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International Scoring System for Evaluating Prognosis in Myelodysplastic

Syndromes

Peter Greenberg, Christopher Cox, Michelle M. LeBeau, Pierre Fenaux, Pierre Morel, Guillermo Sanz,
Miguel Sanz, Teresa Vallespi, Terry Hamblin, David Oscier, Kazuma Ohyashiki, Keisuke Toyama, Carlo

Aul, Ghulam Mufti and John Bennett

IPSS

BaOuog (score)

NMPOINQ2TIKOI MAPATONTEZ 0 0.5 1.0 1.5 2.0
BAdoteC puedov <5% 5% -10% -- 11% - 20% 21% - 30%
Kopuotumnog* KaAog Evélapeooc Kakog - --
Kuttopornevieg’ 0-1 2-3 -- -- --

0 0.5 1.0 1.5 2.0 =25

Opada kwvduvou XopunAog Evéiapeoog | Evéiapeoocg Il YynAog

Aapeon erupiwon, 5.7 3.5 1.2 0.4

€N

E€ALEN og OMA, £t 9.4 3.3 1.1 0.2

*KAAOG = QUOIOAOYIKOG, -Y, del(5q), del(20q); evdidueoog = AAAEC avwPaAieS; KOKOG = ouvBeTOG (> 3
AVWMAAIEC) ) AVWHAAIEC OTO XPWHOOWHA 7.
THb < 10 g/dL; ANC < 1800/uL; PLT < 100,000/uL.




IPSS Prognostic Score Value

Prognostic

Category 0.5 1 1.5
Cytogenetics Good Intermediate Poor
BM blasts, % <5 5-10 11-20 21-30
Cytopenias 0/1 2/3
Cytogenetic groups R 3
Good: normal, -Y, del(5q), del(20q) go D
Intermediate: any not considered good or poor Low 0
Poor: complex (2 3 abnormalities), chromosome 7 abnormalities
Cytopenias definitions -3 0510
Hemoglobin: <10 gm/dL Int-2 15-2.0
Neutrophils: < 1800°/L High 2258
Platelets: < 100 x 10%/L
100~
80~ n =235
§ “-
ﬁ 40+ n=171 n =295
& |
20-
o L ? — L) . . - L L) o L) ‘n'. “ Ll Ll L L L) . .
0 2 4 6 8 10 12 14 16 18 0 2 4 6 8 10 12 14 16 18

Overall Survival, Years Time to AML Evolution, Years



MEIONEKTHMATA IPSS

MeyaAUtepn PaplTnTa 0T0 TO000TO TWV PAACTWY A0 TIC
KUTTAPOYEVETIKEC AVWHAAIEC

v' Kartnyoplomoinon pe pdon 1o paivopevo Kai 6x1 To diTio

Ae diagpoporoicital n PapUTnTa TWV KUTTAPOTEVIWV
At AappaveTar uTtdyn n avdykn yid HETAYYIoEIC

Egpappoyh povo oe de novo MAZ
o Kardraén kata FAB
o TlepiAhaupdvovral mepiotatikd OMA, XMMA

Ox1 katdAAnAo pHovTéAo oTa XapnAoU Kivduvou MAZ
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Time-Dependent Prognostic Scoring System for
Predicting Survival and Leukemic Evolution in

Mye

lodysplastic Syndromes

WPSS

Score Kapudturog () Avaykn petayyioswyv ()
0 RA, RARS, 50- KaAog Oxt

1 RCMD Evéiapeooc Nou

2 RAEB-1 Kakog -

3 RAEB-2 - -

(1) Kapudtumoc : Kahoc = KO, -Y, del(5g-), del(20g-). Kakdc = oUvOeToC (23 avwpaAiec), i

QVWHAALEG 0TO XpwpOowHa 7. EviLapecog = 6AoL oL uTtoAoLroL.

(2) Avaykn petayyioswv opiletal To Alyotepo pia povada kabe 8 eBSoUASEC yia repiodo 4 pnvwv.

Score Opada kwvduvou Awdpeon emiPilwon, LAVEC E€EAEN o OMA, 2 €t
0 MoAU xapunAog 141 3%
1 XapnAog 66 6%
2 Evéiapeoog 48 21%
3-4 YYnASg 26 38%
5-6 MoAU vPnAdg 9 80%




B)

Prognostic WPSS Prognostic Score Value
Category |
RCUD, RARS,
WHO category MDS with RCMD RAEB-1 RAEB-2
isolated del(5q)
Cytogenetics Good Intermediate Poor
Severe anemia Absent Present

Cytogenetics are based on IPSS groups

Risk Risk Score

Category

Severe anemia defined as hemoglobin Very low o
<9 g/dL in males or < 8 g/dl in females Low 1
Intermediate 2
High 34
Very high 56
Overall Survival From Diagnosis Overall Survival From 24 Months Overall Survival From 48 Months
w— VERYLOW 100 100+
* - O ® 90" ® 904
- - w5 %] ; 807
£ £ o1 g 71
é £ 00" 3 cos
& 504 & 50+
409 404
é £ 309 g 30~
204 204
10" -] 10%
el | L J  J L] | J ) J L) . L) 0 L] L) ] L) L} L} . 0 L) ] | J | J L}
0 24 48 72 9 120 144 168 192 0 24 48 72 96 120 144 168 192

Time, months

months

L) L] L]
0 24 48 72 96 120 144 168 192
Time,



WPSS

Avuvapiké ovotnua.

Empiwon kai e€€AiEn oe OMA oe omoiadnmoTe oTiyun ThG CWAC Tou
aoBevoug

IdiaiTepo xphaoipo yia Thv Tpdyvwon acBevwy XapnAoU KivoUvou Kal
TOU owaToU XpOVou Yid HeTAHOoXEuon

Aev umtoAoyileTal n paplTnTa TNG oUdETEPOTIEVIAC - OpopPoTeviac
A¢e pmopei va epappootei ota MYN/MAZ
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Revised International Prognostic Scoring System for Myelodysplastic
Syndromes

Peter L. Greenberg, Heinz Tuechler, Julie Schanz, Guillermo Sanz, Guillermo Garcia-Manero,
Francesc Sclé, John M. Bennett, David Bowen, Pierre Fenauyx, Francois Dreyfus, Hagop Kantarjlan
Andrea Kuendgen, Alessandro Lewis, Luca Ma covati, Maric Cazzola, Jaroslav Cermak Christa
Fonatsch, Michelle M. Le Beau, Manlyn L. Slovak, Otto Krieger, Michael Luebber, Jaroslaw
Maciejewski, Silvia M. M. Magalhaes: Yasushi Miyazaki, Michael Pfeilsticker, Mikkael Sekeres,
‘Waolfgang R. Sperr, Reinhard Stauder, Sudhir Tauro, Peter Walent, Teresa Vallespi, Arjan A. van de
Loosdrecht, Ulrich Germing and Detlef Haase

IPSS-R

, AwGpeon Kivéuvog
fpoyvwottkeg Kapuotumnikég avwpalieg emBiwon e§€Agng oe HR
UTLOOUALOEC &m OMA, £tn OS/AML
MoAU KaAR Y, del(11q) 5.4 NR 0.7/0.4 -0.5/0.5
K®, del(5q), del(12p),
KaAn del(20q), 2 avwpaAieg mou 4.8 9.4 1/1
niepthapBavouv del(5q)
del(7q), +8, +19, i(17q), aAAot
. . , , 1.5/1.8 -
Evéiapeon Hovol ) dutAot aveEaptntol 2.7 2.5
. 1.6/2.2
KAwvol
-7, inv(3)/t(3q)/del(3q), 2 23/2.3
Kakn avwpalisg pe -7/del(7q), 1.5 1.7 o
. , 2.6/3.4
oUVOETOG: 3 avWHAALEG
MoAU kakn JUvOeTOC: >3 avwWHaALEG 0.7 0.7 3.8/3.6-

4.2/4.9




Score

fpoyvwoaTiKol 0 0.5 1.0 1.5 2.0 30 | 4.0
TTAPAYOVTEG
. [MoAU -- . -- . . MoAuU
Kapuétutrog KGAGC KaAog Evdidueoog | Kakog KAKGC
BAGoOTEG pUehol % | <2 - >2ka<5 | 5-10 > 10 N
Hb, g/dL > 10 - 8 éwc<10 | <8 — — —
PLT, x 10°/L =100 | 50-100 <50 E— — — —
ANC, x 10%/L >0.8 <0.8 - — — — —
KINAYNOX Score
ISR oar o Ta, 28 - -
g&’;::‘";"%; .O:.-, 353 MoAU xapunAég | <1.5 I P SS - R
39, %, .80 e %e -
[%.M' #ogpe 000G XaunAég > 1.5 éw¢ 3
LY o. .‘, .
.o ’O‘. @ e ° , ,
oo @ t::. ‘3 EvOiapecog > 3.0 €éwg 4.5
- ®.6 ’» ® ’9_ , ,
RPN YWYnAog > 4.5 €w¢g 6.0
MoAU upnAég > 6




Prognostic

IPSS-R Prognostic Score Value

12

Category 1 1.5 2
Cytogenetics Very good Good int Poor Very poor
BM blasts, % £2 >2<5 5-10 >10
Hemoglobin, gidL. | 210 8-< 10 <8
Platelets, x 10%L 2100 50-< 100 <50
ANC, = 10%L =08 <08
Cytogenetic groups Risk Risk Score
Very good: ~Y, del{11g) Category (for age 70)
Good: normal, del(5q), dei(12p), del(20q), del[Sq) + 1 additional Very low <15
Intermediate: del{7q), +8, +19, i{17q), other abnormalities not in >183
other groups
Poor: -7, inv(3)/t{3q)/del(3q), -7/del(7q) + 1 additional, complex (3 Intermediate >3-45
abnormalities) High >456
Very poor: complex (> 3 abnormalities) Very high >6
100
80+
R
g 60
c
)
Ew
20+
0 2 a 6 8 10 0 2 4 6 38 10
Overall Survival, years Time to AML Evolution, years



OEPATIEYTIKOI AATOPIOMOI, NCCN 2014:

IPSS, WPSS, IPSS-R



National

Comprehensive NCCN Guidelines Version 2.2014 NCCN Guidelines Index
NCCN Cancer M I d I . S d MDS Table of Contents
Network® yeloaysp astic yndromes Discussion

. .
PROGNOSTIC CATEGORY#? TREATMENT

IPSS: Low/Intermediate-1

IPSS-R: Very Low, Low, Intermediate PP
WPSS: Very Low, Low, Intermediate del(5q) * other
cytogenetic abnormalities

*» See (MDS-8)

Symp_tomatlc Serum EPO —+ s MDS-8
anemia <500 mU/mL See (MDS-8)
Clinically No del(5q) £ other
significant Supportive care ¢ cytogenetic abnormalities
zr'i?_l':::;z(:; —*|as an adjunct to Serum EPO < MDS.
treatment —> See (MDS-8)
marrow > 500 mU/mL
blasts
Clinically relevant I . Clinical trial
thrombocytopenia Azacitidine/decitabine Disease or
or neutropenia or or . progression/ |[—* |Consider allo-HSCT
increased marrow Immunosupp;gsswe No response 994 for selected IPSS
blasts therapy (IST) intermediate-1
or patientsff

Clinical trial

33Prasence of comorbidities should also be considered for evaluation of prognosis (See references 128-133 in the Discussion section).

bb]PSS-R Intermediate patients may be managed as very low/low risk or high/very high risk depending upon additional prognostic factors such as age, performance
status, serum ferritin levels, and serum LDH levels. If patients initially are managed as lower risk but fail to respond, move to higher risk management strategies.

¢ See Supportive Care (MDS-B).

ddResponse should be evaluated based on IWG criteria: Cheson BD, Greenberg PL, Bennett JM, et al. Clinical application and proposal for modification of the
International Working Group (IWG) response criteria in myelodysplasia. Blood 2006;108:419-425.

22Patients generally < 60 y, and < 5% marrow blasts or those with hypocellular marrows, HLA-DR15 positivity, or PNH clone positivity.

fIPSS Intermediate-1, IPSS-R and WPSS Intermediate patients with severe cytopenias would also be considered candidates for HSCT (hematopoietic stem cell
transplant): Allogeneic-matched sibling transplant including standard and reduced-intensity preparative approaches or matched unrelated donor (MUD).

Note: All recommendations are category 2A unless otherwise indicated.
Clinical Trials: NCCN believes that the best management of any cancer patient is in a clinical trial. Participation in clinical trials is especially encouraged.




National

Comprehensive NCCN Guidelines Version 2.2014 NCCN Guidelines Index

NGO Cancer . MDS Table of Contents
Network? Myelodysplastic Syndromes Discussion
PROGNOSTIC CATEGORY 22 TREATMENT
IPSS: Low/Intermediate-1
IPSS-R: Very Low, Low, Intermediate PP
WPSS: Very Low, Low, Intermediate
del(5q) * other cytogenetic No
abnormalities (for symptomatic | —— Lenalidomide99 ——— | responsedd — > Follow pathway below
anemia only) or intolerance
Epoetin alfa
(rHu EPO . Follow
- Antithymocyte No .
TG h .
Serum EPO + G-CSF No wd Good probability e globulin (ATG),ii |—» responsedd _, appropriate
< 500 mU/mL or ) response to respond to IST cyclosporin A or intolerance |Pathway
Darbepoetin alfa below
. hh
Symptomatic *G-CSF
anemia with N No )
no del(5q) Good probability to ___, ATGJ  ———» responsedd ———» Follow appropriate
respond to IST®* cyclosporin A or intolerance pathway below
Serum EPO Azacitidine/decitabine N Clinical trial
> 500 mU/mL or > reaponsedd —— |7
Poor probabilityto _ | |Consider lenalidomide or iﬁtolerance Consider aIIO-HSC‘._T for
— respond to ISTIl or selected Intermediate-1
Clinical trial patients ff
a3Presence of comorbidities should also be considered for evaluation of
prognosis (See references 128-133 in the Discussion section).
bb|PSS-R Intermediate patients may be managed as very low/low risk or MPSS Intermediate-1, IPSS-R and WPSS Intermediate patients with severe cytopenias
high/very high risk depending upon additional prognostic factors such as would also be considered candidates for HSCT (hematopoietic stem cell transplant):
age, performance status, serum ferritin levels, and serum LDH levels. If Allogeneic-matched sibling transplant including standard and reduced-intensity
patients initially are managed as lower risk but fail to respond, move to preparative approaches or matched unrelated donor (MUD).
higher risk management strategies. 99Except for patients with low neutrophil counts or low platelet counts. Recommended
ddResponse should be evaluated based on IWG criteria: Cheson BD, initial dose is: 10 mg/d for 21 out of 28 days monthly for 2-4 months to assess response
Greenberg PL, Bennett JM, et al. Clinical application and proposal for (See Discussion). Alternative option to lenalidomide may include an initial trial of ESAs in
modification of the International Working Group (IWG) response criteria patients with serum EPO < 500 mU/mL.
in myelodysplasia. Blood 2006;108:419-425. hhSee dosing of hematopoietic cytokines (MDS-10).
22Patients < 60 y, or those with hypocellular marrows, HLA-DR15 "Patients lack features listed in footnote dd.
positivity, or PNH clone positivity. liBoth equine and rabbit ATG have been used in patients with MDS (See Discussion).

Note: All recommendations are category 2A unless otherwise indicated.
Clinical Trials: NCCN believes that the best management of any cancer patient is in a clinical trial. Participation in clinical trials is especially encouraged.




OEPATIEYTIKOXZ AATOPIOMOX ANAIMIAZ
XapnAoU i evdiapeoou I kivduvou MDS

EPO <500 mU/mL EPO > 500 mU/mL; RCMD;
<2 URBC/mo >2 URBC/mo
del(5a) ESA =+ G-CSF , ! _—
Lenalidomide 1 . < 60 eTWy, ung;tigcipl;;i]oliuus/\og, HLA-
l IST— | ,
AZAIDAC AZAIDAC VO‘/ \"X'
Clinical Trial Lenalidomide
Clinical Trial AZAIDAC
IST ——— Lenalidomide
Clinical Trial
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Comprehensive NCCN Guidelines Version 2.2014 NCCN Guidelines Index
NCCN geznes:

M | d | t S d MDS Table of Contents
Network® yeloayspiasiic syndromes Discussion
PROGNOSTIC CATEGORY 22 TREATMENT
IPSS: Intermediate-2, High®®
IPSS-R: Intermediate,* High, Very High
WPSS: High, Very High " Azacitidine/decitabine
Yes — Allo- — I —|Or
Transplant HSCTmm.nn relapse Clinical trial
High-intensity candidate Response9d—» Continue
therapy —* |and
candidatecc!! Donor
available Azacitidine (preferred) (category 1)/decitabine ®°
or
No —— |High-intensity chemotherapyPP
or
Clinical trial No Clinical trial
responsedd|—s|or
Not high-intensity X J:;:acitidine (preferred) (category 1)/decitabinece | [or relapse Supportive care
i Al

therapy candidate ©© Clinical trial

#Presence of comorbidities should also be considered for evaluation of prognosis (See references 128-133 in the Discussion section).

¢cSee Supportive Care (MDS-B).

ddResponse should be evaluated based on IWG criteria: Cheson BD, Greenberg PL, Bennett JM, et al. Clinical application and proposal for medification of the
International Working Group (IWG) response criteria in myelodysplasia. Blood 2006;108:419-425.

fIPSS Intermediate-1, IPSS-R and WPSS Intermediate patients with severe cytopenias would also be considered candidates for HSCT (hematopoietic stem cell
transplant): Allogeneic-matched sibling transplant including standard and reduced-intensity preparative approaches or matched unrelated donor (MUD).

kk|PSS-R Intermediate patients may be managed as very low/low risk or high/very high risk depending upon additional prognostic factors such as age, performance
status, serum ferritin levels, and serum LDH levels.

IBased on age, performance status, major comorbid conditions, psychosocial status, patient preference, and availability of caregiver. Patients may be taken immediately
to transplant or bridging therapy should be used to decrease marrow blasts to an acceptable level prior to transplant.

mm Az acitidine, decitabine, or other therapy may also be used as a bridge to transplant while awaiting donor availability. However, these agents should not be used to
delay available HSCT.

NMHematopoietic stem cell transplant (HSCT): Allogeneic-matched sibling including standard and reduced-intensity preparative approaches or MUD.

“O\While the response rates are similar for both drugs, survival benefit from a Phase Il randomized trial is reported for azacitidine and not for decitabine

PPHigh-intensity chemotherapy:

« Clinical trials with investigational therapy (preferred), or

+ Standard induction therapy if investigational protocol is unavailable or if it is used as a bridge to HSCT.

Note: All recommendations are category 2A unless otherwise indicated.
Clinical Trials: NCCN believes that the best management of any cancer patient is in a clinical trial. Participation in clinical trials is especially encouraged.
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Ouwec...

Ynapxouv aoOeveic xaunAou kivduvou kata IPSS, IPSS-R
oV €X0oUV oAU Kakn KAIVIKA mopeia Kai €éKPaon
tapd Tnv evoedelyHévn Oepaneia

* AvAyKn yia véd mPOYVWOTIKA HOVTEAQ
* 2 TOXEUHEVEC Oepaneiec oe autn Tnv opada aocOevwv

« TlapakoAoUOnon MRD
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The two main components

of the epigenetic code

DNA methylation

[ethyl marks added
to certain DNA bases
repress gene activity

Histone modification
Acombination of different
molecules can attach to the
taills” of proteins called
histones. These alter the
activity of DWA wrapped
aroundthem.

~Histone tails

Mon-coding RMNAS

Chromosome




Genetic lesion

Putative biologic role

Clinical phenotype

Splicing machinery

SF3B1
UZAFT
SRSFZ

SF3AT, ZRSRZ
PRPFA0B, UZ2AFZ SFT

Altered RN A splicing
Altered RNA splicing, cell cyele arrest
Altered RN A splicing

Altered RN A splicing

Associatedwith ring sideroblasts
Highet risk of progression to sAML

Shorter cwerall sunyival,
higher risk of progression to sAML

Epigenetic regulation TET? Impaired comversion of S-methyleytosine to &-
tydrowymethylovtosing, increased self-reneual
DINAAT 34 Impaired Cpls site de novo methylation, increase in Shorter overall survival,
self-renewal and loss of differentiation capacity higher risk of progression to sAML
[OH 142 Froduction of oncometabolite 2-hydroxyglutarate,
inhikition of TETZ function
ASXLT Epigenetic dysregulation Foor prognosis
ATRX Decreased HEKZ7 me3 Severs anemia, acquired cethalassemia
ESHZ Decreased HAKZ med Foor prognosis
Transeription factor RUNXT Impaired differentiation Blasts high, low platelets, poor prognosis
ETVE Impaired differentiation Foor prognosis
Kinase signalling JAKE Activation of kinase signaling Frequent in RARS-T and MDSMPN
awerlap syndrome
WNRASHAAS Activation of kinase signaling Elevated blast counts, low platelets,
higher risk of progression to AML
MPL Activation of kinase signaling
c-CaL Activation of kinase signaling by loss of ubigitination More commaon in CMML
mediated degradation of signaling pathway members
DNA damage pathway  7P33 Impaired ONA damage response, genomic instability, Elevated blasts, thrombooytopenia,

associatedwith complex kanvotype and chromathripsis

poor Prognosis




The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Clinical Effect of Point Mutations
in Myelodysplastic Syndromes

Rafael Bejar, M.D., Ph.D., Kristen Stevenson, M.S., Omar Al . P . . . o
Naomi Galili, Ph.D.. Bjorn Nilsson, M.D., Ph.D., Guillermo G Table 1. Frequency of Mutation and Association with Median Survival.
Hagop Kantarjian, M.D., Azra Raza, M.D., Ross L. Le f edi ival
Donna Neuberg, Sc.D., and Benjamin L. Ebert, M. No. o M ian Surviva
Mutated Gene samples (26) (9524 CI) P value
N Engl ) Med 2011;364:2496-506.
Copyright © 2011 Massachusetts Medical Society. yr
All samples 439 (100) 1.86 (1.60—2.14)
TETZ2 90 (20.5) 1.88 (1.26—2.55) 0.48
IPSS ASXL1 63 (14.4) 1.33 (0.96—1.88) 0.003
RUNX1 38 (8.7) 1.16 (0.77—1.53) <0.001
’ ’ ()
XGUHAOU, ev0.1 kKivoUvou 66 % TP53 33 (7.5) 0.65 (0.44—1.10) <0.001
EZH2 28 (6.4) 0.79 (0.67—1.40) <0.001
) NRAS 16 (3.6) 1.03 (0.44—1.98) 0.006
KC(pUOTUTl’OC JAK2 13 (3.0) 2.14 (1.02-3.12) 0.96
(o) ’ () -
K@ 58 /o - O'UVGETOC_: 13 /o ETVG 12 (2.7) 0.83 (0.62—2.29) 0.04
CBL 10 (2.3) 1.52 (0.14—1.71) 0.02
IDH 2 9 (2.1) 1.58 (0.50-2.14) 0.03
NPM1 8 (1.8) 2.18 (0.59—2.74) 0.43
o ; . IDH 1 6 (1.4) 3.30 (0.35-9.52) 0.52
« 270 51.5% umipxe €éoTw Ka
3 I KRAS 4 (0.9) 0.89 (0.36—7.44) 0.54
Hia getaAAayn ! GNAS 3 (07)
PTPN11 3 (0.7)
° , BRAF 2 (0.5)
L >
18% 22 petahhayég TN ! 02
CDKNZ2A 1 (0.2)

* Median survival is listed for specific mutations present in at least 4 of the 439
samples (12&). A patient could have multiple mutations. The P values are for
median survival in the group of patients with a mutated gene versus the group
of patients without a mutation in that gene. Cl denotes confidence interval.




TP53

TET2

ASXL1

RUNX1

NRAS/KRAS/BRAF

CBL

JAK2 Il |

EzHz | I oo
IDH1/1DH2 |

ETve || 1
NPM1 |

Karyorype [T T

T 1T

I del(5q) alone +1 abnormality

I Complex I] MNormal or +Y

—7/del{7q) alone or

I +8 Alone

Other

del (20q) alone

Unknown

Figure 1. Mutations and Cytogenetic Abnormalities in 223 Samples with at |

Mutations in the 11 most frequently mutated gene groups are shown by co
a mutation in one or more of the genes listed. Darker bars indicate sample{
karyotype of each of the 223 samples is also shown.

* 2 UOoXETIiON HETAAAQYWV HE TTAPAYOVTEC
KivoUvou

v' KapuoTtumog, PAAOTEC, KUTTAPOTIEVIEC

Table 2. Hazard Ratios for Death in a Multivariable Model.*

Risk Factor

Age =55yrvs. <S5yr

IPSS risk group
Intermediate-1 vs. low
Intermediate-2 vs. low
Highvs. low

Mutational status

TP53 mjitation presen

RUNX1
ASXL1

EZH2 njutation present vs. absent
ETV6 mitation present vs. absent
utation present vs. absent

utation present vs. absent

Hazard Ratio
(95% CI)

1.81 (1.20-273)

2.29 (1.69-3.11)

3.45 (2.42-4.91)

5.85 (3.63-9.40)

t vs. absent 2.48 (1.60-3.84)
2.13 (1.36-3.33)
2.04 (1.08-3.86)
1.47 (1.01-2.15)
1.38 (1.00-1.89)

P Value
0.004

<0.001
<0.001
<0.001

<0.001

<0.001
0.03
0.047
0.049

* The model was generated from a stepwise Cox regression model that included
the International Prognostic Scoring System (IPSS) risk category (based on the

percentage of blasts in bone marrow, the karyotype, and the number of cyto-
penias [see Table 2 in the Supplementary Appendix]), age, sex, and mutation

status for genes that were mutated in 19 or more of the 428 samples for which

the IPSS classification was recalculated. Age was included in the analysis as a

categorical variable on the basis of a best-split algorithm showing a significant
difference in overall survival between patients less than 55 years of age and
those 55 years of age or older (see Table 8 in the Supplementary Appendix).
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Figure 3. Proportions of Patients with Mutations, According to Platelet Count, Blast Percentage, and Hemoglobin Level.
Data are shown for the platelet count (Panel A), percentage of blasts in bone marrow aspirate (Panel B), and hemo-
globin level (Panel C) at the time of bone marrow sample collection. The numbers in parentheses along the x axis indi-
cate the number of patients with a mutation in the gene [patients could have =1 mutated gene). Mutations in NRAS,
TP53, and RLUNX1 were significantly associated with severe thrombocoytopenia (defined as <50,000 platelets per cu-
bic millimeter) [P<0.001 for each comparison) (Panel A) and elevated blast percentage {defined as =5%) (P<0.00L,
P—0.005, and P=0.003 for mutations in the three genes, respectively) {(Panel B).
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TP53 Mutations in Low-Risk Myelodysplastic Syndromes
With del(5q) Predict Disease Progression

Martin fadersten, Leonie Saft, Alexander Smith, Austin Kulasekararaj, Sabine Pomplun, Gudrun Gohring,
Anette Hedlund, Robert Hast, Brigitte Schlegelberger, Anna Porwit, Eva Hellstrone-Lindberg,
and Ghulam J. Muft

* AoBeveic xaunAoU kivduvou pe del(5q) éxouv petaAdayég TP53 mou Toug
KaTataooouv ot uynAoU Kivduvou yia e€EAIEN oe OMA.

« O apiBuoc Twv peTalaypévwy KUTTapwy auéavel kata Tnv eEEAIEN Tne
vOoou.

« O kAwvoc TP53 mBavov va civai avOeKTIKOC oTh Ocparncia pe
AevaAidopidn kai oradiaka avfavel mapd Tn dpdAoTIKOTNTA OTA UToAoiTa
KUTTapa

* [eveTikn aoTadOceia - vEEC KAPUOTUTIKEC avwiaAieg
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Fig 2. TP53 mutations predict outcome in del (5q) myelodysplastic syndrome and are related to pb3 status. (¥) pb3++, proportion of marrow cells with strong pb3 staining by
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TP53 mutations in MDS and their impact on

patient outcomes

Retrospective analysis of the incidence and prognostic impact of TP53 mutations
in patients with del{5q) using next-generation sequencing

Patient characteristics (n=318)
+ Median age, years (range):
65 (17-72)

+ |PSS risk, n (%)
— low: 71 (24)
— int-1: 101 (32)
— int-2: 58 (18)
— high: 29 (9)
+ 40 patients (12%) received BM

transplant, IC, azacitidine or
lenalidomide

Multivariate analysist: TP53 mutational
status was the strongest predictorfor 0S

and PFS (p<0.0001forboth)

TP53 mutations are an independent
prognostic marker in patients with
del(5q) MDS

"Survival analysiswas censored attreatment date
TCo-variables: age, sex, YWHO subtype, IPSS risk,
*mutation s, progression free survival

TP53 mutational status

+ Patients with mutation, n (%): 30 (9.4)
- Median clone size, % (range):42 (2.5-93)

OS by TP53 mutational status*

p-cﬂ 0001 p-:u 002 Il wild type
B TP53 mutation
NR
(>66)
p<0.0001
1

All Isolated (:nmplex
patients del(5q)

Kulasekararaj AG, et al.
Oral presentation at ASH 2011. Abstract 792
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Impact of TET2 mutations on response rate to azacitidine in myelodysplastic syndromes
and low blast count acute myeloid leukemias

R ItzykS()n1'12, O Kosmider*'?, T Cluzeau®, V Mansat-De Mas*, F Dreyfus’, O Beyne;Rauzy", B Quesnel’, N Vey“,
V Gelsi-Boyer’, S Raynaud'®, C Preudhomme!”, L Ades', P Fenaux" and M Fontenay? on behalf of the Groupe Francophone
des Myelodysplasies (GFM)

Table 3 Response to azacitidine and response duration, according to TET2 gene status

Overall TET2 mutated TET2 WT P
Patients (n) 86 13 73
CR 20 (23%) 5 (38%) 15 (21%) 0.17
PR 1 (1%) 0 (0%) 1(1%)
mCR 11 (13%) 4 (31%) 7 (10%)
SD with HI 13 (15%) 2 (15%) 11 (15%)
SD without HI 23 (27%) 1(8%) 22 (31%)
Progression 15 (17%) 1(8%) 14 (19%)
Eady death (<4 cvcles) 3 (4%) 0(0%) 3 (4%)
Overall response (CR, PR, mCR) 32 (37%) 9 (69%) 23 (31%) 0.01
Overall response including SD with HI 45 (52%) 11 (85%) 34 (47%) 0.01
Response duration, mos 9.3 (1.7-20.0) 0.2 2.0-28.2) 7.1 (1.7-29.0 0.7

Abbreviations: CR, complete remission; HI, hematological improvement; mCR, marrow CR; mos, months; PR, partial remission; SD, stable

disease; TET2, ten-eleven-translocation 2.
Results are reported as n (%) or median.
ATET2 mutated versus WT.
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ORIGINAL ARTICLE

Impact of molecular mutations on treatment response to DNMT
inhibitors in myelodysplasia and related neoplasms

F Traina'*3, V Visconte', P Elson®, A Tabarroki', AM Jankowska', E Hasrouni', Y Sugimoto', H S:
MA Sekeres®, AS Advani®, M Kalay(ioi, EA Copelans, Y Saunthararajah1, ST Olalla Saad?, JP Maci

Table 2. Differences in treatment response based on mutational
status
Mutational status Total MNon- R, mCR. PR, Pl e™
n =92 res oo ndgers, S weithy MY,
96 n =70 (%) n =22 (%)
TETZ
wWild type 7S (B2) S8 (7F7) 17 (23)
Mutant 17 (18) 12 (F1) 5 (29) 0.54
LANATT 3
Wild type 854 (21) & (F9) 18 (210
Mutant 8 (9) 4 (S0 4 (S0 oo
ST AT
Wild Ty e B85 (92Z) &6 ([FE) 19 [(ZZF)
Mutant F B 4 (57) = (43) .35
TET2/DNMTIA
Me it her mutated a8 (F4) S5 (81) 12 (19
One or both 24 (246) 15 (62Z) 9 (38) Lo
mutated

TETZ/DNAT I AADH TAIDHZ

Mone mutated ad (FO) 51 (80 1= (20)

1 gene mutated 24 (26) 18 (F5) S (25)

Z2 genes < (4] 1 (25) F (F5) o.06"

mutated
ASXLT

Wild type a8 (F4) 53 (F8) 15 (22)

Mutant 24 (26) AF (F1) F (2o o.58
CElLT

Wikd Ty e BE (97F) a6 (7F5) FFE(Z5)

Mutant 3 (3 2 (100 — 1.0
rAas=

Wild type B9 (9E) 67 (75) 22 (25)

Mutant 2 (2} 2 (1oD) — 1.0
CBL/RAST

wild oype 86 (25) 64 (F4) 22 (26)

CEL or NRAS 5 (=) S (1OeD) — .33

mutant
sSFIET

wWild type 20 (B87) &1 (76) 19 (24)

Mutant 12 (13D 2 (75 3 (25) 1.0

Abbreviatdons: CHR complete remission: HlL hematalogical improswement:
miCR., marrow CR PR partial remission: SO, stable disease. “lUnless
otherwise moted, Fisher's ecact st for cavtegorical facvors with 2 lewels;
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ORIGINAL ARTICLE
Impact of molecular mutations on treatment response to DNMT
inhibitors in myelodysplasia and related neoplasms

F Traina"*3, V Visconte', P Elson”, A Tabarroki', AM Jankowska', E Hasrouni', Y Sugimoto', H Szpurka', H Makishima', CL O'Keefe',
MA Sekeres’, AS Advani’, M Kalaycioi, EA Copelani, Y Saunthararajah’, ST Olalla Saad?, JP Maciejewski”5 and RV Tiu™®
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Figure 1. Multivariate analysis results of clinical and laboratory parameters on response to 5-azacytidine and/or decitabine. (a) Multivariate
analysis for favorable treatment response (CR, mCR, PR and SD with HI) identified platelet counts=100 = 10%/, white blood cell (WBC)
count <3 x 10%1 and TET2 and/or DNMT3A mutation as predictive factors of favorable response. Odds ratios and confidence intervals (CI) are
indicated with a black dot and a line, respectively. (b) A risk stratification score that predicts response was built. The score was based on
counting the number of poor features present, where platelets< 100 x 10%, WBC = 3.0 = 10%, and TET2"" and DNMT3A" each counted as
one poor feature. The score identified three groups with significant differences in response to DNMT inhibitor treatment. 'Feature with the
better proanosis is listed first: “Wald test: *Cochran-Armitage trend test.
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Figure 2. Multivariate analysis results of clinical and laboratory parameters on progression-free survival (PFS) of patients treated with
S-azacytidine and/or decitabine. (a) Multivariate analysis identified factors independently associated with shorter PFS: poor cytogenetic ﬁaﬁj
agez= 60 years, hemoglobin = 10g/dl, treatment with regimens other than both S-azacytidine and dedtabine, and TET2YT and DNMTIAYT,
Harard ratios and confidence intervals (Cl) are indicated with a black dot and a line, respectively. (b) A risk stratification score that predicts PF5
was built by assigning points to each factor based on the parameter estimates of the final model. Summing these points, two distinct groups
of patients were identified. (c) Kaplan—Meier curves for the two risk groups. "Feature with the poorer progrnosis is listed first; ald test;

*Logrank test.
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Figure 3. Multivariate analysis results of clinical and laboratory parameters on overall survival (O5) of patients treated with S-azacytidine and/
or decitabine. (a) Multivariate analysis identified factors independently associated with shorter OS5 poorer cytogenetic risk, ASXLT™MUT,
hemoglobin < 10g/dl, age =60 years and 5F381"7, Hazard ratios and confidence intervals (CI) are indicated with a black dot and a line,
respectively. (b) A risk stratification score that predicts OS5 was built by assigning points to each factor based on the parameter estimates of
the final model. Summing these points, two distinct groups of patients were identified. (c) Kaplan—-Meier curves for the two risk groups.
"Feature with the poorer prognosis is generally listed first (hazard ratios= 1 indicate the first feature has the poorer cutcome; ratios

Time in Months

<= 1 indicate the first feature has the better outcome); 2 wWald test; * Logrank test.
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Clinical significance of SF3B7 mutations in myelodysplastic syndromes
and myelodysplastic/myeloproliferative neoplasms

Luca Malcovati, Elli Papaemmanuil, David T. Bowen, Jacqueline Boultwood, Matteo G. Della Porta,
Cristiana Pascutto, Erica Travaglino, Michael J. Groves, Anna L. Godfrey, llaria Ambaglio, Anna Galli,
Matteo C. Da Via, Simona Conte, Sudhir Tauro, Norene Keenan, Ann Hyslop, Jonathan Hinton,
Laura J. Mudie, James S. Wainscoat, P. Andrew Futreal, Michael R. Stratton, Peter J. Campbell, Eva
Hellstrém-Lindberg, Mario Cazzola and on behalf of the Chronic Myeloid Disorders Working Group of
the International Cancer Genome Consortium and of the Associazione ltaliana per la Ricerca sul
Cancro Gruppo ltaliano Malattie Mieloproliferative

Table 1. Proportion of patients carrying somatic mutations of SF3B1 in the study population

No. (%) of patients carrying

WHO category No. of patients studied No. of sequencing fallures” No. of evaluable patients SF3B1 mutations
MDS
RA 135 13 122 14 (11.5)
107 2 105 83 (78.0)
RCMD 102 ] 96 6(6.3)
54 2 52 30 (57.7)
RAEB-1 a7 4 83 7(8.4)
RAEB-2 57 4 53 6(11.3)
MDS del(5q) 22 0 22 4(18.2)
MDS total 564 3 533 150 (28.1)
MDS/MPN
CMML 67 5 62 4 (6.5)
@ 18 0 18 12 (66.7)
MDS/MPN, U 3 0 3 0
AML secondary to MDS 40 2 38 2(5.3)
All patients studied 692 38 654 168 (25.7)

*Failure was the result of insufficient sequence coverage.

tRCMD-RS was a separate MDS category in the 2001 WHO classification of myeloid neoplasms?! but was incorporated into RCMD in the 2008 WHO classification 23
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ChlinicalTrials.gov Search for studios: =

A service of the U.S. National Institutes of Health Advanced Search | Help | Studies by Topic | Glossary

Rank Status Study

1 Recruiting Collection of Biclogical Data With Potential Prognostic Relevance in Patients With MYELODY SPLASTIC
SYNDROMES

Condition: Myelodysplastic Syndrome

Collection of Biological Data With Potential Prognostic Relevance in Patients With MYELODYSPLASTIC SYNDROMES (O-MDS-Protocol)

This study is currently recruiting participants. (see Contacts and Locations) ClinicalTrials.gov Identifier:
NCT01291745

First received: February 7. 2011
Last updated:. NA

Last verified. February 2011
Information provided by: History. No changes posted
Fondazione Amelia Scorza Onlus

Verified February 2011 by Fondazione Amelia Scorza Onlus

Sponsor:
Fondazione Amelia Scorza Onlus

Full Text View Tabular View No Study Results Posted Disclaimer [Ell How to Read a Study Record

B Purpose
The present study is designed to determine the mutational status of markers (TET2 and PLCb2. cytogenetic aberrations) together with methylation status of the above genes using bone marrow and maiched buccal cell samples from MDS patients who necessitate to

start a treatment (i.e. EPO. Lenalidomide. Azacytidine). All patients included in the study will be followed for at least 2 years.

Condition

Myelodysplastic Syndrome

o Completed Prognostic Molecular Markers in Patients With Myelodysplastic Syndrome
Condition: Myelodysplastic Syndrome

Intervention: Genetic: spliceosome

Prognostic Molecular Markers in Patients With Myelodysplastic Syndrome

This study has been completed. ClinicalTrials.gov Identifier:
NCT02060409
Sponsor:
Samsung Medical Center First received: February 10, 2014
Last updated: February 11, 2014
Information provided by (Responsible Party): Last verified: February 2014
Jun Ho Jang, Samsung Medical Center History of Changes
Full Text View Tabular View No Study Results Posted Disclaimer [ How to Read a Study Record
B Purpose

In the era of hypomethylating agent in MD$ treatment. the investigators aimed to investigate the prognostic impact of mutations in spliceosome machinery genes (SRSF2, U2AF1, and ZRSR2) on the outcomes of 1st line decitabine treatment in MDS.

Myelodysplastic Syndrome Genetic: spliceosome
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Biological pathways and Frequency, Timing of mutation Relationship between mutant gene and Prognostic or predictive relevance of
genes et acquisitiont clinical phenoty pe mutant gene
RAMNA splicing
\.'/ SF3EB1 15307 Mora oftan a founding Strictly associated with ring sideroblasts Associated with good overall survival and
mutation phanotype (RARS, RARS-T) low risk of laukemic avolution
(X SRSF2 10207 Mara oftan a founding Associaled with RCMD or RAEB, Associated with poor ovarall survival and
d miutation co-mutated with TETZ in CMML high risk of lsukamic evolution
” LzAaFt <10%% Maora oftan a founding Mainly associated with RCMD or RAEB Associated with high sk of laukamic
d mutation evolution
ZASA2 <107 Maora oftan a founding Mot dafinad Mat definad
miutation
DMA methylation
TETZ2 20-307%% Mora oftan a founding Found in all MDS subtypas, high mutation | impact on owe @l survival, may pra
mutation fraquancy (50-50%) in CMML | Ji=] 58 10 h &l ting a 15
W DN T34 - 10%% Mora oftan a founding Found in all MOS subtypes, co-mutated with  Associated with unfavorable clinical outcoma
d mutation SF3B1 in RARS (negative prognostic ralavance mitigated
by SF3B7 co-mutation in RARS)
" 1DHTADHZ —~5% Mara oftan a founding Associaled with RCMD or RAEB Associated with unfavorabla clinical outcomea
d mutation
Chromatin modification
" ASXLT 15200 Mora oftan a subclonal Associaled with RCMD or RAEB, high Associated with unfavorable dlinical outcomea
d mutation mutation frequancy (40%) in CMML in all myaloid neoplasms (MDS, MDS/
MPM, MP M)
[ EZHZ —~5% Maora often a subclonal Associated with RCMD or RAEB Associated with unfavorable clinical outcoma
d miutation in all myaloid naoplasms
TranscHpticn
/"\ HUNX T 107 Typical subclonal mutation Associated with RCMD or RAEB Associated with unfavorable clinical outcoma
BCOR ~5% Typical subclkonal mutation Associaled with RCMD or RAEB Associated with unfavorable dlinical outcomea
DMA repair control
i TP53 —~5% Typical subclonal mutation Azsocialed with advancad disaase and Associated with poor owarall survival and
d complex karyolype, mutated in 20% of high rsk of lsukamic avolution, pradicts
patiants with MDS with dal(5q) poor response o lenalidomida in MDS
with dal(5q)
Cohesin
& STAG=2 <10 Mora often a subclonal Associalad with RCMD or RAEB. Mutaled in | Associated with unfavorabla clinical outcomea
miutation about 10% of pafiants with AML
RAS pathway
cBL <5% Mora oftan a subclonal Found in diflerent MDS subtypes, Mot defined in MDS
miutation associated with JMML in childran
NRASHKRAS <59 Mora often a subclonal Found in differant MDS sublypes, Mot defined in MDS
miutation associated with JMML in childran
NFT <5% Mora oftan a subclonal Found in diflerent MDS subtypes, Mot defined in MDS
mutation associated with JMML in childran
DMA replication
SETEBFP1 ~5% Mora often a subclonal Found in 25% of patients with aCML and in Associated with poor ovarall survival and
mutation subsats of patiants with advancad MDS or high risk of lsukemic avolution
CMML
Receptors
CSF3R <1% Founding drivar mutation in  Strictly associated with CHL, found in

CHL

a subsat of patiants with aCML

| Mutation typa may pradict response to

“Approximate proportion of patients with MDS carrying the mutant genea raportad in studias published so0 far.
tBased on valuas for mutant allale burdan or vadant allala fraquancy.
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Sunitinib, Sorafenib
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. Based on the genetic study by Papaemmanuil and colleagues, which of the following statements about
mutations in myelodysplastic syndromes (MDS) is most likely correct?

) Mutations in patients with MDS5 have been found in only 5 genes

CIMDS genome sequencing has shown mutations in genes implicated in RNA splicing, DNA modification,
chromatin regulation, and cell signaling

'In this study, about one-quarter of patients had one or more oncogenic mutations
/' Findings of this study do not support a genetic "predestination” hypothesis

. Your patient is a 62-year-old male with MDS. Which of the following statements about the association of
mutations in MDS with prognosis and other clinical outcomes i1s most likely correct?

(@) Clonal, but not subclonal, driver mutations were of great prognostic significance
[ Number of driver mutations was not associated with leukemia-free survival

) The interconnections between the cancer genome and MDS biology shown in this study have considerable
potential for clinical application

) Mutations involving RNA splicing do not appear to affect disease course ar outcomes

. Based on the genetic study by Papaemmanuil and colleagues, which of the following statements about gene
mutations in MDS and related neoplasms is most likely correct?

(@) Among oncogenic mutations identified in 43 genes, SRSF2 was the most frequently mutated in the cohort
) TET2 was mutated in 22% of the cohort

) Mutations in well-known cancer genes not previously implicated in MDS were not observed

© Oncogenic mutations were observed in IRF1 but not in CUXT

. Based on the genetic study by Papaemmanuil and colleagues, which of the following statements about
clonal and subclonal mutations in MDS and related neoplasms, and their effects on prognosis, is most likely
correct?

) of24 genes mutated in 5 or more patients, 8 genes were associated with significantly worse leukemia-free
survival if mutated
) Mutations in SF3B1 were associated with worse leukemia-free survival

) The investigators found a significant difference in leukemia-free survival between clonal and subclonal
mutations for the 6 genes with published survival effects in which =5 patients had subclonal driver mutations

) Detecting subclonal driver mutations is not helpful in determining prognosis



. Based on the genetic study by Papaemmanuil and colleagues, which of the following statements about
mutations in myelodysplastic syndromes (MDS) is most likely correct?

) Mutations in patients with MDS have been found in only 5 genes

@ MDS genome sequencing has shown mutations in genes implicated in RNA splicing, DNA modification,
chromatin regulation, and cell signaling

"ln this study, about one-quarter of patients had one or more oncogenic mutations
' Findings of this study do not support a genetic "predestination" hypothesis

- Your patient is a 62-year-old male with MDS5. Which of the following statements about the association of
mutations in MDS with prognosis and other clinical outcomes is most likely correct?

() Clonal, but not subclonal, driver mutations were of great prognostic significance
) Mumber of driver mutations was not associated with leukemia-free survival

@ The interconnections between the cancer genome and MD'S biology shown in this study have considerable
potential for clinical application

) Mutations involving RMA splicing do not appear to affect disease course or outcomes

. Based on the genetic study by Papaemmanuil and colleagues, which of the following statements about gene
mutations in MDS and related neoplasms is most likely correct?

© Among oncogenic mutations identified in 43 genes, SRSF2 was the most frequently mutated in the cohort
@ TET2 was mutated in 22% of the cohort

() Mutations in well-known cancer genes not previously implicated in MDS were not observed

© Oncogenic mutations were observed in /IRFT but not in CLUXT

. Based on the genetic study by Papaemmanuil and colleagues, which of the following statements about
clonal and subclonal mutations in MDS and related neoplasms, and their effects on prognosis, is most likely
correct?

@ Of 24 genes mutated in 5 or more patients, 8 genes were associated with significantly worse leukemia-free
survival if mutated
() Mutations in SF3B1 were associated with worse leukemia-free survival

) The investigators found a significant difference in leukemia-free survival between clonal and subclonal
mutations for the 6 genes with published survival effects in which =5 patients had subclonal driver mutations

() Detecting subclonal driver mutations is not helpful in determining prognosis




