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How | treat
relapsed/refractory ALL
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The NILG study 10/2007 a prospective, MRD-
based clinical trials in Ph-ve ALL

Overall Survival Disease-free Survival (CR pts.)
1 1 -
Median not reached Median 6.3 years
ALI— (Ph') = 0,8 \ 0.55 at5yearS = 0,8 . 0.52 at5years
n=163 s =
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NR 7 (4% = 04 & 047
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Pts at risk (events)
163 (59) 100 (11) 70 (1) 32 (0) 1 142 (52) 88 (10) 62 (4) 29 (2) O
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Chemotherapy for Relapsed/Refractory ALL

* |[deal regimen is not known and depends upon timing of relapse:

* If relapse >2 years in CR: induction regimen similar to newly
diagnosed treatments

* Primary resistant disease/relapse during chemo: reinduction with novel
treatments

 After 2ndCR, allogeneic transplant should be performed ASAP

« Single-agent therapy
 Liposomal vincristine (Ph-neg ALL that has failed 2 prior treatments)
« Clofarabine (ages 1-21 years that has failed 2 prior treatments)
* Nelarabine (relapsed T-ALL that has failed 2 prior treatments)

* Multiple-agent chemotherapy regimens:
* MOpAD, Hyper-CVAD, BFM, etc
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Chemotherapeutic Efficacy In
Relapsed/Refractory Adult ALL

First relapsel!l-®] 30-45 5-9

Primary refractory disease,
short CR,* or relapse after 20-30 3-6
HCTI23]

Second relapsel6-7] 18-20T 3-4.6

*CR <12 mos.

TCR + CRi, 1. Fielding AK, et al. Blood 2007;109:944-950.
2. Gokbuget N, et al. Blood. 2012;120:2032-2041.
3. Kantarjian HM, et al. Blood. 2010;116:5568-5574.
4. Oriol A, et al. Haematological. 2010;95:589-596.
5. Tavernier E, et al. Leukemia. 2007;21:1907-1914.
6. O’'Brien S, et al. Cancer. 2008; 113:3186-2191.
7. O’Brien et al. J Clin Oncol. 2013;31:676-683.
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Harnessing the Immune System for ALL Therapy

Antibodies
- Blinatumomab
- Inotuzumab Macrophage
- Vaccine
Leukemia cell
Helper T cell
- Vaccine
Natural killer cell Genetically
modified
CAR T cells
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Types of MoAbs already used for the treatment
of ALL

Naked MoAb Direct Effecs

Antibody Drug Congugate

Anti-CD22 conjugated to calecheamicin

“inotuzumab
Bi-specific MoAb 0zogamicin
o~-CD3 antibody
W //' VLﬂ hi

Cell Death
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e b &\

a-CD19 antibody
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MoADb in ALL
Summary of known data (2018)

Rituximab (CD20)

Ofatumumab (CD20) - - +
Inotuzumab ozogamicin (CD22) + (incl. Phase lll) pIanned +
Blinatumomab (CD19/CD3) + (incl. Phase Ill) + (+) ongoing
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The anti-CD22 Drug Conjugate Inotuzumab
Ozogamicin MoADbs

CD22 receptor ﬁ(’;\ j{G

e et 1. CMC-544 binding/
4 CD22 saturation

\ % J}é l > Intesfalizay

ﬁ’ —©® 4. Lysosomal degradation
and activation of

5. Drug efflux .
“ 6. DNA calicheamicin
L e intercalation
{:(» e 7. Apoplosis
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Phase lll INO-VATE: Inotuzumab vs SoC In
Relapsed/Refractory CD22+ ALL

* Multicenter, randomized, open-label phase Ill study

Stratified by duration of first remission

(2 12 vs < 12 mos), salvage (2 vs 1), Inotuzumab Ozogamicin*
age (2 55 vs < 5o yrs) Starting dose 1.8 mg/m?2/cycle (0.8 mg/m2 on Day 1;
l 0.5 mg/m? on Days 8, 15 of a 21-28 day cycle)

Pts with relapsed or
refractory CD22+, Ph- or

Ph+ ALL in salvage 1 or 2
(N = 326) Standard of Care

FLAG or Ara-C + mitoxantrone or HIDAC
for up to 4 cycles

for up to 6 cycles

*Inotuzumab dose reduced to 1.5 mg/m?/cycle once pt achieves CR/CRI.

* Primary endpoints: CR/CRI and OS
« Secondary endpoints: MRD negativity, DoR, PFS, HSCT rate, safety

. Faim, Y IVER S A DR W [WAPOY
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INO-VATE: Pt Characteristics

Characteristic InO SoC
(n =164) (n =162)
Median age, yrs 47 (18-78) 48 (18-79)
(range)
Salvage status, n (%)
=1 111 (68) 104 (64)
"2 51 (31) 57 (35)
Duration of CR1, n (%)
= <12 mos 98 (60) 108 (67)
= 212 mos 66 (40) 54 (33)
Prior HSCT, n (%) 28 (17) 29 (18)
Median WBC,

103 cells/mm?3 (range) 4.1 (0-47.4) 4.0 (0.1-68.8)

Kantarjian HM, et al. N Engl J Med. 2016;375:740-753.

Characteristic InO SoC
(n =164) (n =162)
Bone marrow blasts, n (%)
= <50% 53 (32) 48 (30)
" 250% 109 (67) 113 (70)
= Missing 2 (1) 1 (1)
Karyotype, n (%)
= Normal 46 (28) 42 (26)
= Ph+ 22 (13) 28 (17)
" 1(4;11) 6 (4) 7 (4)
= Complex 27 (16) 22 (14)
= Other/unknown/missing 63 (38) 63 (39)
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INO-VATE: CR/CRI of Remission-Analysis
Population

Remission analysis population: first 218 pts randomized in the ITT population

Response, % (95% CI) InO SoC 1-Sided

(n = 109) (n = 109) P Value
CRI/CRI 80.7 (72.1-87.7) 29.4 (21.0-38.8) <.0001
MRD negative 78.4 (68.4-86.5) 28.1 (13.7-46.7) <.0001

Among this population, more than 4x the number of pts achieved CR/CRi and

proceeded directly to HSCT with inotuzumab vs SoC (n = 41/109 [38%] vs n = 10/109
[9%]; P < .0001)
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INO-VATE: PFS

1.0 Median PFS,
0.9 - Mos (95% CI)
08 — InO(n=164) 5.0 (3.7-5.6)
g 07 SoC (n=162) 1.8 (1.5-2.2)
5 0.6 A HR: 0.45 (97.5% CI: 0.34-0.61; 1-sided P < .001)
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0 5 10 15 20 25
Pts At Risk, n Mos
INO 164 72 28 16 6 1
SoC 162 24 6 2 0 0
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INO-VATE: OS

Median OS,
1O Mos (95% CI)
0.94 — InO (n=164) 7.7 (6.0-9.2) -
0.8 - SoC (n=162) 6.7 (4.9-8.3) = 2-yr OS probability
8 0.7+ higher with InO vs
O HR: 0.77 (97.5% CI: 0.58-1.03; SoC
S 0.61 1-sided P = .0203) 0
£ 05- :
S o - 23% (95% CI:
I 16-30) vs 10%
a0 (95% CI: 5-16)
0.2 1
0.1
O T T T T T T T 1
0 5 10 15 20 25 30 35 40
_ Mos
Pts at Risk, n
InO 164 112 62 41 24 13 8 2 0
SoC 162 85 51 30 6 5 4 1 0
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INO-VATE: Subgroup Analysis of OS

Events, n Median OS, Mos _ Favors InO
InO SoC InO SoC HR (97.5% CI)

All pts 164 (122) 162 (130) 7.7 6.7 0.77 (0.57-1.02)
Duration of CR1

<12 mos 109 (89) 107 (89) 6.6 5.3 0.83(0.59-1.17)

=212 mos 55 (33) 55 (41) 11.1 9.4 0.59 (0.34-1.00)
Salvage status

1 108 (75) 107 (87) 8.6 7.1 0.65 (0.46-0.93)

2 56 (47) 55 (43) 6.2 5.2 0.97 (0.60-1.56)
Age at randomization

<55yrs 104 (70) 103 (79) 8.6 8.0 0.68 (0.47-0.98)

> 55 yrs 60 (52) 59 (51) 5.6 5.3 0.90 (0.58-1.41)
Cytogenetics

Ph+ 22 (18) 28 (22) 8.7 7.7 0.99 (0.48-2.02)

Ph- 142 (104) 134 (108) 7.4 5.9 0.71 (0.52-0.97)

Complex 27 (22) 22 (18) 7.2 3.9 0.61 (0.30-1.25)

Normal with = 20 metaphases 35 (24) 34 (28) 8.6 8.9 0.64 (0.34-1.19)
Prestudy transplant

Yes 28 (23) 29 (20) 8.5 13.1 1.31 (0.66-2.61)

No 136 (99) 133 (110) 7.1 5.5 0.67 (0.49-0.91)
BM blasts

< 50% 53 (37) 48 (42) 7.4 9.1 0.69 (0.41-1.15)

= 50% 109 (84) 113 (87) 7.7 5.5 0.77 (0.55-1.09)

Kantarjian HM, et al. N Engl J Med. 2016;375:740-753.. @ el o fion e -
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Long-Term Results of the Phase 3 INO-VATE Study

Figure 1. Overall Survival.

100+ \
805 ‘\ n No.Events Median OS, mo (95% CI)
] '* —+——  |notuzumab 164 131 7.7 (6.0-9.2)
& -+ —+— |nvestigator choice 162 136 6.2(4.7-8.3)
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# at Risk
Inotuzumab 164 112 62 44 41 36 23 13 7 1 0
Investigator choice 162 85 51 30 17 14 5 3 3 | 0
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INO-VATE: SOS Among Inotuzumab-Treated

Pts
‘Parameter .m0  SsC
Overall SOS incidence, % (n/N) 13 (22/164) 1 (1/162)
SOS incidence during study treatment, % (n/N) 3 (5*/164) --
Post-study HSCT, % (n/N) 47 (77/164) 20 (33/162)
Post-HSCT SOS, % (n/N) 22 (177/77) --
Median time to post-HSCT SOS, days (range) 15 (3-57) --

Alkylator conditioning: dual vs single 7.6 (1.7-33.8) .008
Age: =2 35 yrs vs < 55 yrs 4.8 (1.0-22.0) .043

Kantarjian HM, et al. N Engl J Med. 2016;375:740-753.. @U’“‘“GM"*‘“ST“”' o Navou -
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Redirecting T cells to hematological malignancies
with bispecific antibodies: Blinatumomab

Anti-CD3
antibody
i :
i !
) g%g% % T-cell cytotoxicity
i 7 AN\ EN . . -
f;}“ W is redirected towards Ys
. cancer cells? o Mai® N
\
HH Activation signals promote
HH T-cell proliferation?
Blinatumomab . 6 >
N Contact with cancer

N fé? (anti-CD19/CD3 BiTE®)

5
1

2]
!)'
i

Anti-CD19
antibody

cells leads to T-cell
activation3

&

ancer cell Through serial lysis, individual T cells

can induce apoptosis of multiple cancer cells*
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Phase lIl TOWER: Blinatumomab In
Relapsed/Refractory, B-Precursor, Ph- ALL

« Multicenter, randomized, open-label phase Ill study

Induction/Consolidation Maintenance
(2 cycles/3 cycles) (£ 12 mos)
Blinatumomab CIV
l 2 [NEHER 2R L T Blinatumomab CIV
28 ug/day x 3 wks (cycle 1) 28 ua/dav x 4 wks
Adult pts with relapsed 28 ug/day x 4 wks (cycle 2) Hgrday
(4 wks on, 8 wks off)
or refractory (4 wks on, 2 wks off)
B-precursor, Ph- ALL* (n=271) —
(N = 405)
*Refractory to initial or salvage intensive Standard Chemotherapy TOptions include:
combination chemotherapy; untreated first Investigator’s choice * FLAG = anthracycline-based regimen
relapse in remission < 12 mos; untreated (n = 134) + HiDAC-based regimen
second or greater relapse; relapse any time * High-dose methotrexate—based regimen
after alloHSCT. * Clofarabine-based regimens

Primary endpoint: OS

Kantarjian H, et al. N Engl ] Med. 2017;376(9):836-847 fﬁﬁ UnivirsiTapec STupi o Narou -
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TOWER: Prior Treatment

Prior salvage regimens

Kantarjian H, et al. N Engl J Med. 2017;376(9):836-847

@ Univers

= None 114 (42) 65 (49)
=1 91 (34) 43 (32)
"2 45 (17) 16 (12)
>3 21 (8) 10 (7)
Prior alloHSCT 94 (35) 46 (34)
Primary refractory 46 (17) 27 (20)
Refractory to salvage 87 (32) 34 (25)
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TOWER: Hematologic Response During

Induction
1001 Blinatumomab (n = 271)
SoC (n=134)

807
0 O
NS P < 001 « HR for EFS: 0.55 (95% CI:
58 00 0.43-0.71; P < .001)
s2
S 5 40-
O £
=

.

O-

Overall CR
Response
(CR/CRhO/CRI)

Kantarjian H, et al. N Engl J Med. 2017;376(9):836-847 iﬁg U”""'Huml":‘““smﬁ' o Navou -
X EDERICO




TOWER: OS (Censoring for AlloHSCT)

1.0 Median OS, Mos (95% Cl)
0.9 1 —— Blinatumomab: 6.9 (5.3-8.8)
.. 087 —— SoC: 3.9 (2.8-4.9)
= 0.7+
<
S 067 Stratified log-rank P = .004
E 0.51 HR: 0.66 (0.50-0.88)
S 0.4+
>
S 0.31
? 024 ] |
0.11 |
O-
Pts at Risk, n
Blinatumomab 271 163 80 a4 21 13 2 0 0 0
soc 134 56 21 12 5 1 0 0 0 0
0 3 6 9 12 15 18 21 24 27

S Blinatumomab (n = 271) SoC (n = 134)

AlloHSCT postbaseline, n (%)

Kantarjian H, et al. N Engl J Med. 2017;376(9):836-847

65 (24)
95% Cl: 19-30

32 (24)
95% Cl: 17-32)
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TOWER: OS by Subgroup

Subgroup Blinatumomab, n/N (%)  SoC. n/N (%) HR (95% CI)
Age
< 35yrs 68/123 (55.3) 34/60 (56.7) — — 0.70 (0.46-1.06)
> 35 yrs 96/148 (64.9) 53/74 (71.6) — — 0.77 (0.55-1.08)
Prior salvage therapy
SO 53/114 (46.5) 39/65 (60.0) |——] 0.60 (0.39-0.91)
S1 61/91 (67.0) 32/43 (74.4) — — 0.59 (0.38-0.91)
S2+ 50/66 (75.8) 16/26 (61.5) —— 1.13 (0.64-1.99)
Prior alloHSCT
Yes 58/94 (61.7) 26/46 (56.5) ——— 0.81 (0.51-1.29)
No 106/177 (59.9) 61/88 (69.3) ] 0.70 (0.51-0.96)
Baseline BM blasts
< 50% 31/69 (44.9) 16/30 (53.3) | - | 0.66 (0.36-1.20)
= 50% 132/201 (65.7) 71/104 (68.3) — — 0.78 (0.58-1.04)
Unknown 1/1 (100.0) 0/0 (0.0) NE
Overall 164/271 (60.5) 87/134 (64.9) —o— 0.71 (0.55-0.93)
*NE = not estimable. 0.1 1 10
<— Favors Blinatumomab Favors SoC —

Kantarjian H, et al. N Engl ] Med. 2017;376(9):836-847 @ U"*"*”*le;”{“f’“ﬂl’l' o Navou -
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Ongoing Chemoimmunotherapy Combination Trials
in ALL

Study Planned Primary
A e - S Endpoint

Phase Il ECOG Newly diagnosed adult Ph- Induction chemotherapy =+
1910M B-lineage ALL blinatumomab
Phase Il Newly diagnosed adult Ph- B- ARFREHOVAD [ SECLERE!

60 combination with RFS

(2] i
MD Anderson lineage ALL blinatumomab
Pts = 65 yrs of age with:
= Cohort 1: newly diagnosed = Cohort 1. blinatumomab +
Ph- B-precursor ALL maintenance
ingSg] Listiele 44 chemotherapy (POMP) Toxicity, OS
= Cohort 2: newly diagnosed = Cohort 2: Dasatinib,
Ph+ or R/R DSMKF prednisone followed by
blinatumomab + dasatinib
Relapsed/refractory adult CD22+ Inotuzumab + combination
[4]
FiEER (| et acute leukemia 38 chemotherapy (CVP) =2l
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ALCANTARA: Blinatumomab for Relapsed/Refractory
Ph+ ALL

Median OS, months
1.0 - N (95% CI)

_ mmge= No censoring of alloHSCT 45 7.11(5.6 to NE) Open-labEI phase " StUdy Of adUItS

T _ 081 i Censoring of alloHscT 45 7.15600NE  relapsed/refractory to second-generation TKI
= o Sl and/or intolerant of TKI
= b - _l
25 e gy _ _
S 2 04 | 45 patients Rx blinatumomab monotherapy
=2 . 36% CRI/CRI after 2 cycles

' 88% of responders achieved MRD response

0 2 4 6 8 10 12 1 16 18 2 2

Time (months)

|
Previous TKIl therapies i : 14 {« 1o 68)
1 7 ‘ 33 {15 t0 57)
- — 2 21 - B 47 {2310 72)
Median RFS = 6.7 mos s - ;
= |
Median OS = 7.1 mos Prios slloHBCT m— 25 (9o 49)
Yos &/20 — 44 {24 to 65)
|
No 11725 |
44% to alloSCT . { L 64 (31 to 80)
one marrow blasts |
o . B | 27 (1310 44)
> 50% 934 0 20 40 80 80 100

CR or CRh (95% CI)

Martinelli G, et al. J ClinOncol. 2017;35(16):1795-1802 @; UniversiTApea STupi o Navous -
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Blinatumomab + TKI for Relapsed Ph+ ALL

Overall survival
100

60 ~ mOS: NR

Percent survival

U L LI 1 LI 1 L]

0 2 4 6 g 10 12 14
0S (months)

AssiR, et al. ClinLymph Myeloma Lek. 2017;17(12):897-901

9 Ph+ ALL and 3 CML blast crisis
Failed 21 chemotherapy and 21 TKI

Treatment: blinatumomab plus ponatinib (n = 8),
dasatinib (n = 3), bosutinib (n = 1)

- Complete hematologic response = 50%
- Cytogenetic response = 71%
- Molecular response = 75%

- 2 cases of cytokine release syndrome
- Median FU =8 mo

- Median OS = not reached

- 1-year OS =73%
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Relapsed Ph+ ALL: Selection of TKI Therapy

BCR-ABL1 Resistance Mutations Adverse Event Spectrum

Mutation Best TKI

Ponatinib

Elevated Pancreatic

Imatinib
Edema/fluid retention
Myalgias
Hypophosphatemia
Gl (diarrhea, N/V)

Enzymes
Hypertension

Skin toxicity 7
Thrombotic even
C

Y253H, E255KV, F359VCI  Dasatinib
F317LVIC, T315A, V299L Nilotinib

ommon Ef‘ﬂ_acts %  Bosutinib
E255KV; F317LVIC, o Myelosupp.re.sgon Gl (dlarrh.ea, N/V)
Bosutinib Nilotinib Transaminitis Headache
F359VCL,T315A, Y253H _ Electrolyte A Rash
Elevated Pancreatic
T3151 Ponatinib shaymes Dasatinib
hyperbilirubinemia Pleural/pericardial
QT prolongation EHU_SiO“§
Cardiovascular events Bleeding r'Sk_
. Pulmonary arterial
CNS penetratlon Hypertension

* Imatinib < dasatinib levels in CSF
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Late relapse > 24 months

How | currently treat R/R ALL
Ph- ALL

< 24 months
Post-HSCT

Second relapse
Primary refractory

BLINA (BM blasts < 50 %)

=) HSCT

INO (leukocytosis or BM blasts > 50 %

—s

MRD - HSCT ?

Ph+ ALL

Ponatinib + mild intensity CHT [[_2 HSCT
N () ==l e
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