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CHRONIC CYANOSIS, WITH POLYCYTHZAMIA AND ENLARGED
SPLEEN: A NEW CLINICAL ENTITY.

By WiLLiaM OsLER, M.D,,
PROFESSOR OF MEDICINE IN JOHNS HOPKINS UNIVERSITY.

THE group of cases here reported, with those collected from the
literature, are worthy of careful study, as we have here in all prob-
ability ““ a definite clinical entity and one which is new to medical
science,” to use the words of Saundby and Russell in describing their
case. The condition is characterized by chronic cyanosis, polycy-
theemia, and moderate enlargement of the spleen. The chief symptoms
have been weakness, prostration, constipation, headache, and vertigo.
A further analysis will be reserved until after the consideration of the
cases :

Klinicky obraz je dozajista zvlastni. Symptomy jsou jaksi nevymezené a patologie zcela temna.

Osler W. Chronic cyanosis, with polycythemia and enlarged spleen:
A new clinical entity. Am. J. Med. Sci. 126, 1903
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» Molekularni nalezy
» Lécebna odpovéd’
» Predispozice k MPN



Myeloproliferative neoplasms (MPN)
Chronic myeloid leukemia (CML), BCR-ABL1"
Chronic neutrophilic leukemia (CNL)
Polycythemia vera (PV)
Primary myelofibrosis (PMF)
PMF, prefibrotic/early stage
PMF, overt fibrotic stage
Essential thrombocythemia (ET)
Chronic eosinophilic leukemia, not otherwise specified (NOS)
MPN, unclassifiable
Mastocytosis
Myeloid/lymphoid neoplasms with eosinophilia and rearrangement of
PDGFRA, PDGFRB, or FGFR1, or with PCM1-JAK2
Myeloid/lymphoid neoplasms with PDGFRA rearrangement
Myeloid/lymphoid neoplasms with PDGFRB rearrangement
Myeloid/lymphoid neoplasms with FGFR1 rearrangement
Provisional entity: Myeloid/lymphoid neoplasms with PCM1-JAK2
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PV 1,08/100000
(0,02 - 2,8)

ET 1,65/100000
(0,59 — 2,53)

PMF 0,45,/100000

Phekoo et al., Haematologica/Hematol. J., 91, 2006, 1400 - 1404
Johansson, Semin. Thromb., Hemost., 32, 2006, 171 - 173



MPN - celkové preziti
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. . ET (20 let) vs. PV (24 let) vs. PMF (6 let):
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Survival

PMF — celkové preziti

CALR+ PMF JAK2+ PMF
(15.9 let) . (5.9 let)

Negativni PMF
(2.3 rokd)

10 15 20

Years
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Tefferi et al., Blood 2014



Genetické zmeny u Ph- MPN

Mutace nalézany u vice jak 90 % pacient

Identifikovano cca 30 genu, ve kterych jsou u MPN opakované detekovany mutace

Nejcastéji mutované geny lze zaradit k nékolika biologickym procesiim
* Prenos signalu (CALR, CBL, JAK2, NRAS, KRAS, MPL, NF1, PTPN11, KIT, FLT3)
RNA splicing (SF3B1, SRSF2, U2AF1, ZRSR2)
DNA methylace (TET2, DNMT3A, IDH1, IDH2)
Modifikace histont (ASXL1, EZH2, BCOR)
Transkripcni faktory (RUNX1, ETV6, CUX1, GATA2)
p53 draha (TP53, PPM1D)



MPN -, driver” mutace

(a) PV Driver Mutations (b)

1KZF1

PTPN1

U2AF1
IDH1
NPM1
NRAS
EZH2
FLT3
TPS3
ET Driver Mutations CBL
RUNX1
SETBP1
suzi2
DNMT3A
IDH2
SRSF2
KIT
CSF3R
SF381
ZRSR2
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SH283
ASXL1
TET2
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* Triple Negative

Greenfield et al., ] Transl Med. 2018



MPN - rekurentni mutace

A Recurrently Mutated Genes and Chromosomal Abnormalities

Bl Missense
M Inframe
60+ M Frameshift (+1 bp)
2 504 Fra'meshnct (+2 bp)
a B Gain
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Grinfeld et al., N Engl J Med. 2018



MPN -, driver” mutace

JAK-STAT
signaling

Chromatin %

modification )\:4'37(;2;7 3.\  Transcription
U 8 factors
S o e

Functional effects /> DNA damage
depend on o response
RUNX1 mutation o

Marneth et al., 2020
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NGS panely u MPN

e Diagnoza

* JAK2, CALR, MPL - mutované geny jako diagnosticky marker a prikaz
klonalni hematopoézy

e Progndza

 ASXL1, TP53, U2AF1, RUNX1, ZRSR2 — nezavislé markery spojené se
Spatnou progndzou a progresi do AML

e Predikce odpovédi na terapii
* TET2 a DNMT3A vs. Interferon

e Identifikace markeru pro sledovani zbytkové choroby

e Terapeuticky cil



NGS panely u MPN

Diagnodza
* JAK2, CALR, MPL - mutované geny jako diagnosticky marker a prikaz
klonalni hematopoézy

Progndza

* ASXL1, TP53, U2A
Spatnou prognoézo

Tyrozinkinazové inhibitory ve fazi klinickych studii u AML (midostaurin,
sorafenib, gilteritinib, crenolanib, quizartinib, atd.)

IDH1 a IDH2 inhibitory v klinickych studiich u AML

Predikce odpovédi n: (AG-120, AG-221)

* TET2a DNMT3A v

Ruxolitinib

Identifikace markeru Vemuratinib

Tyrosinkinazové inhibitory ve fazi klinickych studii u AML a systémové
mastocytozy (midostaurin)

Terapeuticky cil



NGS panel, kterym testujeme

¢ Komercni panel Archer VariantPlex Core Myeloid

. , , . . 0 50 190 130
« Set genl spojenych s myeloproliferativhimi onemocnénimi JAK2-VB1TF
25 50
* Velikost panelu 37 genii, 250 exon( —
I
* Metoda multiplex PCR, specifické primery z jedné strany,
| _§
amplikonové sekvenovani s UMI 2o
. . e v 't . P -
* Knihovny jsou sekvenovany na pfistroji NextSeq (lllumina) del20q
=
* Bioinformaticka analyza dat probiha jak pomoci software dodavaného -
vyrobcem, tak pomoci vlastni bioinformatické pipeline
cuxi-4m
o AKT1
Seznam genu v panelu AML1
ARNTL
CLSTN1
ABL1 CSF3R GATA2 NRAS TET2 del 7q
EVI1
ANKRD26 DDX41 IDH1 PHF6 TP53 FOXP1
ASXL1 DNMT3A IDHZ2 PTPN11 U2AF1 T
JAK2 other
BCOR ETNK1 JAK2 RUNX1 wr1
RAS
BRAF ETV6 KIT SETBP1 ZRSR2 MYBL2
PIAS2
CALR EZH2 KRAS SF3B1 PIK3R2
CBL FLT3 MPL SRSF2 PRMTS5
PTPRT
CEBPA GATA1 NPM1 STAG2 SH2B3




Nase nalezy (71 nemocnych)

— patogenni/pravdépodobné patogenni varianty
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Nase nalezy (71 nemocnych)

— patogenni/pravdépodobné patogenni varianty

jiné
CAL;R(yPWS 13% bez aberace
CALR ’

| 15%
u 11 pacientl (15 %) jsme nedetekovali aberace ve vybranych genech 13%
u 44 pacientl (62 %) jsme detekovali mutaci JAK2 V617F A

* U 27 pacient( (38 %) jsme detekovali pouze mutaci JAK2 V617F

u 14 pacientl (20 %) jsme detekovali mutace v genu CALR

* U9 pacientd (13 %) jsme detekovali pouze mutaci v CALR

celkem u jedné tretiny (24 pacienttd) jsme detekovali mutace v dalSich genech

mimo JAK2, CALR a MP

B
SRSF2 |
-

ANKRD26

KIT

CBL FLT3
CEBPA GATAl

Panel genli — mutované geny (modre)




Klonalni vyvoj — priklad 1

Dg ET
Progrese PMF
l Terapie HU l Terapie Jakavi
. _ ]
11 2011 6 2018 12 2019

klonl JAK 2:WalEl7Phe

klonla TETZ2:Trp564Ter

klonlb (PHFE:c.588+1G=A, TET2:GIN790Ter, TET2:Gly1275Arg, TP53: Tyrl63Cys)
klonlc ASXL1:GlyG46TrpfsTerl2

OEEE



Klonalni vyvoj — priklad 2

04.11.2011 28.06.2018 19.12.2019

i
T m . .
nenadorova populace 1 . I
de. B Kon 1 (JAK2 p.Val617Phe) sAMLT - tamr
B subklon 1a (TET2 p.Trp564Ter)
O

subklon 1b (TET2 p.GIn790Ter, TET2 p.Gly1275Arg, ASXL1 p.GlyB46TrpfsTer12, PHF6 ¢ 585+1G>A, TP53 p.Tyr163Cys)



Klonalni vyvoj — priklad 3

12.05.2015
30.11.2007 2509.2012 02.09.2014 23.03.2016

de. -

nenadorova populace

klon 1 (TET2 p.Asn170LysfsTer14, TET2 p.Lys1197Arg, SRSF2 p.Pro95Arg)

klon 2 (JAK2 p.Val617Phe)

subklon 2a (TP53 c.743G=A, TP53 c 476C>T)

klon 3 (BCOR p.Ser1024Ter, RUNX1 p Asp123GlyfsTer11, FTPN11 p.Pro4915er)

sAML T T arnrti

COmENE



Klonalni vyvoj — priklad 4

14.06.2005 16.08.2012 06.03.2014 04122018

dg. —
B nenadorova populace B klon 1 (JAK2 p.Valé17Phe) sAMLH Grmrti
O subklon 1a (TP53 p.Tyr220Cys) B subklon 1aa (ASXL1 p.Glu1102Asp)

B klon 2 (TET2 pArg1161LysfsTer13, ZRSR2 c 827+1G=A) O subklon 2a (TET2 p.Glu1318ArgfsTer45)



Monitoring lécebné odpovedi



PV - ropeginterferon alfa-2b

Alelicka naloz

Ropeginterferon arm Control arm

100% 100%

o . Bl BN B o L .
B0% 80%
70% 70%
60% 60%
50% 50%
40% 40%
30% 30%
20% 20%
10% 10%
0% 0%

Baseline Year 1 Year 2 Year 3 Year 4 Baseline Year 1 Year 2 Year 3 Year 4
JAK2 <50% M JAK2 >50% JAKZ =50% ®JAK2 >50%

Po prvnim roce lécby opétovny narust pacientd
s alelickou nalozi JAK2V617F >50% v kontrolnim
rameni

Trvaly pokles pacientl s alelickou nalozi
JAK2Ve17F 550% v ropeginterferon rameni

Kiladjian et al., ASH 2019



PV - ropeginterferon alfa-2b

Alelicka naloz non JAK2 mutaci— DNMT3A, TET2, ASXL1, EZH2

Ropeg
p=0.004

p=0.058

0.4

0.4

BAT

p=017

p=0.49

VAF

0.2

0.0

p-value based on paired t-test

VAF

0.2+

0.0

o S '
S o
€ &’
RO

Kralovics et al., IHEM 2020



ET — pegylovany interferon alfa-2a

Hematologicka odpovéd Molekularni odpoved

100 1 100 -
n=39
80 1 77% @ 80
©
S ] , e S
%’ Kompletni hematologicka odpovéd ?
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> 5ot s Y 2
o [ Zadna odpovéd S
o >
3 £
o
‘«c 40 9 N 407
£ 2
3 s |ln|k
- 20 A 20% <20 B pes
] 14 [
- .
3% T =
0 — wles <
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Mésice

Peg-interferon-2a indukuje dlouhodobé hematologické a molekularni odpovédi u pacientu s ET

Quintas Cardama et al., Blood 2013; Cssinat et al., N Engl J Med. 2014



ET — pegylovany interferon alfa-2a vs. ASA vs. HU

Molekularni odpoved’'— CALR+ ET

=
|

[=]
=]

% CALR
o33 8888 38
% CALR
2388883
% CALR
> 3 3 888838
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Figure 1: Evolution of CALR mutant allele burden (%CALR) with time.

Upper panel: Evolution of %CALR in each patient at different time points duringtreatment with PegiFNa (A), Aspirin only (8) or Hydroxyurea (C).

Patients with CMR or PMR are depicted in red while patients with no response or mMR are depicted in grey and black respectively.

Lower panel: Median %CALR before treatment and at the lasttime point during follow-up for patients treated with PegIFNa (D), Aspirin only (E) or Hydroxyurea (F)
IFNce interferon alpha; ASA: Aspirin; HU: Hydroxyurea.

Kralovics et al., IHEM 2020



MPN predispozice



MPN predispozice

Priklad z praxe

NM_016222.3:¢.536C>T NP_057306.2:p.Pro179leu | 50,38%
JAK2__ | patogenni NM_004972.3:¢.1849G>T NP_004963.1:p.Val617Phe | 57,77%

Doubek et al., IHEM 2020



Priklad z praxe

neJasny klmlcky vyn

MPN predispozice

“TNM 016222 3:¢.536C>T

NP_057306.2:p.Pro179Leu & 50,38% _

patogenni

NM_004972.3:c.1849G>T

NP_004963.1:p.Val617Phe  |57,77%

» Familiarni hematologické malignity (MDS/AML/MPN)
> DDX41, ETV6, JAK2, CHEK2, ATM, TERT...

Doubek et al., IHEM 2020



MPN predispozice

Priklad z praxe

ettt ; . ety ML_‘,"E- 1"_, E!ibi‘né - Q—:j’v’: .
DDX41 nejasny kllmcky vyznam NM 016222 3% 536C>T NP 057306.2:p Prol79Leu
JAK2 patogenni NM_004972.3:c.1849G>T NP_004963.1:p.Val617Phe

=
i?:ﬁ’“‘f &:., Ve imﬁi'

N 50,38% _

157,77%

» Familiarni hematologické malignity (MDS/AML/MPN)
» DDX41, ETV6, JAK2, CHEK2, ATM, TERT...

U pacientli IHOK

Doubek et al., IHEM 2020



MPN predispozice a NGS

Dulezitost NGS pro hledani dalsich klonalnich markert
Dulezitost hledani germinalnich defekti u MPN

Dilezité pro terapii

Molekularné orientovana terapie (negenotoxicka)
Sledovani |é¢ebné odpovédi (JAK2 mutation burden)
Sledovani klonalni evoluce

Doubek et al., IHEM 2020



Diagnoza

Prognodza
Predikce odpovédi na terapii
Identifikace markeru pro sledovani zbytkové choroby

Terapeuticky cil



Diagnoza

Progndza

Predikce odpovédi na terapii

Identifikace markeru pro sledovani zbytkové choroby
Terapeuticky cil

Spolecné projekty (MPN, SM — cfDNA)



Vétsina lékard, nejen hematologové, ma tendenci lécCit témér kazdou
odchylku co nejintenzivnéji, jak jen to jde. V hematologii trva snaha

srovnat vSechny pocetni odchylky leukocyti nebo trombocyti do
normalnich rozmeazi, at uz to pacient potiebuje nebo ne!

William Dameshek, 1968



