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Milestones in APL treatment

ATRA/ATO at relapse:
molecular responses

78%

Induction Consolidation

Sanz et al, Blood 2000
Raffoux et al, JCO 2002
Estey et al, Blood 2006
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n=156 pts, yy 2007-2012

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 JULY 11, 2013

VOL. 369 NO.2

Retinoic Acid and Arsenic Trioxide
for Acute Promyelocytic Leukemia

F. Lo-Coco, G. Avvisati, M. Vignetti, C. Thiede, S.M. Orlando, S. lacobelli, F.
G. Specchia, S. Sica, M. Divona, A. Levis, W. Fiedler, E. Cerqui, M. Breccia,

Ferrara, P. Fazi, L. Cicconi, E. Di Bona,
G. Fioritoni, H.R. Salih, M. Cazzola,

L. Melillo, A.M. Carella, C.H. Brandts, E. Morra, M. von Lilienfeld-Toal, B. Hertenstein, M. Wattad, M. Liibbert,
M. Hinel, N. Schmitz, H. Link, M.G. Kropp, A. Rambaldi, G. La Nasa, M. Luppi, F. Ciceri, O. Finizio, A. Venditti,

F. Fabbiano, K. Déhner, M. Sauer, A. Ganser, S. Amadori, F. Mandelli, H.

Déhner, G. Ehninger, R.F. Schlenk,

and U. Platzbecker for Gruppo Italiano Malattie Ematologiche dell’Adulto,
the German—Austrian Acute Myeloid Leukemia Study Group, and Study Alliance Leukemia
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APLO406 : prospective, randomized, multicenter, open-label, phase lll, noninferiority trial.
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NCCN 2015 Recommendations:

grade 3/4

ATRA-Chemo ATRA-ATO
Leukocytosis 5-10% 40%
AST/ALT elevation 5% 40%
QTc prolongation - 10%

ATRA+ATO as first line therapy for low to intermediate risk APL
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Improved short and long-term patient-reported

outcomes and HR-QOL with ATRA/ATO vs ATRA/

chemotherapy

Platzbecker et al, J Clin Oncol 2017
Cicconi et al, Leukemia 2019
Efficace et al, J Clin Oncol 2014 and
Blood Adv 2021
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APL0406: Molecular studies

Role of FLT3-ITD mutations
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Cicconi L, Divona M et al, Leukemia 2016
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ATO 0.3 /k d 1-5 ADA 119 16 136 AIDA = AIDA 107 23 133 AIDA
.5 ME/KE Aay ) ATRA+ATO 116 11 134 ATRA+ATO ATRA+ATO 108 5 147 ATRA+ATO
0 T T L] T T O T T T T T
0.25 mg/kg 2x/w on w 2-8 of cy 1, 0 1 2 3 4 5 0 1 2 3 4 5
. . . Years from entry . Years from molecular CR
At risk: At risk:
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ADA 102 14 98 AIDA NOSCT 18 0 08 No 5CT
ATRA+ATO 111 & 102 ATRA+ATO scT 13 2 12 sCT
0 T T T T T 0 T T T T T
0 1 2 3 4 5 0 1 2 3 4 5
At riske Years from CR At risic Years from relapse
AIDA 108 101 9% 92 80 &4 NOSCT 18 17 15 8 4 1
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Burnett et al, Lancet Oncol 2015
Russell et al, Blood 2018
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A phase 2 study of ATRA, arsenic trioxide, and gemtuzumab ozogamicin in patients with high-risk APL

(SWOG 0535)
Induction . . . .
_ TR RA-differentiation syndrome:
ATO - 0.15 mg/kg/d (day 10 - CR) ' : Primary end points: 6 pts (9%), only 1 Grade 3-4
- 3-year EFS All during induction phase
Consolidation 5 & 6 btedliliok - early (6-week) death rates
| ATRA - 46 mg/m2/d (day 1-7) Of 8 deaths by 6-weeks,
il Haaice Gl vaan n=70 patients enrolled, 3 were for hemorrhage,
O 5 60 achieved CR (86%) 2 infections, 1 hepatic failure,
6-MP - 60 mg/m2/d
2 unknown.
Oveall Survival Relapse-Free Survival Event-Free Survival
. 100% 100% A 100% 4
Median follow-up: [\ T \_W
80% =t 80% 80%
3.4 years
60% o 60% o 60% -
At 3 yrs: 40% o 40% o 40% -
0S: 86%
20% - ] , 20% - ) ) ) 20% - _ ] )
EFS: 7 8% At7RO-sk De1a1(hs 3Ye:r5 F:O:)mate Atst;sk Faged 3Yes;r1 lEzsal’;)mate . At;gsk Fa:llsed 3Yei;r8 .E;ql:)male
0% - 0% - h
°o 1 2 3 4 5 & 1 °o 1 2 3 4 5 & 1 o 1 2 3 4 5 & 7
Years after registration Years since complete remission Years after registration

JE Lancet et al, Blood Adv. 2020
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High-risk APL: APOLLO Trial Oral Arsenic formulations

v" Liquid oral As,05 (Hong-Kong, Au et al, 2003)
v RIF: Realgar natural mixture containing tetra

&

Induction Consolidation
1] 1oa (1 & @ @ arsenic tetra sulfide (As454 pills, China, Zhu et al, 2013)
|||| lll “l I“ v' ATO oral powder capsules, ORH-2014
dwks on/4 wksoff -
ﬂlm Week? — Oral ATO Wesk2s-omiATO
ALLG _ dsmghgld ndividual dose guided by prior
UntilCR 14don /14 d off Cycle 11— 2 —s 3—» a—
R) APML5 :v:ekv |12 34 iu:n'z 11713‘92(1 215252723
e e Aﬁsi oy ‘ - g‘ IVIVIV HIV‘IVIV ‘ IVIVIV HIV v
nauction onsolidation aintenance n=31 pts’ ATO powder ?}?ﬁk AT R A‘ AN RN RR
llll IDA (1) Illl'DA (2) (3) l IDA With APL at DG Wosk 12 56 9 m‘ 1314 1718 2122 25 28
AraC MTZ AraC 6MP + MTX 1V ATO Oral ATO  |y| IV ATO ATRA No
ﬁ viith PK B with P ™ (01smagia) 2 [@smgintial L reatment
Until CR 15d 15d 15d 2 y‘.n Disclosures: ALLG received research funding from Phebra Pty Ltd
Whole blood PK parameters: IV (cycles 1 & 3) vs ORAL (cycles 2 & 4)
25 B 20
i 20 » 16
Ongoing ol .
°
EoE: July 2022 of o 3 : -
AUCq.24 o %’ 0P 8 Crmax
(umolil.h) & ) o - (pmolll)
10 ?o P . : z ; °° a8
%
. 5 § .t b g 04
Zhu et al, J Clin Oncol 2013 0
Gill et al, Cancer 2019 14 14 14 14 w

llland et al, EHA 2019 . oy . S
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ATRA/RIF vs ATRA/ATO in Std risk APL

Induction Consolidation
[ ATRA 25 mg/m*
Belay Complete
< Tremission
RIF60 mg/kg
- { per day
— 2
Acute a
promyelogytic g
leukaemia =
- 00000
< S Complete
remission
Arsenic trioxide
{ 0-15 mg/kg per day ‘ ‘
r T T T T T T T T T T T T 1
0 4 g 12 16 20 24 28
MNumber of weeks of consolidation
RIF-ATRA group (n=69) Arsenic trioxide-ATRA group (n=36)
Grades 1-2 Grade 3 Grade 4 Grades 1-2 Grade 3 Grade 4
Nausea 14/66 (21%) 0 0 8/36 (22%) 1/36 (3%) 0
Vomiting 8/66 (12%) 0 0 3/36 (8%) 0 0
Diarrhoea 6/66 (9%) 0 0 2/36 (6%) 0 0
Mucositis 6/66 (9%) 0 0 5/36 (14%) 1/36 (3%) 0
Thrombaosis or embalism 3/66 (5%) 0 0 0 0 0
Haemarrhage 22/66 (33%) 1/66 (2%) 1/66 (2%) 9/36 (25%) 2/36 (6%) 1/36 (3%)
Cardiac 4/66 (6%) 1/66 (2%) 0 2/36 (6%) 0 1/36 (3%)
Prolonged QTcinterval 8/43 (19%) 0 0 6/31(19%) 0 0
Infection 27/64 (42%) 14/64 (22%) 1/64 (2%) 12/36 (33%) 14/36 (39%) 1/36 (3%)
Increased liver ALT or AST concentrations  34/69 (49%) 6/63 (9%) 0 23/36 (64%) 4/36 (11%) 1/36 (3%)
Hyperbilirubinaemia 17/66 (26%) 0 0 13/36 (36%) Q Q
Raised creatinine 1/63 (2%) 0 0 0 1/34 (3%) 0
Neutropenia 6/66 (9%) 12/66 (18%) 42166 (64%) 4136 (11%) 7/36(19%) 22136 (61%)
Anaemia 22/66 (33%) 38/66 (58%) 5/66 (8%) 8/36 (22%) 19/36 (53%) 8/36 (22%)
Thrombocytopenia 5/66 (8%) 10/66 (15%) A5/66(68%)  3/36(8%) 9/36 (25%) 2336 (64%)

Zhu et al, Lancet Oncol 2018

At

ASSOCIAZION ITALIANA-
CONTRO LEUCEMIE
LINFOMI £ MIELOMA-

RIF-ATRA group Arsenictrioxide-ATRA  pvalue
(n=69) group (n=36)
Complete remission 69 (100%) 34 (94%) 012
Molecular remission after consolidation™ 68 (100%) 34 (100%)
30-day mortality 0 2 (6%) 011
2-year event-free survival 67 (97%) 34 (94%) 049
2-year overall survival 69 (100%) 34 (94%) 0-049
2-year cumulative incidence of relapse 2 (3%) 0% 032
A B
o0, TR  ——GGTETITIITITIY
80 _ 80
T 60 S 60
g 2
T g0 £ 4o
8 — RIF-ATRA 2
20— —— ATO-ATRA 20
+ Censored
Log-rank p=0-049 Log-rank p=0-49
0 o
0 1‘2 2L4 3‘5 4‘5 0 1‘2 2‘4 3‘6 4‘8
Number at risk Time since randomisation (months) Time since randomisation (months)
(number censored)
RIF-ATRA 69 (0) 69(0) 67(2) 19(50) 0(69) 69(0) 69(0) 65(2) 18 (49) 0(67)
ATO-ATRA 36 (0) 34(0) 34(0) 72 0(34) 36(0) 34(0) 34(0) 720 0(34)
C
100
80+
= 60
R LE
20
Log-rank p=0-32
o el TR
0 P 2L1 3‘6 4‘8
Number at risk Months after complete remission
(number censored)
RIF-ATRA 69 (0) 69(0) 64(3) 17(50) 0(67)
ATO-ATRA 34(0) 34(0) 32(2) 6(23) 0(34)
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sanzscore  [J1NTTHNNNLL RRRORENMORUUNMARMITIIUIII & standard risk
Treatment Illlllll[":

FLT3-ITD
NRAS
RUNX1
FLT3-TKD
WrT1
DNMT3A
ETV6
mMycC
SETBP1
SF3B1
TET2

OUTCOME

II_]II][IIIII- O3 High risk

L

NN I O atRA-CHT

] ATRA-ATO

Relapse
(11 pts)

Continuous CR (33 pts)

14

&)

Mutation profile at APL diagnosis

E

801 >2 mutations
60-
P < 0.0001
40-
20-
0-1 mutation
0 T T
0 50 100
months

¢ A higher number of mutations at diagnosis is associated with an increased risk of relapse

laccarino L, Ottone T et al, Am J Hematol 2019
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Bl Single mutation
B \\ultiple mutations

% of mutated patients

35
15 pts 30
v 15 pts vy v 25
ATRA-CHT 20
ATRA-ATO 15 RARA
PML 10 RARA
RARA | ] >

FLT3 status [

A216T  A216V

B EE W ®  ATRA-CHT/ ATRA-CHT

ATRA/ATO

ATRACHT ATRA-ATO Tamibarotena ATRACHT Mylotaen Alo-HSCT

L2241 [ ] © [ ] 06?06 0o

(1) C235F (A) Diagnosis  1°relapse  2°relapse  Refractory  3°relapse  Refractory  EMrelapse 4'relapse  Death

(1 ) (4) |222_D223|n5E ‘ (1 ) — 0 months. 14 months 23 menths. 27 months. 44 months. 47 months €4 months 65 months.
L220P 1) AR 209 1632 % s797 3768 5
W225C
L 1 ATRAGHT ATRAATO ATo Azacytin
™ o T o0
PML RARA ’7’_| (B) Diagnosis 1°relapse 2'relapse Refractory Refractory Death
0 months 17 montrs 37 months 41 months &4 months
| B2 | e | | s P > . s
@ [ L 4
| 85! 32|87 L T291A (C) ‘Diagnosis  Progression | Refractory
A2 :]] 6T £224G R272Q B ) ooy ) S 0 months 3 months 7 manths 1 monhs
()] AZ(;SV ) 1) F286del ) Bty rpro PO 1007 1632 4400
m ArRaHT ey o "
(D) Diagnosis. 1°relapse 2'relapse . Refractory Death
PML 0 months 24 months 32 months 58 months
| B2 | St NA 669 103 21
ATRACHT ATRAATO ° HAm
. (E) ‘Diagnosis  1°relapse “2relapse ~~ Complete remission
laccarino et al, Am J Hematol 2019 2t
’

PMLIRARA

Alfonso et al, Leukemia 2017 woriay M

®
2

&2

positive by ddPCR
positive by Sanger
negative by ddPCR
negative by Sanger
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'Nnrmal HSC —I- CHIP = Exposure =

Therapy-related APL

Induction and/or

- —_—
expansion of CH

o

Topoisomerase-I|

MM

- @ PML-RARA V Mitoxantrone related t-APL

t-APL

WV Other therapy related APL
WV de novo APL

8 bp Hotspotregion A GCCCTAG

t-APL cases N=8/23

inhibitors ; de novo APL N= 0/25
B - R
PML-RARA \ A4 vy V \ A AL/ v
t-APL TAM ATAT T AT T 1 lﬂ I

DDR genes 1482-1489 Hot spot region

C PML Intron 3 PML Intron 6
> 2094 bp 911-1966 (1055 bp)
Chemotherap}r Add itional mutations

> B

Legend

HSC: hematopoietic stem cells

%

CHIP: clonal hematopoiesis of indeterminate potential
DDR: DNA-damage response genes (TP53 and/or PPMD1 and/or CHEKZ2)

Hasan et al, Blood 2008
Dillon et al, Blood 2020

Ottone et al, Am J Hematol 2014
Voso et al, Blood 2021
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élgcfrrgiiifg:s::iTr?Ar.oCorellc, S. Amadori OUtcome Of t-APL ot
Treatment Response Intensively treated patients,
excluding treatment with ATRA only
CTX/ATR CTX/ATO 100 - p=0.045
% (N) A AT(I:/_,;'L'RA ATRA ATF\I‘1A_ ;)nly _ e
n=53 B n=19 ) S LLWW’\_._..I_
; 05
(o) -
CR 8%  100%(23) 95% (18) 57% (4) 2 b
(40) o 301
[T
PR 10% (5) — — — :é-' 5 — ATO/ATRA & CTX/ATO/ATRA n = 43
d>J ’ — CTX/ATRAN =53
1]
ED 12% (6) - 5% (1) 43% (3) 0 0 1'2 2'4 3|6 4'8 6'0 7'2 8I4 9I6 168 1120

Time (months)

* t-APL display outcomes similar to dn-APL
when standard treatment is feasible.

Kayser et al, Leukemia 2017
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Age, years (range)
Sex F/IM

Morphology M3/M3v
WBC, x10°/L (range)
Platelets, x10°/L (range)
Fibrinogen, mg/dL (range)

FLT3-TD (POS/MNEG)
Early death

Outcome of
induction (CR)

EFs, 24 months/
48 months, %

05, 24 months/
48 months, %

RARA
variants

47 (2-83
5/19

231

11.5x 10%/L
75.5% 10°%/L
176 (60-675)

2124
16/24

54.1/34

72/60

v

1 each PRKAR1A-RARA, NuMA-RARA, FIP1L1-RARA (FISH)

APL

51.5 (14-82)
15/23

33/5

1.58 x 10°%/L
25.5 x 10%/L

121
(62-237)

5/8
5/38
33/38

70.3/62.9

86.7/82.9

Atypical APL

18 ZBTB16-RARA (RT-PCR)
3 STAT5B-RARA (RT-PCR)

p value

02
01
05
0.04

0.0009 20
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Cicconi L et al, Blood Cancer J, 2021
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Atypical APL: mutational profile of ZBTB16/RARA AML

Targeted-NGS of 156 AML patients
(7 ZBTB16/RARA , 46 PML/RARA and 103 non RARA-rearranged AML)

Karyotype | t(11;17) (15;17) RA h Other Karyotype Normal Karyotype
e Q1 il 1 T
me mm m i il
CSF3R
R | 1 TN n L M L[]}
srsr2 n 11 M | ni 1
uzar1 | 1 11 n
ZRsR2 1 | [[]
wri 1 n [[[]]]] | 1 1 1 1nn
onmTIA | 1 ([ H[]] I L1 11 m 1 Imh imnnm_ mnm
Tes3 1 100 Ihm i | | I | ] 11
AsKLL | 11 i1nnn | m 1 1n m m 1
NRAS [ | | ni 1P 1N I mmnnmuoeiaill
nem1 | | 11 [[[]] mil 1
PreN11 | | m 111 Pl 11
B | | U A | || 11 |
1oHL [ | | nmi
1042 | | 11 | n_ni 1
JAK2 | 1 1 1
wr | | | 1 1 i
KRAS I I
oL | | 11 m
srag1 | | 1 1 | | 11
ETVE I I
SETBP1 I
Mutations (>1 t
AML 103 94.17% 2.86 + 2.03 DNMT3A (35%), NRAS, ASXL1 (25% for
0,
<0.0001 both), TP53 (23%)
APL 46 69.6% 0.89 + 0.77 FLT3 (37%), WT1 (20%)
ZBT16/RARA 7 71.4% 1.71 +1.7 TET2 (57%), RUNX1 & CSF3R2, (28.6%)

Fabiani E. et al, Cancer Med 2021
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ZBTB16-RARA t(11;17) (q23;q21)

Gene
ARID1A
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