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AlpodayokuTTaplko
ouvépopo - AM2
(Hemophagocytic

Lymphohistiocytosis —HLH)

Awpodayokuttapwon

AcuvnBLoTo, ameAnTLko yLa
™ {wn KAWLKO cUVépoOuO
urtep-pAeypovwdoug
avtibpaong

gepubpokuTTapa, P Yriep-€kKplon
AgukokUTTAPOQ, (katappaktng)
OLLLOTTETAALO KOLL TOL KUTTOPOKLVWV

npOSpopa Toug KiTTapa » loyupd Sleyeppévo aAld
OTO MUEAO TWV OCTWV Kall OVOTTOTEAEGLATIKO

Mokpodaya,
LoTLoKUTTOPO, KUTTApO AE2

0€ AAAOUG LOTOUG 0LVOGOTIOLNTLKO cUOTNUA

E. Ishii . Front Pediatr. 2016,
Jordan et al. Blood. 2011



AlLODAYOKUTTAPWON

Gars et al. Haematologica. 2018
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AMZ: omtavio ocuvopouo

AV KEL OTA LOTLOKUTTOAPLKA VOOjLOTOL

1 mepimtwon ava 3.000 elocaywyeg o€ €va
TpLtoBadpuio modLatpLkd VOCOKOUELD

Jordan et al. Blood. 2011
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Attioloyla

MNpwTtonoaBec (KAnpovouLKo)

e Owoyeveg HLH (PRF1, UNK130, STX11)

* JUVOPOUO OlVOCOOVETIAPKELOLG
(Chediak-Higashi, Griscelli-2, X-linked LPS)

Agvtepomnabec (emiktnTo)

* NOLUWEELC

e AutoAvooa voonuata

e NEOTAQOUATLKA VOCHOTO

e AvoookataoTtoAr) / Metapdoyxeuon




MNaBoduoioloyia

* [MaBoducloloyiko aitlo:

» 0)XL N alpopayoKuTTAPWOon

» aAAQL N OVETTOPKAC KUTTAPOAUTIKA LkavotnTta tTwv NK ko
TWV T-KUTTOPOTOELKWY AELPOKUTTAPWV

R Marsh. Front Immunol. 2018,
Contino et al. J Blood Disord Symtoms Treat. 2018




NoaBoducioloyia

viral infection
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NoaBoducioloyia

Hemophagocytic syndrome ‘
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J. Khosla, www.slideshare.net 2015
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MNepdopivn Kol oepACEC TNC TIEPPOPLVNC
(Perforin granzymes)

e 1999: n MPWTN KYEVETLKN» EPUNVELD

» avakaAvPn twv petaAAdéswv tng mepdopivne oe aoBeveic
ne AM2

Ak TeJournal o .
m Immun()l()gy Advanced Search

Articles » Info = Editors Submit » Subscribe =

Pillars Article: Perforin Gene Defects in Familial Hemophagocytic Lymphohistiocytosis.
Science.1999. 286: 1957-1959

Susan E. Stepp, Rémi Dufourcg-Lagelouse, Francoise Le Deist, Sadhna Bhawan, Stéphanie Certain, Porunelloor A. Mathew,

Jan-Inge Henter, Michael Bennett, Alain Fischer, Geneviéve de Saint Basile and Vinay Kumar

J Immunol June 1, 2015, 194 (11) 5044-5046;




Perforin granzymes: “serial killers”
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Lopez et al Trends Immunol 2012




A'rtoBec AM2

(Owoyevec — A'maBelc avoOOQVETIAPKELEC)

1,2 / 1.000.000 radia / €toc

5 YEVETIKOL UTIOTUTIOL VLA TO
olkoyevecg (FHL1-5)

>ApEpa > 20 YWWOTEC
LETAAAAEELC

10% twVv peTtaAAAéewv
AYVWOTEC

Méon emiBiwon ywpic
Jeparneioa < 2unveg

EKAUTLKOC TtapalyovTac yLa TNV
ekdNAwor tou: cuvnOwce n
Aoiuwén

Table 3. HLH-assoclated gene mutations

(Gane Location Disease

PRF {00212 FHL2

UNC10 {1025 FHL3

STxi B4 L4

RAB2TA 15021 Crisceli syndrome
STABR? fdpta FHLS

Unknown 02132 FHLI

SHDiA X425 ALP1

YAP X025 ALP2X-Inked HLH

LT 10421422 Chediak-Higashi syndrome

E. Ishii. Front Pediatr. 2016 ,
Jordan et al. Blood. 2011



B'rtaféc AMS

NoLpwEELg

A 2.38%

— lot (EBV, CMV, Parvo,
HSV, VZV, HHV-S,

\
| 4.76%

4.76%
measles, HIV)
W 4.76%
— Baktnpta: Brucella,
Gram (-), TBC 7.14% 7.14%
— MNapaotta: oy
. . . HCcMmv
Leishmaniasis S
LI1B19virus
— MUKNTEC -
B MP
[ Staphylococeus aureus rosenbach
W HSV

B Malignant lymphoma
] Unknown origin of diseases

Wang et al. J Blood Med. 2016



B'rta@éc HLH

Autodvooo voornpata:

— Neavikn PA

— 2EA

— Olwbdnc moAvaptnpitda
— [lvevpovikn capkoeidwon
— 2. Sjorgen’s

Macrophage activating
syndrome (MAS)

— Heilwyv, duvnTika
Bavatndopoc enuTtAoKN
TNC CUOTNHOTLIKAC
HOPPNG TNG VEAVIKAG
LOlomaBouc apBpitdac
ota radLa

Crayne et al Front. Immunol. 2019



B'rta®éc HLH

NeomAAOUATIKA

voonuata

— Nepdpwpata (NHL)

— Nevyalpuieg

— 'Oykol pecobwpakiov
Qo apyEyova
VEVVNTLIKA KUTTOPO

AvoookataotoAr — XMO -
MeTtapooyxevon

3:194 3-2%

=T or NK cell lymphomafleukemia

® B-cell lymphoma

» Non-specified hematologic neoplasms
uLeukemia

» Hodgkin lymphema

= Solid tumors

= Non-specified neoplasm

The tumor types of malignancy-associated HLH.

Wang et al. Oncotarget 2017



A'TtaBec vs. B'maBec AM2

Agv uTtapyxouVv 6/6 KAWVIKA N EpyQoTNPLOKA EUPHAHLOTO
H duoikn mopela tng vooou gival tTautoonun Kot ot SU0 ovIOTNTEC
H &/6 &gv elval to peilov KAVIKO pEANMA, 1 £ykalpn dlayvwon elvorl!

H nAwia propel va kateuBuvel tn dltayvwon
— (>80% tou HLH og matdla katw Tou £Touc eival o' tabec)

Qotooo, avadopec yia amodedelypeveg LeTaAANAEELC TNC TtEpdOPLVNG
N AAAWV oxeTW{OpeVWY e HLH yovibiwv umtapxouv Kol 0 eVNALKEC
£WC KAl 62 ETWV




A'TtoBec kal B'mabec AM2:
Ouelc Tou ibLou voonpatog;

Trigger
(infectious, malignant,
rheumatologic or
metabolic)

Lymphocytes
4 Cytotoxicity )
defect
(primary/genetic or
secondary/acquired) | ;. ntrolled cell -
L proliferation
-

Clinical presentation of
haemophagocytic
lymphohistiocytosis

Interferon gamma

Release of

proinflammatory g——
cytokines

\ Macrophage

An Pediatr (Barc) 2018;89:124.e1-8




Genetic type

PRF1 PRF1 UNC13D UNC13D
nonsense missense nonsense missense
CTL cytotoxicity
deficient ~ moderately remained low moderately remained
80 80 80 80
60~ 60 60 60~

40+ 40- / 40- 40- /
20~ 20 20 ./0/‘ 207

0"FH_OIIIOIIIOIII

251 &1 104 261 51 101 251 51 101 261 &1 101
Age at onset
Early infant >1 year old Infant >1 year old

FIGURE 3 | Corralation among genetic subtype, CTL activity, and age at onset of FHL. The cytotoxicity of CD8" T-call lines that were generated from
patients with different FHL subtypes was determined. Cytotoxicity was deficient in patients with FHL2 having PRFT nonsensa mutations and was very low in patients
with FHL3 having UNC130 nonsanse mutations but was moderate in those with missense mutations.

E. Ishii. Front Pediatr. 2016




KAwikn Elkova

Mupetog

rtAnvopeyaAia /
NIMATOUEYaALa

Nepdadevikn SLOykwon
TKTEPOC

E¢avOnpua

NeUPOAOYLKA CUUTITWHOTO
(omtaopol, mtpooBoAn
eyedaAlkwyv oculuylwy,

UNVLYYLOHOG, TiepLdEPLK
veupomabeLa)

AVOTIVEUOTLKI QVETIAPKELQ,
aLpoduvaLKn aotaBeLa
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Wang et al. J Blood Med. 2016




Epyootnplakad evpnuoto

KYTTAPONENIE2

— Mo ouyva: avatuia,
BpopBomnevia

— Mnxowviopoc:
e KataotoAn oo TNF-
a & INF-y

e KatavaAlwon otnv
aLpoPpayoKuTTAPWON

AIMOOATOKYTTAPQZH

— MUu€eAOC TwV 00TWV

— YAwo Bloyiag (nmap,
Aa)
— ENY

*** Mrnopet va amattnBouv
eTMAVEIANUUEVEC AN ELS




Epyootnplakad evpnuoto

> OEPITTINH

Mropei va avénbBet
(>10,000 mg/dl) peoa oe
ALYEC WPEC aTTO TNV
ekdbnAwon tov HLH

— > 500 mg/dl =
EvawoBnoia 82%,
Eldikotnta 42%

— >10.000 mg/ml =
EvawoBnoia 90%,
EldikotnTa 96%

MHXANIZMOz:

— MaBntikn €kAvon Aoyw
KUTTOPLKAC KATAOTPOPNC

— Auénuevn €kkplon armo ta
uaKpocI)ava Kol EKAUGON
KOTa TN OLAPKELD TNG
dayoKUTTAPWONG

— TovidLakn evepyormoinon
aro tov TNF-a

— Mewwpevn kabapon




Epyootnplakad evpnuoto

™ TPIFAYKEPIAIA

Mnxaviopoc:
— KataotoAn tng
ALTOTIPWTEIVIKAC ALItAong
armo tov TNF-a

J INQAOTONO

Mnxaviopoc:
— AlEyepon tou
TAQGLLVYOYOVOU aTto Ta

EVEPYOTIOLNUEVAL
Hokpodaya

™ Tpavoopuvaoesg n/kat
XoAepuBpivn, | Aevkwpata

MnXovIopoc:

— Awodayokuttdpwon
ATIOTOC

Evpnuota amno to ENY

MAglokUTTWON
Alpodayokuttapwon
MRI evpnuata




ALayvVWwOTIKA KpLTRpla

Moplakn dtayvwon cupBatn pe HLH

TouAdylotov 5/8 KALVIKO-EpYaOTNPLOKA KPLTHPLA

e [MUpeTOC

* YmAnvopueyaAia

e Kuttapormnevia (> 2 oelp£g)
e Hb <9 gr/dl (i 10 gr/dl ota veoyévvnta)
e PLT’S < 100,000/ul
e PMN < 1,000/pl

e Ynep-tptyAukepldaipia (>265 mg/dl)  urto-tvwdoyovarpia (<150 mg/dl)
e AlpodayoKuTTAPWOon oTo HUEAO 1| o€ Blogia nmartoc N A/a

o | Spaotnprotnta twv N-K kuttapwv

e Qeprrtivn > 500 pg/l

¢ AuaAutoc urtodoyxgac tne IL-2 (SCD25) > 2400 U/mll

Henter et al. Pediatric Blood Cancer. 2007



ALayvWwOoTLIKO KpLThpLa

« Inunoaocio éxeln éykaipn KAWLKA * Ta 5l°lVV;\00TlK,d KPlT,r'}\Pla urtopet
. . . va pnv mAnpouvtat OAa amno
unoxl.ua'& n €ykapn Evapén SLéyvwon
Oepaneiog
* A/6 amd AAAEC VOCGOAOYLKEC * EAeyyoc Amoroc kat KNE (av kot
ovtotntec / ouvdpopa dev evtdooovtal ota KpLtpLo)
— [MupetdC ayvwoTtou
aLtlohoyiag * O yovidLakog €Aeyxog sival
, , , XPOLUOC yla TNV Toutomnoinon
— Ofela nrotikn avemnapkela aoBsvwv uPnAol KvdUvou oA
— snoawia OxL amapaitntoc ya tn dtayvwon

o Kol TNV Evapén tne Bepareiog
— Kawasaki-like

— Neupoloywka cuvdpopa, * BonOntkog o avocodatvoTtumnog
Aotpwéec KNZ neplpePLKOUV alpotog



AvooodovOoTUTIOC TIEPLDEPLKOU OLLLLATOC

A Normal
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AvocodalvoTuTIOC TIEPLPEPLKOU OLLUOTOC

%CD25" cells

100 ,
r=0.882
80 | p<00001 o "
60 - o
o
40 | o
8
20 -
0 | e Y :
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sCD25 (pg/ml)

6000

Humblet-Baron et al. J Allergy Clin Immunol. 2016

CD3-PE

[A AND C] FL1 Log/FL2 Log - ADC
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10°

activated T
13.9%

strongly activated T
2.7%
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HLADr-FITC

Strongly activated T > 60%



Artapaitnta KALVIKA — EpyaoTnPLOKA «EPYOAELaY

Mo tn éiayvwon &
noapokoAolOnon

A/E, {wtika onuela
[eviKA ailpoatog + TTAQKAKL
B/X Amnatocg

Qepurtivn, TpyAukepidia,
lvwdoyovo

MueAoypappua

sCD25, sCD163,
Sdpaotnplotnta NK kKuttdpwy,
avooodalvoTtumnocg LUEAOU

Avocoodalpivec
US kotAlag, Ro Bwpakog
ONIN (& MRI eykeddaiou;)

* ’'EAeyxo¢ cuvoonpotntog —
EKAUTLKOU autiov — atttoAoyikoU
nopayovia

— loAOYLKOC EAEYXOC
— PeupatoAoyLkog EAeyXOC
— OYKOAOYLKOG EAEYXOC

e [eveTlkoC EAeyyoc AM2

 HLA tumomoinon mpv tnv €vapén
Bepareiag



2TOYOL TNC Bepareiag

H avTlHETWILON TOU EKAUTLKOU attiou / attoAoyikoU
napayovia
H kataotoArn tng umtepavoonc pAsypovwdouc avtidpaong

H Stakomn tou moAAamAaoLaopol Twv toBoAoyLIKwy
AeppokuTTApWVY

H umtokatdoToion TOU YEVETIKA TTALOXOVTOC LLUEAOU

YTTOOTNPLKTLKN aywyn




OeparmneuTiko TPwTtokoAAo (HLH 1996 - 2004) I'ISE@

SOCIETY

A

Dexa (mg/m<)

VIP-16

CSA

1.T. therapy
(Meathotrexate)

Dexa (mg/m®)

1.T. therapy
(Prednisolone and
Methotrexate)

- INITIAL THERAFPY - BMT / CONTINUATION THERAPY -
(dexamethasone daily) (dexamethasone in pulses)
10 mg | ' l l—l |—| r' rl l—l rl r'
5ma | || || || |1 I I I |1
2.5 mgl L Il 1 Il I I Il Il
125 maN || | Ll | | | L L
VWVvVW VvV V. vV Vv v Vv v v v v v v v v
TS S N R
1 2 3 A4 5 G 7 a8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
waeeks 25 26 27 28 29 30 31 32 33 34 35 36 37 38
39 40 41 42 43 44 45 46 47 48 49 50 51 52
- INITIAL THERAPY - HSCT / CONTINUATION THERAPY -
(dexamethasone daily) (dexamethasone in pulses)
10 mg | i | I i i (1 I I
5mg | I 1 I || || I I || I
2.5 mgl I 1 11 I 1 I I I I
125 maN_ 11 1| || 11 N | | 11 @]
VvVwWwvVvVwWYVvV V. VvV VYV v v v v v v v v
S A S
1 2 3 <4 5 6 7 a8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
weeks 25 26 27 28 29 30 31 32 33 3834 35 36 37 38 39 40




Overall survival in HLH-2004. pSu for all patients and for different subgroups in the HLH-2004

study.
A B
1.0 - 1.0
= = »
R ag{\ HH-2000 TR ¢ [wiispdunphagibatiiy
- 5yt pSu 61% (56 - 67%) =
2 2
Z 06 z 064
32 — |
w w
S e B a4 HLH-2004, verified FHL
2= = §-yr pSu 59% (52 - 67%)
= B
2 8
S 02 8 024
Q. Q.
004 0.0 4 P= 42
0 12 3456 7 8 910111213 14 0123 456 7 8 910111213 14
Years from start of treatment Years from start of treatment
Cc D
1.0 1.0
;I;) HLH-2004, 1994 -criteria t%
2 0.8 - O oTear o 08 HLH-2004, sibling with HLH
= 5-yr pSu 62% (56 - 68%) st 5-yr pSu 58% (45 - 75%)
2 8
2084 .. = 06
= ® FPhAeetlosnsssssssssssee = [ @ es e e r e st es
v v
B k=1
204 HLH-984 —. 0.4 HLH-94, siling with HLH
£ S—yr pSu 56% (50 - 63%) E S-yr pSu 56% (44 - 71%)
g 024 g 024
[+ W .
0.0 4 P= 15 0.04 P= 86
012 3 435 7 8 9 1011 1213 14 0123456 7 8 91011121314
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Elisabet Bergsten et al. Blood 2017;130:2728-2738
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2TOo)xoL TNC Bepareiog

1. KataotoAn tTng umtepavoonc avtidpaonc:
e AetapeBalovn
e y-odatlpivn
* KukAoomopivn
e EP peBotpetatn & vdpokoptilovn (vooog KNZ)

2. Oavatwon Twv maBoloyikd moAAarAactalOpevwy A/KUTTAP WV
e Etomooidn




2TOo)xoL TNC Bepareiog

3. Oepareia Tou UTTOKE(LEVOU Voo pHaToC / EKAUTIKOU TtapayovTa:
e Nolpwén
* NeomAaoUATLKH) VOOOC
e AUTOAVOOO VOO

4. MpodpUAAKTIKA / UTTOOTNPLKTLIKA Oywyn
— Ao Aolpwéelc (kotpLlpoéaloAn pos, ToTLKa
QVTLLLUKNTLOLOLKAL)
—  Ano awpoppayia (yaotponpodUAan, Hetayylon
TP oY WY WV apotoc)
— Awoduvapikn vrtootnpen (Cytosine Release Syndrome)




2TOo)xoL TNC Bepareiog

5. Ymokatdotaon Tou mAoXovViog 0VOCoOTOLNTIKOU CUCTAMOTOC:

EtepoAoyn UETAUOOXEUON ALUOTTOINTIKWV KUTTHPWV

EvOeileLc

* Owkoyeveéc AM2
e AvBektiko AMZ ) unotpomnialov AM2
e AM2 pe nmpooBoAn KN2

Npocoyxn

e Emhoyn 601N
e To&kotnta armtdo MMO (Reduced Intensity Conditioning - RIC)




XMO yia oAouc;;;
Eivat to AMZ veormAaouatiko voonua,;;

Artoduyn
ETUTAOKWV

ATtOoTEAECUATIKN
Oeparmneia




Clinical Suspicion of

i HLH
HLH Work-up
m 1) Work-up in progress -oe- l
Meets partial criteria -or-
Triggering Infection Improving Autoimmune dz or malignancy
-and- -and-
Clinically stable or improving Clinically stable
Meets dx criteria -and- Y
Clinically deteriorating
- Meets criteria -and- I [comne
Hu94 Bosed inducion | Clinically deterorating l | it
I PANTT 00N —.".~,I-:-_—"..v":..
| I Cinically improves Clinicalty improves
Clokallyim . Refractory disease Inflammation resolves Inflammation resolves
Inflammation resolves ‘ *
Preparing for HCT
Clinically Improves gene defect, CNS#, geop Thersmy
Inflammation resolves  persistent absent NX function PR _Long-term follow-up
recurrent/refractory dz P itbhin i Py
Recurrent disease | _ | Re-escalate
\J
Complete Induction I
St0p Therapy e | ——{iaiton * | Hematopoietic Cell Transplant

Figure 6. Treatment strategy for HLH. An algorithm for HLH treatment strategies in various clinical contexts.

Jordan et al. Blood. 2011



Amtopuyn EVTATLKOTIOLNMEVNC BepareLac...
e erttdpuAaén

Ye 0.0Beveic o€ KAAN YEVIKY | * AVTLUETWTILON TOU

KATAOTAON, ALLOSUVALLKA £KAUTLKOU Ttapayovta +/-

otaBepouc detapebalovn

Me cadrn atttoAoyiko / — AVTIPEUMATLKA aywyn

EKAUTLKO Ttapayovta (Ty — AVTIVEOTTAQLOLOLTLKE

pev LLOTLKO N VEOTTAQOLOTLKO oy Wy

voonua) — y-odbatpivn yla oyeveic
Aolpwéele, rituximab yla

2TEVN KALVLKA EBV

noapoakoAovOnon

OLeplocotepol acBeveic
Ba xpelaotouv
EVTATIKOTIOLNUEVN Bepareia Jordan et al Blood. 2011




Eldoc Bepameioc & mpoyvwon

50% Beparmneia pe HLH-2004
30% BOeparmeia pe oTEPOELON

10% LLOVO UTTOOTNPLKTLKN
Beparmeia

MARpnc vdeon oto 90%
aveéaptnta amno to £160¢ NG
Bepareiag

ApvnTikol TpoyvwaoTLKol
TIOPAYOVTEC:

— yoAepuBpivn > 1,8 mg/ml
— Qepitivn >20.000 ng/mll

100+

L Thils 1.8 and ferritins 20900 (r=55)
(N W TERTTITE FT T WU 0T T W BTN F R S

{,n JL UL 2Y| | T § 12 | SN (PRI |
¥ Thil<1.8 and farritine=20000 (=13}
=y L S wuwnonede il soven T HETEIPSEY e e 2 L P R A
S Toil>=1,8 and ferritin<20000 (n=17)
‘_v I. S ) i EEERE K S ——. |
S Thi>=18 ard farritin>=20300 (n=13)
= 60+
>
w
= 40+
©
S
)
A 204
c L) L L) L)
0 500 1000 1500 2000
Time (Days)
FIGURE 5 | Survival of patients with EBV-HLH. Ouicome of patienis with

EBV-HLH having both hyparbilrubinemia and hyperfaerritinemia at diagnosis
was sigreficantly poorar than for those having low bilirubin and ferritin levels.
Adapted from Kogawa et al. (44). Permission granted by John Wiley and
Sons.

Kogava et al. Pediatr Blood Cancer. 2014
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“Troxevovtac”’ T
KUTTOPOKIVEC:

— IFNy: Epamalumab
— JAK: Ruxolitinib

— CD52: Alemtuzumab
— IL-6: Tocilizumab

— IL-1: Anakira

— IL-8
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AMZ: amelAnTiko yia tn {wn cUVEPOUO HE TIOAU-CUGTNUOTLKN
NPOGBoAr) AOYyw UTIEPEKKPLONG KUTTAPOKLVWV

Alpodayokuttapwon # AM2
2 NUOVTLKN yLa TNV emBiwon: n €ykatpn dtayvwon

KAwvikn umtoia: eviote TtLo Loxupn amo ta SLayvVwoTLKA
KpLtnpLa

Oepareia pe SVO O0TOXOUC:
— 0l) TOV EKAUTLKO TtopaAyovTo Kol
— B) tnv avoootpomnomnoinon

OLteploootepol acBeveic Ba xpeltaotouv evtatikn Bepameia
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