. Scand. 80:428-35

AxTyanpHas olleHMBaeMas yactora BcrpeuaeMoctu 1-225 : 300 000 HOBOPOXKICHHBIX



MonaeJsib remMomnod3a
e @

Common Plasma Cell
Lymphoud . NK Cell

Progenitor
. NK-T Cell
‘ T Lymphocyte
Iasmacytmd
FIt3-DC 4 Dendnlm Cell
Hematopoietlc Precursor ,
Stem Cell
1onocyte Dendntlc Cell
CFU- GM
Neutroph:l !

— @, Macrophage

___,___.-»-——'*"’ . Qf_{” Eosinophil

Myeloid

Stem Cell CFU Eo
‘ @ Basophil

CFU Baso

(@ Mast Cell
CFU- MC

. 2 9’\) Megakaryocyte

CFU-Meg
‘ Erythrocyte

David D. Chaplin, M.D., Ph.D. Overview of the Immune Response. J Allergy Clin Immunol. 2010 Feb; 125(2 Suppl 2): S3-23.




MMMYHHUTET

BpoxX1eHHbIN

MonouuTbsl/Makpodaru,
JCHJIPUTHBIC KJIETKH, TPAHYJIOUTHI,
NK-kJ1eTKH, 303MHO(DUIBI, TYYHBIC
kieTku, NKT, Bl-mum@onutsl

PRP (Toll,
NOD, RIG)

AJTaITUBHBIN

Cyononymnsinuu T- u B-numdonuuton

TCR, BCR

AHTUTEH
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[ TFOKOKOPTHUKOCTEPOUIbI CUCTEMHBIA KPOBOTOK

(2-3 nHs)

JlIeHApUTHBIE
KJICTKH, TKAHEBBIC
Makpodaru
(TMCTHOLIUTHI)

TkaHu opranusma




Maxkpodaru

Jlerkue (apBEOISIPHBIE
Makpodarn)

CoenuanrebHasa TKAaHDb

KocTHas TkaHb

OCTEOKJIACTBI
( ) Koxa
HepBHas TkaHb
(MUKPOTIIHS) CeneseHka
[leueHb (KneTKH JIumparnueckue
Kyndepa) y3JIBI

KintoueBbie pyHKIMU: (harouuTos, mpe3eHranus Al, perynsitopHas
(IUTOKHWHBI U XEMOTAKCUIECKHE (DAKTOPHI)



JINM(QOIUTHI

Pacno3naBanue Al, HanpaBicHue
T-xenmepsl audPepeHITUPOBKU KIETOK-
a(pdekTopoB

Cymnpeccus ayToarpeCCHUBHBIX

PerynaropHsie
KJIOHOB, (DOpMHUpPOBaHKE
T-nmumdonuTel
TOJICPAHTHOCTH
T-xuiepsl YHHUUTOXKEHHE KIIETOK
B- J_H/IM(I)OLH/ITBI 9HI/IMI/IH3.HI/I5[ BHCKIJICTOYHbBIX

I/IH(l)eKI_[I/IOHHBIX dI'CHTOB



LIUTOKMH-0MMOCPE0OBAHHAS Peryasaiusi
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Paracrine action Nearby cell

. Circulation




Buanl HIUTOKUHOB

‘ .
Ambivalent
-6\ IL-27
TNFa
IL-1,IL-7 g o
IL-12,IL-17 I1.-33
IL-18, IL-21
IL-23, IL-32 "

Promflammatory cytokines

IL-4,IL-10
IL-13, IL-35

Anti-inflammatory cytokines

Mateen, S., Zafar, A., Moin, S., Khan, A. Q., & Zubair, S. (2016). Understanding the role of cytokines in the pathogenesis of rheumatoid arthritis



Cxema peaju3anuy HMMYHHOI'O0 OTBETA

innate oRR

i mmun |ty activation @

first response

to pathogen dendritic cell
virus % APC
bacteria .Ssa_ neutrophil
parasite m
natural killer
pathogen NK

A

macrophage

\\(', g

pathogen proliferation /
specific attack differentiation

|\

Cellular immunity

LY
AN,

antibodies

adaptive humoral immunity

immunity @

B cells

Th1 response
INFy, TNFa, IL12

CD8+ T cell

movement to
4 local lymph nodes

@

antigenic peptide

Th2 response
IL4, IL5, IL13

CD4+ T cell @

proliferation /
differentiation



Genetic causes
Infection
Malignancy
Autoimmune disease

lActivated
o o
L S

Mature cells
High CRT expression)

O

IFNy TNFo M-CSF IL- 6

v

(nflammatory cytokmes —_——

Bo3mMoxxHasa
MO/I€EJb
maroreHesa

HSCs
(Low CRT expression)

Oo o‘

l Reduction of

CDA47 expression

oa ®

< E

Activated Macrophage

1agocytosis of mature cells

Onset of HLH

...........................

(anti-phagocytic sngnal)

{aCRT .
+  (pro-phagocytic signal)

...........................

’l

Phagocytosis of HSCs

O

Kuriyama T., et al. Engulfment of hematopoietic stem cells
caused by down-regulation of CD47 is critical in the
pathogenesis of hemophagocytic lymphohistiocytosis. 2012 r



I HnIepuUUTOKUHEMMU S
SsIL2R

IL-10 IFN-y TNF IL-6

IL-1B
IL-2

IL-12

IL-16

IL-18

MexaHun3m noaaBii€HUs (DYHKIIUM aKTUBUPOBAHHBIX KJIETOK
HeanekBaTreH!

Kuriyama T., et al. Engulfment of hematopoietic stem cells caused by down-regulation of CD47 is critical in the pathogenesis of hemophagocytic lymphohistiocytosis. 2012 r



JKcnepuMeHTaabHass Moaejab LJIT
(Jordan, M. B et al, 2004)

LCMV
\J
WT (wild type) & RAG -/-
- (mepHUIUTHEIC 110
Ptp -/- (medunuTHEIC IO TUMGOIUTAM)

neppopuHy)
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MecTto IJII' B CTPpYKTYpE rHCTHOIIATO30B

Emile JF., et al. 2016. Revised classification of histiocytoses and neoplasms of the macrophage-dendritic cell lineages (Histiocyte Society)



I'eMoaronuTapHbIn
JUM@POTrUCTHOIIUTO3

4 S

IIepBrYHBIN (BBI3BaH Bropuunsblil (Ha (hoHE
TCHETUYECKUMU UMEIOIIETOCS
ne(hEeKTaMH ) 3a00JICBAHUS)

Emile JF., et al. 2016. Revised classification of histiocytoses and neoplasms of the macrophage-dendritic cell lineages (Histiocyte Society)



biok
AKTUBUPYIOIIEH
rMOEn KJIETOK

Ilepsuunbiv [ JII'




@ HapyiieHus 5K3011T03a
Goig Body 00pa30BaHHBIX I'PAHYJI HA
+++ °°° Endoplasmic

ST | 1 = Reticulum Pa3/IMYHBbIX J3TallaX

Granzyme B

Perforin

g
S
Rab27 a
Polamation m
>

Munc 13-4
Syntaxin 11

STXBP-2

#2
Xin 11
! 4 O\ g
Immune Synapse ,_ _____ WP T
”” - (=Y \~\s
- - —
I"

-~
o
-~
-~
-
S——
——
————

o
-
-
-
P
o —
e S S A

Chandrakasan, S., & Filipovich, A. H. (2013). Hemophagocytic Lymphohistiocytosis: Advances in Pathophysiology, Diagnosis, and Treatment.



Cxema nmarorenesza nepsuunoro 1J1I'

['eHeTHUECKMI AE(PEKT

Hapyuienue peanusanuu
KJI€TOYHOW IIMTOTOKCUYHOCTH

IIpomdeparius u AKTHUBaLMs MaKpo(aron
runepaktuBanusa CD8

Bripaborka UOH-y

LIATOKWHOBBIN ILITOPM



I'eHeTHYecKHe 3200/ 1€BAHU,

accouMupoBaHHblie ¢ mepBUYHBIM LJII

Defective
HLH type gene Function Notable clinical findings
Familial HLH type 2 PRF1 Pore formation No notable clinical findings
Familial HLH type 3 UNCI3D Vesicle priming Increased incidence of CNS
involvement
Familial HLH type 4 STX11 Vesicle fusion Mild, recurrent HLH; colitis
Familial HLH type 5 STXBP2 Vesicle fusion Colitis; hypogammaglobulinemia
Syndromes
Griscelli syndrome type 2 RAB27A4 Vesicle docking Partial albinism; silvery-gray hair
Chediak-Higashi syndrome LYST Vesicle trafficking Partial albinism; bleeding tendency;
recurrent pyogenic infection
Hermansky-Pudlak syndrome type 2 AP3B1 Vesicle trafficking Partial albinism; bleeding tendency;
immunodeficiency
EBV-driven
X-linked lymphoproliferative SH2DIA T cells, NK cells, and NK T cell Hypogammaglobulinemia;
disorder type 1 (XLP-1) signaling lymphoma
X-linked lymphoproliferative BIRC4 Signaling pathways involving nuclear | Mild, recurrent HLH; colitis
disorder type 2 (XLP-2) factor kappa-light-chain enhancer
of activated B cells
IL.2-inducible T cell kinase deficiency | ITK Signaling in Tcells Hodgkin lymphoma
CD27 deficiency CD27 Lymphocyte costimulatory molecule | Combined immunodeficiency
X-linked immunodeficiency with MAGTI T cell activation via T cell receptor Combined immunodeficiency;

magnesium defect (XMEN)

chronic viral infections; lymphoma




Cunapom I'pucuesiin 2 tuna

Pathogenesis of GS2
'RAB27AGENE |
Mutation
Failure of Failure of cytolytic
transport of granule exocytosis of
melaninin skin T & NK lymphocytes
and Hair
:.\ympho~ Susceptibityto
< istiocytic infections
Partial proliferation
Albinism ‘

Hemophagocytic lymphohistiocytosis

Id Silvery gray hair I IOrganomcgaly I Neurological defects

R Rajyalakshmi et al. Griscelli syndrome type 2: A rare and fatal syndrome in a South Indian boy, 2016




Hau0oJ1ee pacnpocrpaHeHHbIe TPUITEPHI
BTOpu4YHOro 1JII

Viruses Epstein-Barr virus, cytomegalovirus, parvovirus, herpes simplex virus,

varicella-zoster virus, measles virus, human herpesvirus 8, influenza
A virus (H1N1), parechovirus, HIV

Bacteria Staphylococcus aureus, Campylobacteraceae, Legionellaceae, Ehrlichia
chaffeensis, Mycobacterium tuberculosis, Bartonellaceae

Fungi Cryptococcus neoformans, Candida sp, Histoplasma capsulatum

Parasites Leishmania sp, Plasmodium sp, Toxoplasma gondii, Babesia microti

Hematologic malignancies Peripheral T-cell/natural killer cell lymphomas, anaplastic large cell

lymphoma, acute lymphocytic leukemia, Hodgkin lymphoma,
multiple myeloma, acute erythroid leukemia

Nonhematologic malignancies  Prostate and lung cancer, hepatocellular carcinoma

Macrophage activation Systemic-onset juvenile arthritis, systemic lupus erythematosus,
syndrome Kawasaki disease

Drug reaction with eosinophils Allopurinol, anticonvulsants (especially carbamazepine, lamotrigine,
and systemic symptoms phenobarbital, phenytoin), ceftazidime, sulfonamides

Skinner J, Yankey B, Shelton BK. Hemophagocytic Lymphohistiocytosis. AACN Adv Crit Care.2019 Summer;30(2):151-164.



Cxema narorenesa propuaHoro IJII

OcHOBHOE 3a00JIEBAHUE
(TpuUrrep)

IIpuoOperennbie aedextol CDS,
NK-ki1eTok

HekoHTpommpyemas akTuBaIys
MOHOLIUTAPHO-MaKpodarajabHOM
CHCTEMBI



Poyib reHeTHYeCKHUX 1e()eKTOB B
pasButuu Bropuunoro IJII

Tpurrep

MyTaiuu B resax,

MIPUBOISAIINE K CEMEMHOMY
[JIT" (10-15%)

> Bropuunsin 1 JII

[ umomopdHbIC
myTtauuu (5-10%)

MucceHc-myTauun™



HNHapexkumonHbIie areHThl Kak npuuuHa 1J1I

Bupycsl

- CEMEUCTBO
Herpesviridae
(EBV!, IIMB, BIII
1 1 2 Tuna, BUpycC
BETPSIHOM OCIIBI, 6
1 8-TO TUIIOB

- BHUPYCHI
rEMOpPparunveCcKomn
JTUXOPaJKH (JIeHTE,
D0o0na, KpbiM-
KoHro)

31% ciygaes IJII' cBsizaH ¢ nH(pEKIMEH ™

bakrepun [ prOBI [Ipocreimue

- Rickettsia, H. - Histoplasma, - Plasmodium,

pylori, Morganella Aspergillus spp. Leishmania,

spp., Babesia

Staphylococcus

epidemidis,

Klebsiella spp.,

Clostridium

difficile, M.
tuberculosis, St.
pneumoniae

Tseng YT et al., Causes, clinical symptoms, and outcomes of infectious diseases associated with hemophagocytic lymphohistiocytosis in Taiwanese adults, 2011



Infection

PerpocnekTuBHOE .
Viral
MHOTOLIEHTPOBOE EBV
CMV
uccienoBanue Schram et al oo

(2015) HIV

Adenovirus
Influenza A
HCV
HBV
HHV6
Bacterial
Helicobacter Pylori
Morganella bacteraemia
Staph Epidermidis bacteraemia
Klebsiella bacteraemia
Clostridium difficile
Tuberculosis bacteraemia
Streptococcus Pneumoniae Pneumonia
Fungal
Aspergillus

Parasite



3/10KaYeCTBEHHbIE HOBOOOPA30BaAHUS

CTpyKTypa 310KaYeCcTBeHHBIX HOBOOOPa30BaHHH y manHeHTOB ¢ [ JII

.
Muenonasoe HoB00Opaz0BaHHe ITHMOOHIEOS HOBOOOpazoBaEHe COIHIHOE HOBOOOPA30BAHHE

0%

Schram et al (2015)



Cunapom akTuBanuu MaKpo@daro Ha (poHe
AYTOUMMYHHBIX 3200/1eBAHUHA

HLH associated with defined rheumatologic conditions (macrophage

activation syndrome)

| dynkumm NK-kieTok

HLH associated with adult-onset Still disease l IKCHpecenn Hep(bOpI/IHa
HLH associated with systemic lupus erythematosus TSIRz, CD163
HLH associated with vasculitis

HLH associated with systemic onset juvenile idiopathic arthritis

HILH associated with other defined autoimmune conditions

HI_H associated with an undefined autoimmune condition

[Ipoaykiusa akTHBUPOBAHHBIX
Makpodaros

Al-Samkari H., Berliner N. Hemophagocytic Lymphohistiocytosis, 2018



LJII' accouuupoBannbii ¢ TI'CK

Pediatr Blood Cancer. 2012 Jul 15;59(1):110-4. doi: 10.1002/pbc.23384. Epub 2011 Oct 28.

Hemophagocytic lymphohistiocytosis after hematopoietic stem cell transplantation in children: a
nationwide survey in Japan.

Asano T1, Kogawa K, Morimoto A, Ishida Y, Suzuki N, Ohga S, Kudo K, Ohta S, Wakiguchi H, Tabuchi K, Kato S, Ishii E.
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CrieKkTp KJIMHAYECKUX NMPOSABJICHUN

JINXOPaJIKa KENTYXa
nmuMdaaeHOIaTHs \ / KOYKHBIE N3MEHEHUS
T~ INIIR ,  (merexum, mypmypa,
rermaro-, / SKXMMO3BI,
CIUICHOMET aJIus MAKyJIOnaIryIC3HaA
CBIIIb, SPUTPOAECPMHUS
HEBPOJIOTUYECKHE OTCYHBIH CHHIPOM

CHUMIITOMBI



CpaBHuTe/IbHASA XaPAKTEPUCTHKA KINMHAYCCKUX
MPOSABJICHUHU Y B3POCJbIX U IeTEeH

Clinical presentation

Pediatric HLH (1)

Adult-onset HLH (1, 4, 28, 38,
80, 101, 102)

Prognostic impact

Age (median, range)

8 months (0-15 years)
76% <2 years

49 years (41-67 years)

Case reports >70 years

Age <6 months and

>50 years, poor prognosis

Fever? (38.5°C for
>7 days)

+++++ (~100%)

+++++ (~100%)

Not defervesce in 3-7 days,

poor pI’()gﬂ()SlS

Splenomegaly® (tip >3 cm

below costal margin)

e

+++ (50-83%)

Potentially poor prognosis
in adults

Hepatomegaly®

+4+++ (95%)

+++ (18-67%)

Neurological symptoms

++ (33%)

+ (9-25%)

Poor prognosis children,
not as common in adults

Others

++ (<40%) edema, rash,
lymphadenopathy, jaundice

Al-Samkari H., Berliner N. Hemophagocytic Lymphohistiocytosis, 2018

++ (<33%) lymphadenopathy,
skin rash
++ (42%) pulmonary

involvement




OCO0EHHOCTH HEBPOJIOTHYECKHX
IIPOSABJICHUH

HeOnaronpusaTHBIN MPOTHOCTUYECKUI MPU3HAK




JTaNnbl IUATHOCTHYECKOI'0 IIOUCKA

1) Amnamne3

2) OOBEKTHBHOE HCCIIEIOBAHNE

3) JlaboparopHas JUarHOCTHKA

4) HucTpyMeHTalIbHAs TUAarHOCTHKA




JlanHHbIC aHAMHeE3a

*Hannune cinyyae 1 JII' B cembe

*Hamnyure 3710Ka4€CTBEHHBIX J—
HOBOOOPA30BaHUM, ayTOUMMYHHBIX g (

3a00JIEBaHNUM ) &

* MU IEMHOJIOTHUECKHUN aHaMHE?3

*2Onn30/1bl peppakTepHon EBV-
MH(EKIINN



JlaHHBbIE€ 00BEKTUBHOI'0 UCCJIEI0BAHUS

*[IocrosiHHas auxopanaka (t > 38,5°C)
JIumpaneHonarus

] erraro-, cruieHOMeTraiaus

*ChINb

*HeBposiornyeckrue CUMITOMBI




JlabopaTropHas JfMarHoCTUKA

* KIIMHUYEeCKUU aHaInu3 KPOBU

* BHUOXHUMHUYECKUI aHAIU3 KpOBU (OO
oenok, ACT, AJIT, JIJII', II1®, moueBuHa,
KpEaTUHWH, (PEPPUTHUH, TPUTITULICPHIbI,

* Koarynorpamma

* UMMYHOJIOTUYECKHE UCCIEIOBaHMS (mecm

Ha pyHKUuoHaIbHYI0 akmugHocmb NK-
kaemok, CD25, CD163)

* Uccneoosanue ypoeHsa pacmeopumvix
peuenmopoe UJI-2




KIIMHNYeCKMH aHAJIN3 KPOBH

Low blood count:

Red blood cells White blood cells Platelets
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bHOXHUMHYECKUN AHAJINU3 KPOBH U

KoaryjJdorpamma
Bocnanenue 7 YpOBHS (peppUTHHA
JIncpyHKIHS NeUYEHH T AJIT, ACT
| aktuBHOCTH JII1JI T TPUTITALIEPUIOB
JInCPyHKIMS IeUEHH + | dubprHOreHa

IOBBIIIICHHOE MOTPEOICHUE



UMMyHOJIOrHYeCKHEe UCCICI0OBAHUS

OneHka
LIUTOJIUTUYUCCKOUN

(byHKIMH

1CD25 (SIL2R)

sIL2R/dbepputun
TCD163



I ncronmaroiorn4eckKoe MCcjaeaoBaHue

deHoMeH remModarouTo3a



Jlpyrue rucronarojiorndyeckKkue
NCCJICeI0BAHUSA

Bone marrow aspirate and biopsy: morphology, flow cytometry, T-cell receptor
gene rearrangement (T-cell and B-cell lymphoma, Hodgkin lymphoma,
posttransplant lymphoproliferative disorder)

Peripheral flow cytometry in cytotoxic lymphocytes (NK cells, CD8" T cells) to
test for perforin staining indicating perforin gene mutations

Flow cytometry for reduced/absent NK cell perforin and CD107 is more widely
available than the NK cytotoxicity assay.

Lymph node biopsy (Castleman disease, histiocytic sarcoma, Hodgkin
lymphoma, DLBCL)

Liver biopsy (T-cell lymphoma, intravascular lymphoma, autoimmune hepatitis)
Skin biopsy (Kaposi sarcoma, intravascular lymphoma, DLBCL)

Lumbar puncture (herpes simplex virus encephalitis)

Kidney biopsy (lupus)

Splenectomy (NK leukemia)

Bronchoalveolar lavage/biopsy (fungal pneumonia)



AHAJIN3 CHIUHHOMO3IOBOM KUJIKOCTH™

Llens: yrouHeHHE qUardosa

v, ;
.:i’.’."" a




Laboratory or Pathologic
Finding

Pediatric HLH (%) (1)

Adult-onset HLH (%) (1,
4, 28, 38, 80, 101, 102)

Prognostic/diagnostic impact

Cytopenias of >2 lines®

+4+++ (~100)

++++ (>83)

Platelet count <40 x 10°/L,

Hemoglobin <9 g/dL. ++++ (88) +++ (67-94) poor prognostic sign in adults
Platelet count <100 x 10?/L ++++ (97) ++4 (78-94)
Absolute neutrophil count 44+ (69) +++ (60-69)
<1 x 10°/L
Hypertriglyceridemia® (fasting | +4+ ++-+ (45-85)
>265 mg/dL)
Hypofibrinogenemia? +++ ++ (36-70)
(<150 mg/dl)
Ferritin Higher initial or persistent
=500 ng/mL? +++++ (~100) ++++ (85-100) ferritin elevation, poor

>10,000 ng/ml

++++ (90)
Specificity 86%-96% (103)

++ (43)
Specificity 60% (104)

prognosis in children and
adults

sIL2R
>2,400 U/mL*?

+++++ (~100)

4444+ (~100)

Absolute level =10,000 U/mL
or slow rate of decline, poor

>5,000 U/mL ++++ (93) ++++ (90) prognosis in children
Specificity 77%

sIL2R/ferritin ratio >2.0 NR +++ (81) Elevated particularly in
Specificity 85% (105) lymphoma-associated HLH

Hypoalbuminemia +4+ (69) ++-++ (90-95) Poor prognosis in adults

Abnormal renal function +/=(9) ++ (16-52)

Abnormal liver function tests 444 (76) 44+ (71-100)

CSF pleocytosis ++ (40) Infrequently reported Poor prognostic sign in

children

Hemophagocytosis ++++ (92) ++++ (62-95) Amount of bone marrow

Bone marrow or spleen +++ (73) phagocytosis does not

Lymph nodes ++ (43) correlate with probability of

CSF ++ (31) HLH

Low/absent NK cell activity® NR ++ (36-67) 8—15% of adults had NK

NK degranulation <5%;
sensitivity 96%, specificity
88% (76)

studies sent

Pe3yabTarsl
JIAa00PATOPHBIX
UCCJIeT0OBAHUN

nanueHToB ¢ HLH

Al-Samkari H., Berliner N. Hemophagocytic
Lymphohistiocytosis, 2018



HNHCTpYMEHTAJIbHAA JUATHOCTHKA

MPT B pexxume FLAIR (A,C)

Deiva, K., et al., 2012



History and Physical Exam

(Family history of similar symptoms, fever >7 days, splenomegaly, recent
infection, malignancy, rheumatologic disorder, IBD, or immunosuppression)

E l Clinical suspicion for HLH?

Laboratory Evaluation
(CBC, BMP, LFTs, ferritin, fibrinogen, fasting triglycerides, sCD25, PT, aPTT, LDH, albumin)

ﬁl Lab work consistent with HLH

Pathologic and Genetic Evaluation

(Bone marrow biopsy and genetic testing for known HLH mutations )
*Note: Absence of hemophagocytosis does not rule out HLH

No
Trigger known? Additional Evaluation
& (Bacterial and viral studies, CXR, PET-CT,
- ANA, peripheral flow cytometry)
Rheumatologic Disorder Malignancy Infection Familial Idiopathic
Immunosuppression Disease-specific treatment, using  Antimicrobials HLH-94 protocol with the following exceptions:
(steroids + disease-specific treatment) etoposide as part of chemotherapy * replacement of cyclosporine with tacrolimus
regimen if appropriate * IT-chemotherapy only when evidence of CNS
EBV+ involvement

Refractory \ Or refractory

HLH-94 protocol with exceptions stated above

Refractory
or relapsed

All familial,
refractory
or relapsed

Allogeneic stem cell transplant



JIlnarnocruueckue kpurepuu HLH-1994

1) JIuxopanka
2) CrimeHoMeranus

3) LlutoneHus, mopaxaromas >2 JUHAN

['emorimoOnH <9 r / 1

KonnuectBo TpoMOonuToB <100 % 109 / n
AOCOII0THOE KOJIMYeCcTBO HEUTpohmiioB <1 x 109 / i

4) I'unepTpurauuepuaeMus U / Wi runo@puOpuHOreHEMHUS
Tpurnmuuepuasl >2 MMOJIb / T
®udpuHorex <1,5 r/n

5) I'emodaronuTo3 B KOCTHOM MO3Te€, CEIE3EHKE MU JUM(PATUYECKUX y3J1aX

ITocTaHOBKa AMarHosa : 5/5 KkpuTepuen



Jlnarnocruyeckue kpurepuun HLH-2004

1) JIuxopanka
2) CrimeHoMeranus

3) Llutonenus, mopaxaromas >2 JUHAN

I'emormoOuH <9 r / 1

KonnuectBo TpoMOomuToB <100 % 109 / 1
AGcoma0THOE KomdecTBO HerlTpodmioB <1 x 109 / i

4) I'unepTpurauuepuaeMus U / Wi runo@pruOpuHOreHEMHUS
Tpurnuuepuasl >265 mr / 1
®udpunorexn <150 Mr / i

5) I'emodaronuTo3 B KOCTHOM MO3Te€, CEIE3EHKE MU JUM(PATUYECKUX y3J1aX
6) Huzkas uinm oTCyTCTBYIOIIAs akTUBHOCTh NK-KIJI€TOK

7) ®epputrn >500 MKT / 11

8) sCD25 (sIL2Ra) >2,400 Ex / mut

[TocTaHOBKa nUarHo3a : 5/8 KpuTepuen



Hscore (Fardet et al.,2014)

1) Hannumne nMmyHOCYyIIpecCruu Ja (18); Het (0)

2) IloBblllIEHUE TEMIIEPATYPhI < 38,4 (0); 38,4-39,4 (33); > 39,4 (49)

3) YBenuueHne OpraHoB Her (0); I'enato-/cinenomeranus (23)
I'enaro — u crreHoMeranus (38)

4) LlutoneHus 1 muams (0); 2 nuanm (24); 3 nuauun (34)

5) ®epputuH HI/MIT <2000(0); 2000-6000 (35); >6000 (50)

6) Tpurnunepuibl MMOJIb/JI <1,5(0); 1,5-4 (44); >4 (64)

7) ®UOPHUHOTEH I/1 <2,5(0); >2,5(30)

8) ACT E/n <30 (0); >30(19)

9) IIpu3naku remodaromnuro3a B acnupare KM | J1a (35); Het (0)

OnTumaneHbIN 1opor — 169 6annoB (max — 337)



CpaBHUTE/IbHAA XapaAKTEePUCTUKA
HLH-2004 u HScore

HLH-2004 Score HScore
Parameter (Parameter Value) (Parameter Value)
Temperature, °C 0 (<38.5) or 1 (=38.5) 0 (<38.4), 33 (38.4-39.4), or 49 (>39.4)
Cytopenias® 0 (1 lineage) or 0 (1 lineage), 24 (2 lineages), or 34 (3 lineages)

1 (2 to 3 lineages)

Organomegaly

0 (no), 23 (hepatomegaly or splenomegaly),
or 38 (hepatomegaly and splenomegaly)

Splenomegaly

0 (no) or 1 (yes)

Ferritin, ng/mL 0 (<500) or 1 (=500) 0 (<2000), 35 (2000-6000), or 50 (>6000)
Triglycerides, mmol/L 0(<3)or1(=3) 0 (<1.5), 44 (1.5-4), or 64 (>4)
Fibrinogen, mg/dL 0(>1.5)0or1(=<1.5) 0 (>2.5) or 30 (=<2.5)

Aspartate aminotransferase, U/L

0 («30) or 19 (=30)

Known underlying
iImmunosuppression

0 (no) or 18 (yes)




IIpeumyinecrsa HScore

, Hopital ASSISTANCE HOPITAUX .
ap
AP-HP
Saisissez un mot ou une expression n Group, %
\ccurate
Chara “lassification
At init %* fim Lhopital | [# Consultations v| & Espacepatient v 8 Prendre rdven ligne Q@ Venirarhopital | ¥ Payezen ligne
Adapt 30
Adapt 30
H-sco '6
H-sco Score '3
H-sco 36
Maxin
Adapt '8
Adapt Known underlying immunodepression -—--Select ---- v N
H-sco '8
H-sco : )9
H-sco Maximal Temperature (C) ----Select ---- v 37
THy  Hepatomegaly ——Select - v
TCHVHJL\Y‘L ALANI N/ A LI ¢ VANJZANALA AV ALV JAVIANKIL L VJARAILALLIAN tIV\IJ JAALJ AL A A AL

http://saintantoine.aphp.fr/score/

Debaugnies, F. et al., 2016



IHIpMHIMOBI TEpaANUH

Crneuuduueckas

Hecnenuduueckas

[lenp: OCTAHOBUTH HEKOHTPOJIUPYEMBIM UMMYHHBIN OTBET



Uctopus tepanuu IJII" 10 1994 roaga

Ambruso et al.: nepBbie cirydan
ycnewHoro jeuenus [JII y neren

Fisher et al.: unayKIusa peMuccuu y
4-x nereu c [JII'

Fisher et al.: ycriennoe
npumeHenue TI'CK

Stephan JL et al.: uaayKius
PEMUCCUU C UCIIOJIb30BAHUEM
aJIBTEPHATUBHOM CXEMBbI

1980 .

1985

1986 .

1986 1

DTONO3HUI Pennuusel,
OCJIOKHEHHUS CO
croponsl [THC

Ortono3un, I'K, [IponokuTenbHasA
METOTPEKCAT pemuccust, HO
MHTPATEKAIbHO pELUINBBI U

+J1yqua;1 TCPpaIInsg JICTAJIBHBIC UCXO/bI Y

JIETEU C CEMENHBIM
1JIT

Metunnpeaau3onoH, LIcA,
AHTUTUMOILIMTAPHBIN IJIOOYIHMH



Ilporoxkoa HLH - 94

ITOMO3U
8 HENCIIb
JlekcameTazoH
JleTn ¢ ceMEeNHbIM LIcA
[JII'/mepcuctupyrommm - JlekcaMeTa3oH
tedcHueM 1 JII DTOIO3U]T
Metotpekcar u/T*

2

bycynbsdan
[{uknopochamua
DTOTO3UI

\ 4
TI'CK

Henter JI et al., 2002



IIporokoa HLH - 2004

8 HEIETh

JlekcaMeTa3oH

Jletu ¢ ceMEMHBIM [ LIcA

[JIT'/mepcuctupyrommum JlexcameTazoH MeTHITPETHA30JI0H
TeueHueM [ JII DTOMO3HU ] /
Metotpekcar u/T*

@ Pesynbrarer?

bycynbsdan
[{uknopochamua
DTOIO3U

¥
TI'CK

Henter JI et al., 2007



Jleuenue 1J11' y B3pocabIx

[IpOCIEKTUBHBIX UCCIEIOBAHUMN HE CYLIECTBYET

4

HLH-94
Anemty3yma0 (AT
bycynbdan . k CD52)
OnynapaOun

¥

TI'CK



Aaropur™m Jedenus 1J11' y B3pocibix

Rheumatologic disorder

Immunosuppression
(steroids, disease-
specific therapy)

Al-Samkari H. et al., 2018

Underlying trigger
for adult HLH

Malignancy Infection

Disease-specific therapy,
with inclusion of
etoposide if appropriate

Antimicrobial therapy

If refractory

HLH-94 protocol with replacement of cyclosporine
with tacrolimus and intrathecal chemotherapy only
with evidence of CNS involvement

If refractory
or relapsed

Allogeneic hematopoietic
stem cell transplantation

If EBV+ or refractory

Familial Idiopathic

HLH-94 protocol with replacement of cyclosporine
with tacrolimus and intrathecal chemotherapy only

with evidence of CNS involvement

If familial,
refractory,
or relapsed



Blood. 2015 Nov 5;126(19):2186-92. doi: 10.1182/blood-2015-05-644914. Epub 2015 Aug 19.

Multicenter study of combination DEP regimen as a salvage therapy for adult refractory
hemophagocytic lymphohistiocytosis.

Wang Y', Huang W', Hu L2, Cen X3, Li L* Wang J°, Shen J%, weiN', wang Z".

PesvabTaTel MOAH(HUHPOBAHHOH TepaNHH
60%

50% -

40%

10%

0%

IMox=snt oteeT JletaasHEm 2oxox B Teusnne 4-x HegeTs



Hecnenmuduueckas repanus

JIeueHre 0CHOBHOIO 3a00JI€BaHUS

JIeuenne nH(pEKIUN (aHTHOAKTEpHUAIbHAS,
IPOTUBOBHUPYCHASI, IPOTHUBOTPHUOKOBAs TEpaIKsl)
Jleaenue koarysoraruu

['-KC® no nokazanusim

KOMIIOHEHTHI KPOBH IO MOKA3aHUAM
3aMECTUTEIIbHAA [TOYEYHAs TEPAIHUS 110 ITIOKA3AHUIM
MuTeHcuBHAs Tepanus (MH(QY3HUOHHAS TEpaIus,
CTaOMIM3aLMsI TEMOAUHAMUKY, PECIIMPATOPHAS
OJJICPKKA)



IlpyMeHeHe KOMIIOHEHTOB KPOBH

KoMIoHeHT Ilokazanue Jlo3a

OputpouutapHas | Hb<80 r/n 10-20 ma/kr

Macca

TpomOoxkoHueHTpaT | TpoOMOOLIUTHI 1-2 no3e1 Ha 10 KT
<20*10°/n

C3I1 ['mmokoarymsitust | 20 MII/KT/CyT



JKCIIEPUMEHTAJIBHAA Tepanus

PykcomTruHuO

PRF1 (-/-) Rab27a (-/-)

JIL-6, IFN-y
| HEBPOJIOTHUECKUX
CUMIITOMOB

Maschalidi S., et al, 2016



IMmanaaymado (Novimmune)

" " Gamifant
‘2%, (emapalumab-izsg)

GENETIC
PREDISPOSITION

Jordan M. et al., 2015



Iloaxoabl K Tepanuu CHHAPOMA AKTHBALIMHA
MaKpodaros

Tepanus 1-u >
muanu HLH-94

Bricokue 10361 [ K

PedpakrepHOE TeueHUE

¥

AHaKHHpa
DTAHEPLECIT
Touunuzymao

Ravelli A. et al., 2015



JinppepeHumanbHasg THATHOCTHKA

* Cencuc

* [ eHepanmn30BaHHBIC IEPUHATAILHBIC HH(EKIAU

* CunzpoM Buckorra-Ongpuya

* OCTpBbIY JIEUKO3, FOBEHUJIbHBIM MUEJIOMOHOIIMTAPHBIN JIEHKO3
* | ucTuonuTo3 u3 KJIETOK Jlanrepranca

* BupycCHbI renarut, BUPYCHBIN SHIE(PATUT

CDez[epam,HLIe KIIMHUYCCKUC PCKOMCHAAIIUU 110 JICUCHUIO FeMO(I)aFOHI/ITapHOFO J'IHM(l)OFI/ICTI/IOI_[HTO3a



Suspicion of sepsis (with fever) and > 2 cytopenias or splenomegaly
; HLH nian

—E——— FERRITIN ‘?
resnoias for - . : -
HLH-2004 criteria Triglycerides/Fibrinogen CCIICHC.:
in Table 1 Consider hematological consultation
Additional !
information
in Table 3 Number of 5 above

/ HLH-2004 criteria fulfilled \

< 2/5 and Ferritin || £ 2/5 and Ferritin 5/5 or Ferritin

< 2,000 ng/ml > 2,000 ng/ TI/\ >10,000 ng/ml
Close .

Bone marrow

observation/ |+ aspiration/ biopsy

reevaluation

Low probability HLH if 2 5/6 (8)* criteria

of HLH; Reevaluation of missing parameters when
reevaluation when progressive symptoms
progressive symptoms Contact reference center

Machowicz, R., et al., 2018



Ilporuo3s

BeposaTHOCTS JeTanbHOro ucxoaa oe3 repamnuu npudamkaerca Kk 100%

A

[ [penKTOpBI HEOIATOPUATHOTO

UCXO/a: \

[ Bozpact meHee 6-TH MeCAIIeB B ) \ Byear cSum 645
Hadase Teparuu

[ BoBneueHne HEPBHOM CUCTEMBI

0 CkopocTh CHHIKEHHUS YPOBHS
depputrHa MeHee 50% Ha QoHe N
Teparuu .

- >
- b - e see

Cumulative survival (¢Su)

T T T Y Y Y Y
H g 4 " ]

Follow-up after start of treatment (years)

Machowicz, R., et al., 2018



KiiuHnyecKkum
cJIy4yau



AHaMHe3 3200/1eBaHUS

e [lanuent B. V.

* BHe3anmHo MosiBUINMCH 00JIb B JIEBOM YXE U ChIIlb B 00JIACTH JIE€BOIO
rina3a. O0paTuics B MECTHYIO KIIMHUKY

JInarno3: OnosiChIBAXOIIMM JIMIIIAM ?

$

AHTHOaKTEepHaabHas Tepaus



AHaMHe3 3200/1eBaHUA

Yepes HECKOIBKO JHEH — CEPO3HO-TEMOPPArnue€CKUE BbIICICHUS 13
yXa, HOBBIIICHHUE TeMIepaTyphl 10 (heopribHbIX Hudp (38,9°C).
OOpaTuiics K CBOEMY JieUalleMy Bpady

Jlnarnos: CpeaHui OTAT?

$

AMOKCHUITWIUINH



AHaMHe3

Hauasio tepanuu

AMOKCHITUJIIMHOM
KenymouHo-KuIIeyHbIe j\> Cmena Ab na j\> T —39,7°C
pacCTPOUCTBA TPUMETONIPUM
CyJIb(aMeTOKCA30 @

['ocnuranu3anus ¢
auarHo3oM «MacTtouaur»
Ha3nadeHbl
[HedpTpruakcoH+ALMKIOBUP



AHaAMHeE3 JKN3HU

OTCYTCTBYIOT YKa3aHHUs Ha PEBMATOJIOTUYECKUE, OHKOJIOTUYECKHUE
3a00JIEBAHUS, PEIIUIUBAPYIOIINE OTUTHI, TPABMbBI U OIIEPATUBHBIC
BMEIIATEIbCTBA.

Annepeonocuieckuu anamues: He OTATOICH

nuoemuoro2uyecKull anamnes: 3a I'PAHHUIY HC BbBIC37KAJl

Bpeonble npusvlukuy: KypeHHUe U yIoTpeOIeHUE HAPKOTUKOB OTPHUIIACT

LIpogheccuonanvuuli anammes: padoTaeT B chpepe HHPOPMALIMOHHBIX
TEXHOJIOTUHU

Cemeunviu anamnes. KEHaT, TPOE CTEU

Couuanbro-0b1mosble YCio8us: yIOBIETBOPUTEIbLHBIC, UMEIOTCS
JOMAIIHUE >KUBOTHBIE (COOaKa, Kyphl U TOJIyOH )




Pe3yabTarsl HCCJICI0BAHUHA

EBV 18 300 xkonuu / M
deppuTuH 31 000 Hr / M
Tpurnuuepu bt 1400 mMmomb / 11
['emorimoOnH 9.0r/ on

TpomMOOIUTHI 20 000 / MK



Taxumnuo? . WBJI, nepeBox B
['nnoxcemus OPUT

Koncynwratus remarosora: EBV-acconimupoBaHHbIN
reMo(parouTapHbIN JUMQPOTrHCTUOIIMTO3

“

Putykcumad 750 mr / m2
IgG 0,5 r/ kr B/B
AnakuHpa 100 Mr kaxapre 6 4acoB
METHWJINPEIHNU30J0H 1 T/ 1eHb B TeueHue 3 gueu, 1 mr
/ KT B ICHb CO CHMKEHHMEM J103bI Ha 10 MTI yepe3 ACHb.



B OPUT: BanKOMUILIMH, NUNEPALMIIIMH / Ta300aKTaM U TUKAPLWJIJIMH / KJaByJIaHAT

* B3sThl 00pa3iipl KPOBU HA UCCIIEA0BAaHUE (PYHKIIMOHAILHOM aKTUBHOCTH NK-
kieTok u sIL2R n mapkepsl nadeknui (Ehrlichia ITLP, AT" Histoplasma B moue,
AT k Leishmania, Legionella B kpoBu u Mo4de, anTuHYyKIeapHbie AT).

* Ha moceB oTmpasiieHbl 00pa3libl KPOBH, MOYH, OTJIEISIEMOE HOCOITIOTKH U YIIHOM
PAKOBUHBI

[TOT-KT: 3710Ka4€CTBEHHBIN ITPOLECC UCKITIOUEH
KT: orcyTCTBHE TPU3HAKOB BHYTPUYEPEITHOTO KPOBOUBIIUAHHUS

buoncusa KM: npusnaxu zemogpazoyumosa

v

JledeHnue 1o
nporokony HLH-94



3aKJII0YeHHUE

e ['eModaromuTapHbiii TUM(POTrUCTHOIIMTO3 — CEPhE3HOE 3a00JICBAHME,
KOTOpOE 03 JIeUueHUS IPUBOAUT K JICTaJIbHOMY HCXOIY

e JlaHHBIC O TAaTO(U3NOJOTMYSCKUX aCEKTaX pa3BUTHUS 3a00JICBaHUS
HEJI0CTATOYHbI

e HeOompI10€ KOJTMYECTBO UCCIEIOBAHNHN 10O DIIUIEMUOIOT A
3aTPYAHSET OLICHKY PEaIbHOM YaCTOThl BCTPEYAEMOCTH 3a00ICBaHUS

* | JlonnMaHue TOYHOTO NAaTOreHe3a 1 COBCPHICHCTBOBAHHUC
JAUATHOCTUYCCKUX KPUTCPHUCB I1IO3BOJIAT N30eXKaTh I'MITIOJUAI'HOCTUKHU U
yaAyudlmnuTb PpC3yJIbTAThl JICHCHUS U KAYCCTBO KU3HU ITAIIUCHTOB
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Croacuoo 3a
BHUMaHUue!



