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Farkli yontemler kullandilar...
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in Ph-like ALL

Distribution of kinase subtypes
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B-lymphoblastic leukemia/lymphoma
B-lymphoblastic leukemia/lymphoma, NOS
B-lymphoblastic leukemia/lymphoma with recurrent genetic abnormalities
B-lymphoblastic leukemia/lymphoma with 1(9;22)(q34.1;911.2);BCH-ABL1
B-lymphoblastic leukemia/lymphoma with t(v;11g23.3); KMT2A rearranged
B-lymphoblastic leukemia/lymphoma with t(12;21)(p13.2;922.1); ETVE-RUNXT
B-lymphoblastic leukemia/lymphoma with hyperdiploidy
B-lymphoblastic leukemia/lymphoma with hypodiploidy
B-lymphoblastic leukemia/lymphoma with t(5;14)(g31.1;932.3) IL3-IGH
B-lymphoblastic leukemia/lymphoma with 1(1:19){q23;p13.3); TCF3-PBX1
< Provisional entity: B-lymphobiastic leukemia/lymphorna, BCR-ABL1—I;
Provisional entity: B-lymphoblastic leukemiadymphoma with (AMP21
T-lymphoblastic leukemia/lymphoma
Provisional entity: Early T-cell precursor lymphoblastic leukemia
Provisional enfity: Natural killer (NK) cell lymphobiastic leukemiadymphoma

Arber D, Blood 2016



Diger subtiplere gore kotu sagkalim
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Kotu sagkalim oranlan!!

Study Ape (vears) Total (Ph-like) Frequency Ph-like O mes (Ph-like vs. B-other)

Jain et al. [20] 15-39 80 (33) 42% 5-yr OS (all ages) 23% vs. 59% (p = 0.
40-84 68 (16) 24%

Heroldetal. [19]  16-20 26 (5) 19% 5-yr DFS (all ages) 199 vs. 57% (p = 0.001)
21-39 68 (12) 18% 5-yr OS (all ages) 22% vs. 64% (p = 0.006)
40-55 45 (4) 9%
55-84 67 (5) 7%

Boer et al. [24] 16-20 24 (6) 25% 5-yr EFS (all ages) 24% vs. 429 (NR)
21-39 48 (9) 19% 5-yr OS (all ages) 33% vs. 50% (NR)
40-71 55 (6) 11%

Roberts et al. [23]  21-39 344 (96) 28% 5-yr EFS 24% vs. 61% (p < 0.0001)
40-59 304 (62) 20% 5-yr EFS 21% vs. 39% (p = 0.0021)
60-86 150 (36) 249 5-yr EFS 8% vs. 33% (p = 0.47)

Roberts et al. [21]  1-15 853 (108) 13% 5-yr EFS 58% vs. 84% (p < 0.001)
16-20 372 (77) 21% 5-yr EFS 41% vs. 83% (p < 0.001)
21-39 168 (46) 27% 5-yr EFS 24% vs. 63% (p < 0.001)

Loh et al. [17] 1-31 572 (81) 14% 5-yr EFS 63% vs. 86% (p < 0.0001)

Reshmi et al. [18] 1-31 1389 (284) 209




Stk m1 gorultyor?

[\

Clinical Trial Age Risk GGroup PIJZ‘JJ(E AL\Y Prevalence (%) Mo, Treatment Chateome Reference
[vears)
a0 I-1E high-risk / 31 \ 68 S5-yr EFS 25.9% = 10% Mullighan'
COALL 9297 o018 all / 19 \ 28 S-yr OF5 | 59.5% Dien Boer?
DCOG-ALL-89 018 all / 15 \ 10 Syr DFE | 57.1% Dien Boer?
AALLDZAZ I-1E high-risk l 14 \ 21 S-yr EFS G26% = 6.9%% Lok®
DO - ALL-B9 10 1-1E all I 184 \ e S-yr CIR 3% van der Veer”
Multiple trials \ Ruoberts™
1-15 standard-risk 10 13 — —
1-15 high-risk 12.7 33 S-yr EFS 58.2% = 5.3%
16-20 all 206 77 S-yr EFS 41.0% = T.4%
21-39 all 274 46 S-yr EFS 24 1% = 10.5%%
HOAM 16-71 all 17 21 I-yr EFS ~25% Boer”
GhMALL 15-65 all 13 26 Soyr OFR | 24% Hezold ™
Uiniversity Pennsylvania Tasian!!
18-39 all 259 T — —
40-88 all \ 1B.3 ’ 11 — —
Mfultiple trials \ I Roberms!?
21-39 all \ 279 / Qi S-yr EFS 24 1%
40-59 all \ 0.4 / 62 S-yr EFS 21.4%
G086 all \ 24 / I-yr EFS 2%
MD Anderson 15-84 all \ 331 / 40 Syr 05 3% Jain'®
5t Jude Toml XV 1-1E all \ 11.6 / 40 S-yr EFS Q0% = 4.7% Robers'*




Kimlerde daha sik gorulur?

Hispanic populasyon

Erkeklerde daha sik

GATA3 mutasyon daha sik

Down sendromu olanlarda daha sik
Daha yuksek |6kosit sayisi??



CRLF2 oldukca sik!!

B-other
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61%
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Jain N,Blood 2017




CRLF2 mutasyonu olanlarda remisyon
suresi ve sagkalim kisa!!
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IKZF,CRLF2 ve JAK mutasyonlar!
sik ve birarada!!l

Ph-like ALL
n=16
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BCP-ALL n=27
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-St.Jude yaklasimi-

Induction

HR B-ALL 8 veya 15 gen arastirmasi= LDA coefficient >0.5 olanlar

*l*

—» Ph+ — imatinib/dasatinib + chemotherapy

?
—> Ph-like —» CALF2+ — CHALF2-A (RT-PCA & FISH) —~P2RY8:
JAK1/JAK2 and IL7R —|GH?

l CHLF2- mutation analysis

v

Mot Ph-like RMNA sequencing
AT-PCRH analysis »  Fusion analysis

+¢ ¢ + 4‘
ABL class JAKZ fusion EPOR rearrangement
kinase fusions Other fusions

Archer dx FusionPlex panel

Tasian ,Blood 2017




Testing Algorithm For Ph-Like B-ALL
MD Anderson Trial

—

CRLF2 by

BCR-ABL1 by

Copy trlumber Analysis:
MLPA/SNP microarray

Flow Cytometry

FISH/PCR

Ty, e NE

0

Neg




Alman yaklasimi

1-CRLF2 ekspresyon analizi

2-ABL and Janus Activated Kinase (JAK) yolagini aktive
eden ve ABL1, ABL2, CSF1R, PDGFRB and JAK gibi

genleri icereren fuzyonlarin FISH analizi

3-ABL ve JAK fuzyon partnerlerinin identifikasyonu icin
flzyon spesifik RT-PCR

Fasan A,Blood 2015
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GMALL/Pediatrik rejim
-MRH fazla-

Response to induction

Evaluable N=19 N=40

Complete remission 19 (100%) 40 (100%) na.
Molecular remission 4/12 (33%) ‘9 (T9%) 0.02
(n=31 evaluable)

Long-term oulcome

Continuous complete remission 5 (26%) 24 (60%) 0.03
Death in complete remission 2 (11%) 3 (7%)

Relapse 12 (63%)‘3 (32%) 0.05
Median time to relapse (days) 122 (25-844) 555 (96-1248) 0.03



Pediatrik rejim vs Eriskin rejim

10 Regimen Total Died Median
: - Aug-BFM 19 12 452
w— HCVAD 18 11 325
p = 0.505
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No. At Risk Months
Aug-BFM 19 17 15 10 7 4 4
HCVAD 18 15 " 5 B 3 3

Jain N,Blood 2017



Total Therapy XV/St.Jude
-MRH (+)ligi daha sik-

BCR-ABL1-Like ALL

Yes No
Variable Mo, %o Mo. Yo P

MRD on day 19

< 5% 30 984 275 90.16 008

= 5% 9 26847 25 73.63
MRD at the end of induction

= 0.01% 24 860 255 91.40 001

= 0.01% 16 2581 46 7419




Total Therapy XV/St.Jude
-MRH bazli yaklasim olmali!!-

10 m..,... e 8B.4% +1.9% 10 T by 1% 2 13% 93.3% £ 3.0%
S e G ettt
.......... 92.5% + 4.9% 89.9% = 9.6%
0.8 1 90.0% + 4.7% 81.7% + 11.7% 0.8-
= 0.6 = 0.6
£ L
4] o
£ L
S 041 S 04
o o
0.2 BCR-ABL 1-like ALL {n = 40) 0.2 BCR-ABL1-like ALL (n = 40)
' == Other B-ALL {n = 304) : == Other B-ALL {n = 304)
P= P=41
T T T L T T L T T T T L T T
0 2 4 6 g8 10 12 14 0 2 4 6 8 10 12 14
Time (years) Time (years)
MNo. at risk MNo. at risk
BCR-ABLT-like ALL 40 39 38 37 37 35 36 31 26 21 14 B & 2 BCR-ABLT-like ALL 40 40 39 38 3B 36 35 34 29 22 15 8 6 2
Other B-ALL 304 302 291 287 283 275 258 225 180 134 89 80 34 17 Other B-ALL 304 304 297 291 290 288 278 243 195 147 99 66 37 18

Roberts K,JCO 2014




ALLOJENEIK HEMATOPOIETIK
KOK HUCRE NAKLI GEREKLI MI?

MRH(+)=>AHKHN endike...
MRH(+)= immunoterapi 2> MRH(-)???

MRH(-)=>APKHN endike mi??
—>hangi mutasyon var fark eder mi??

Pediatrik bazli tedavi almamis hastalarda MRH statusundan bagimsiz
AHKHN yapilmali mi??

Nakil sonrasi idame gerekli mi???



Hedefe yonelik tedaviler..

CRLF2
(TSLPR) EPOR GSFIR
apLz  fusions  ppgFRA
. . fusions fusions
ABL1
CRLF2 fusions

F232C IL7R

JAK inhibitors ABL inhibitors

PI3K pathway inhibitors

PI3K pathway inhibitors
HDAC inhibitors
anti-TSLPR antibodies & CAR T cells

FLT3R

O

other fusions

[ .

@D

FLT3 inhibitors
TRK inhibitors
FAK inhibitors

PI3K pathway inhibitors
MEK inhibitors

TASIAN S,Blood 2017




Hedefe yonelik tedaviler..

IC., (uM log10)

0.001 0.01 Q.1 : S {0

BMS-911543
Crizotinid

VOLOA EXVI 8
BHETBHAW €8
'BBYULTIEB
48847 IMVI €8
OAVI-diddlY 8
OOYI-GXYd €8
EXYIN-GALS €8
ETH+DIN EB
GHALBAW €8
118Y-LaSOY €8
¢18Y-LASOY £8
auend ea
HI480-6d4ESS €8

8Y490d 1483 €8

Roberts K,Blood Adv 2017



Abl class!

Inokuchi K, Wakita S, Hirakawa T, et al. RCSD1- ABL1-positive B lymphoblastic leukemia
is sensitive to dexamethasone and tyrosine kinase inhibitors and rapidly evolves clonally
by chromosomal translocations. Int J Hematol. 2011; 94(3):255-260.

Lengline E, Beldjord K, Dombret H, Soulier J, Boissel N, Clappier E. Successful tyrosine
kinase inhibitor therapy in a refractory B-cell precursor acute lymphoblastic leukemia
with EBF1- PDGFRB fusion. Haematologica. 2013;98(11): e146-e148.

Schwab C, Ryan SL, Chilton L, et al. EBF1- PDGFRB fusion in pediatric B-cell precursor
acute lymphoblastic leukemia (BCP-ALL): genetic profile and clinical implications. Blood.
2016; 127(18):2214-2218.

Frech M, Jehn LB, Stabla K, et al. Dasatinib and allogeneic stem cell transplantation
enable sustained response in an elderly patient with RCSD1-ABL1-positive acute
lymphoblastic leukemia. Haematologica. 2017;102(4):e160—e162.



Induction

HR B-ALL

*l*

—» Ph+ — imatinib/dasatinib + chemotherapy

Post-induction

—» Ph-like —» CRLF2+ —= CHLF2-R (RT-PCR & FISH)
JAK1/JAK2 and IL7R AALL1521
CRLF2- mutation analysis ruxolitinib
Mot Ph-like *
: — RMNA sequencing
l RT-FCR analysis »  Fusion analysis
| y v |
Risk-adapted
chemotherapy ABL class JAKZ fusion EPOR rearrangement

kinase fusions

Post-induction

AALL1131
dasatinib

Other fusions

Fost-induction

AALL1521
ruxolitinib

Tasian ,Blood 2017




Table 2, Curvent clnicaltrils of TKI-based therapies n chikdren and aduls with Phke ALL

PPk ALL alerations Kinase Inhiitor Disease status Age,y Clcal tria

ABL clss Dasalin Nty dagnosed &) NGTO1406756 (COG AALLI1AY)
ABL clss Dasaln Ny dagnosed M8 NGTU31 17751 [SJCRH Total AV
ABL class Dasatn Relapsed | NCTO2420717 (MDACC)
CRLF2UAK pathy Rultinb Newly dagnosed 21 NGTO2723994 (COG AALLIS2A
CRLF2UAK pathvy Rultinb Newly dagnosed M8 NCTO3t1775 (SJCRH Tota XVI)
CRLF2UAK pathvey Rultinb Relapsed 2] NCTOR420717 (MDACC)




€ blood

Efficacy of Tyrosine Kinase Inhibitors in Ph-like Acute Lymphoblastic Leukemia harboring ABL-

class Rearrangements

) WEC ) ) Prednisone MRD response Tlme tcf TKIl TKI TrEE'll‘_I'IEI'It First MRD Bgsl MRD Survival
Pt Fusion gene Sex | Age 4 IKZF1 Front-line trial response N . initiation N combined post-TKI in CCR HSCTH
(x10°/L) (DB} to inductiont (days*) (dose, mg daily) with TKI (days**) (days**) {months)

Patients in first line

#1 EBF1-PDGFRB M | 16 167 del FRALLE-20008 Poor 10" 55 Imatinib (400} Chemo ] sx10° (21) Meg (50) Y Alive in CR1 (62)
#2 | EBFI-PDGFRB | M | 11 | 154 wt FRALLE-20008 Poor 10 44 Imatinib {300} Chemao Neg (44) Neg (44) N Alive in CR1 (50)
#3 | EBFLPDGFRB | M | 5 23 wt FRALLE-20004 Poor No CR {35%) 39 Imatinib (MA) Chemo | »>107 (18) Neg (45) N Alive in CR1 (50)
#4 | EBF1-PDGFRB M | 15 31 wt | EORTC 58081-8R1 Good 5x10° 137 Imatinib (500} Chemo Neg (109) Neg (109) N Alive in CR1 (43)
#5 EBF1-PDGFRB M | 17 5 wt CAALL-D1 Good Mo CR (60%%) 38 Imatinib {550} Chemo | 4x10° (48) | +<10-4(62) ¥ Alive in CR1 (23)
#5 EBF1-PDGFRB M | 36 45 wt GRAALL-2014 Poor Bx10° 44 Imatinib (400} Chemo +<10¢ (35) Meg (78) Y Alive in CR1{23)
#7 | NUMA1-PDGFRE | M | 61 4 wt VCR-DEX-Ritux Good 1x10° 39 Dasatinit (100) Chemao ] Neg (67) Neg (67) N Alive in CR2 (36)

a T =t0 = 2107 (91) | 1x10-4 (252) o
#3 ETVE-PDGFRE F [ 72 16 wt EWA N Alive in CR1 (29)
Ortanca 2.5 ayda Neg (120) | _Neg U20]
#a ATF7IP-PDGFRE F | 54 13 wit GRAA x10° (15) Meg (77) M Death in CR2 {16)
crrev -
10 NUP214-ABL1 M | 16 30 del EQRTC 5 %78 M RH negatlfllgl o C;R (23) No CR{23) Y Alive in CR1 {45)
5107 (71) | 1x10-2 (114)

#11| NUP212-ABL1 | M | 17 | 114 del FRALL 9 h asta A P K H N 107 (26) Neg (54) ¥ Alive in CR1 (43)
#12| NUP214-aBL1 | F |24 | 11 | del | FRAU] § Relaps hastanin hepsi TR'Z'Si MRH (-) Neg (65) Neg (65) Y | Alivein REL1 (29)
#13 NUP214-ABL1 F | 31 70 del GRAA . MNA NA N Death in REL1 (9)
#14 | NUP214-aBL1 | M | 18 18 wt GRAALL-2014 NA No CR {2%) 70 Dasatinit (100) Chemo | Bx107(14) Neg (125) ¥ Alive in CR1 (11)
#15| RCSD1-ABL1 F | 26 29 wt GRAALL-2014 Good Bx1o” &9 Dasatinib [NA) Chemo ] 2x10° (85) | 5x10-4 (125) ¥ Alive in CR1 (27)
Ll LSM14A-ABL1 M | 36 390 del VCR-DEX-Ritux Poor Mo CR {7%) 45 Dasatinib {MA) Chemeo No CR (15) NA M Death, REF (2)
#17 | ZC3IHAV1-ABL2 M | 27 30 del GRAALL-2014 MNA ox10* 58 Imatinib (600} Chemo | 210® (44) Meg (175) Y Alive in CR1 (B)
#18 | MEF2D-CSFIR | M | 34 89 wt GRAALL-2014 Poor 1x10° 20 Imatinib (MA) Chemao 1x10" (36) Neg (147) N Death in REL1 {13)
#19 | ZMYM2FGFRL | M | 23 53 wt GRAALL-2005 Paoor No CR {5554) &7 Ponatinib (30} Chemo | 2x10° (39) | 2x10-3(175) N Deathin REL3 (37)
Patients in relapse
#20 ETVE-ABLL M | 12 MNA del FRALLE-20008 Good +<10” REL1 Dasatinil (100) Chemo ] Neg (25) Meg (25) Y Alive in CR2 (124)
k21 ETVE-ABLL M | 14 570 del FRALLE-20008B Poor 107 REL1 Imatinib (MA) Chemeo 1x10" (21) +<10-4 (43) Y Alive in CR2 (59)
#22 | RANBPZ-ABL1 F |20 6 del GRAALL-2005R Good <10* REL2, REF | Dasatinib (140) Chemo | 7x10°(60) | 8x10-3(87) N Death in REL3 (28]
#23 ETVE-ABLL F | 61 10 wt EWALL-BB Paoor Mo CR (755%) REL1 Imatinib (400) Chemo 5x10° (34) Neg (245) N Deathin RELZ (28)
#24 | NUP214-ABL1 Flis | 237 del | EORTC 58081-VHR Poor >10° REL3 Dasatinib (140) | Chemo, DLI | 3x10” (27) NA N Death in RELS (60)

Tanasi, Blood 2019
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Efficacy of Tyrosine Kinase Inhibitors in Ph-like Acute Lymphoblastic Leukemia harboring ABL-
class Rearrangements
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Efficacy of Tyrosine Kinase Inhibitors in Ph-like Acute Lymphoblastic Leukemia harboring ABL-
class Rearrangements
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CRLFZ rearrangement in Ph-like acute
lymphoblastic leukemia predicts relative
glucocorticoid resistance that is overcome
with MEK or Akt inhibition

Lauren K. Meyer', Cristina Delgado-Martin?, Shannon L. Maude?, Kewvin M. Shannon’

Davwvid T. Teachey?Z, Michelle L. Hermiston T
DEX Response Ruxolitinib Trametinib MK2206
O
120 4 1209 120 120
1049 104 o 10 110
21004 ) B giood peme o *,9 21009  goem— L 91004  gomme
£ 90 S—— 2 %01 s S ap ) o ol ° £ %
— - . .
2 809 ~ &0 2 809 X A = _ro 2 80 ° = 2 80
® 704 N 2 704 B ®o -I= 3 70 ~Fe oo o ® 70
3 609 © T g © g dg ° oo § 60
&’501—1;——-- — o m‘l,() pore e oxfln emms .".p. 150 qr h‘_’— el e B o= o mso o
2 409 — 2 409 L ° 2 40 ® 240
g 104 £ 104 g 30 ” £ 20
R 209 o & 209 4 e ® 2 R 20
104 e 104 10 ° 10
0 - = 0 ~ - - 5 0 - =+ - - 0 o = = =
CRLF2, CRLF2,, Vehicle Ruxoltinid  DEX DEX+ Vehicle Trametinib  DEX DEX+ Vehicle MK2206  DEX DEX+
Ruxolainid Trametinid MK2206
DEX + Ruxolitinib DEX + Trametinib DEX + MK2206
08 m
> g g 06 ®
5 3
< w w w
> 04w
a| & g g
- . H
2 2 02w H
§ § i i §
3 g om - - g
7 g 3
@ » 029 @
04
Samples Samples Samples




Drug Phase of Clinical Studies Ph-Like ALL Target Method of Action
development

Birinapant [TetraLogic) 1rI1 vitro af:d in TNF- (L -dependent SMAC mimetic
vivo studies

CHZB68 (Novartis) In vitro and in JAK2-mutated Type 2 JAK2 inhibitor

vivo studies (not
for clinical use)

Dasatinib (Bristol-Myers Phase 2 and 3 clinical trials SRC/ABL class Type 2 SRC/ABL
Squibb) in progress tyrosine kinase tlass tyrosine kinase
fusions inhibitor
Gedatolisib [Pfizer] In vitro and in PI3K and Dual inhibitor of
vivo studies mTOR-activated PI3K- O., PI3K- 7 and
patimeags mTOR
Givinostat (Italfarmaco) In vitro and in CRLEZ+ Class 1 and class 2
vivo studies HDAC inhibitor
1Q1 [Roche) In vitro and in CRLEZ+ BET inhibitor
vivo studies
Ponatinib (Ariad) Single case study SRC/ABL class Type 3 SRC/ABL
tyrosine kinase class tyrosine kinase
fusions inhibitor
Ruxolitinib (Incyte) Phase 2 clinical trials in"| JAKZ2-mutated Type 1 JAK2 inhibitor
pProgress ]
Rapamycin (Pfizer) In vitro and in mTOR-activated Inhibitor of mTOR

vivo studies pathways
Luminespib [Nowvartis) In vitrg and in CRLFZ+ H5P90 inhibitor

viva studies
Selumetinib (Astra- In vitro studies CRLFZ+ MEK 1,2 inhibitor
Zeneca) and AZD1480 and ATP-competitive
(InvivoGen) JAKZ inhibitor
TSLPR CART cells Invitro and in CRLF2+ Allogeneic TSLPR
(National Cancer vivo studies CART cells
Institute)
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SONUC OLARAK...

Ph like ALL artmis sitokin reseptor ve tirozin kinaz sinyali ,ABL
veya JAK STAT yolagini kullanmasiyla karakterize bir subtiptir.

IKZF, CRLF2, JAK mutasyonlari siktir.
K6ta prognostiktir.
MRH bazli yaklasim ve erken APKHN planlanmasi 6nemlidir!!!

Hedefe yonelik tedaviler:ruksolitinib,dasatinib..



