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Acute Lymphoblastic Leukemia (ALL)

Aggressive hematologic neoplasm of B- or T-lymphoblasts
e Acute lymphoblastic leukemia (ALL)
* Lymphoblastic lymphoma (LBL)

Clinical Presentation
e Cytopenias (bone marrow failure), adenopathy (enlarged lymph nodes),
mediastinal mass (T-cell), hepatosplenomegaly, central nervous system.
* Constitutional symptoms (fatigue, fevers, sweats, weight loss, bone pain).

Diagnosis: Morphology (blasts) and immunophenotype (flow cytometry/IHC)
to determine lymphoid (B or T) and maturity stage.

* B-lymphoblasts: CD10, CD19, CD20 (some), and CD22; Ig negative

* T-lymphoblasts: cCD3 and other T cell antigens.



ALL — Epidemiology and Demographics

At a Glance
Percent of New Cases by Age Group: Acute Lymphocytic Leukemia Percent of Deaths by Age Group: Acute Lymphocytic Leukemia
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* Most common leukemia in children.
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e Adults: ~50% of diagnoses, but majority of relapses and death.
* Risk factors: Down syndrome, prior chemo/radiation (myeloma).
0.3% * |In adults, ~1/3 are Philadelphia-chromosome positive

https://seer.cancer.gov/statfacts/html/alyl.html
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ALL: A Pediatric Oncology Success Story

* 1948: Sidney Farber described 5 children who responded (temporarily) to

the folic acid antagonist aminopterin.

FiGure 4. Photomicrographs of the Sternal Bone Marrow in Case 3, Showing Giemsa-Stained Section on January 29,
(A) and April 3 (B), 1948 (x1000).
Yote that the microsc Ku‘ al field is composed mainly of blast forms characteristic of leukemia (cell type undetermi ined)

in_the early section (A) and that a marked shift to mature cell forms, particularly of the polymorphonuclear series,
with no leukemic cells, had occurred on the later examination (B)

* 2022: 73 years later, most children cured.

Farber et al. N Eng J Med 1948;238:787-93; Pui et al. J Clin Oncol 2015;33:2938-48;

Hunger and Mulligan N Eng J Med 2015;373:1541-52
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ALL in Adults: More Work to be Done
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ALL — Framework for Initial Approach to Adult ALL

anged chromosome 9
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Initial therapeutic decisions guided by: ﬁ 3 é
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1) Philadelphia-chromosome status v

2) Age/fitness for chemotherapy

* AYA: Pediatric-inspired

e Adult: Standard intensity

e Older/With Medical Problems: Less intense




ALL — Approach to Initial Treatment

 Induction Goal = Achieve Remission
 Reduce morphologically apparent leukemia to undetectable levels
- complete remission (CR).

* Consolidation/Maintenance Goal = Prolong Remission/Cure
 Reduce minimal residual disease present at CR (measured or
presumed) to a level low enough to achieve prolonged disease-
free survival, sometimes cure.
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ALL — Approach to Ph-Negative ALL Therapy (B and T)

Goal

Induction

Consolidation

CLINICAL TRIALS

Age < ~40
(AYA)

Cure
AYA induction

Low-risk:
Chemotherapy

High-risk:
Transplant

Age 40-70 (Fit)
(Adult)

Cure

Adult induction

Low-risk:
Chemotherapy

High-risk:
Transplant

Age >70/Unfit

Cure? Control!

Less intense
induction

Less intense
consolidation/
maintenance



Philadelphia-chromosome-negative ALL

* Multiple cycles of combination chemotherapy.
 Complex: numerous drugs in different doses, combinations, and schedules.
* Prolonged chemotherapy (2-3 years from CR), unless transplant in first CR.
* Phases: 1) induction, 2) consolidation with CNS phase, 3) maintenance.

e “Core” drugs: vincristine, steroids, anthracycline

* YOUNG: “Pediatric-inspired” or “AYA” (adolescent young adult) regimens are
more intensive including asparaginase, steroids, vincristine, and escalated CNS
prophylaxis, lead to improved outcomes.

 OLDER: Dose-reduced chemo, investigational: novel agents

* CNS prophylaxis is mandatory
* IT chemotherapy, high dose cytarabine/methotrexate, CNS radiation



Approach to Ph-Neg ALL in Younger Adults

improved outcomes when treated on a pediatric-inspired regimen.

* Identified retrospectively = safety and efficacy demonstrated

* Patients aged < 40 years (adolescent and young adults, “AYAs”) have iﬁi
prospectively with favorable outcomes compared to historical controls. =¥
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1- T-year Survival RHR Log Rank p
i =— CCG 67%(CI:58%-T5%) 0.0002
084 CALGE 46%(Cl:36%-56%) 1.9(C1:1.3-2.7)
z
= 08
-1
a8
E 0.7
3 0.6
£ 05
@
E 0.4
£ 03
T
W 0.2, piey:
0.1 {197 151 131 98 57 19 2 {CCG)
0 124 84 63 48 37 30 8 (CALGB)
0 2 4 6 8 10 12 14

Yrars Followed
Figure 1. Comparison of EFS and OS. (A) Comparison of EFS among CALGE (gray
line) and CCG (black line) patients. The 7-year RHR for CALGB patients was 2.2 (CI,
1.6-3.0; P <0 .001). (B) Comparison of OS among CALGB (gray ling) and CCG (black
line) patients. The 7-year relative hazard ratio (RHR) for death in CALGE patients
was 1.9(CI, 1.3-2.7; P < .001).

AYAs aged 16—20 years
treated on pediatric
(CCG) or adult (CALGB)
trials 1988-2001

Identical CR rates (90%)

7-year survival:
CCG:67%
CALGB: 46%

Stock et al. Blood. 2008;112:1646-54; Stock et al. Blood 2019;133:1548-59
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CLINICAL TRIALS AND OBSERVATIONS

A pediatric regimen for older adolescents and young adults
with acute lymphoblastic leukemia: results of

CALGB 10403

Wendy Stodk,” Selina M. Luger,® Anjali 5. Advani,® Jun ¥in* Richard C. Harvey® Chardes G. Mullighan * Cheryl L. Willman* Moreen Fulton,”
Kristina M. Laumann,” Greg Malnassy,” Elisabeth Paietta,” Edy Parker,” Susan Geyer,” Keysstof Mrazek, ™ Clara D. Bloomfield, ™ Ben Sanford,®
Guido Marcucd,"" Michaela Liedtke, ™ David F. Claxton,™ Matthew C. Foster,"* Jeffrey A. Bogart,'® John C. Grecula,™

Frederick R. Appelbaum,™ Hamy Erba,™ Mark R Liteow,™ Martin S. Tallman,™ Richard M. Stone,™ and Richard A. Larson’

A Cwverall Survival

HiEvs K B (P O
1— =00 Moo s ETLTLTR
+ Comar

Halva

R EEEREEE

a o
|

T T T T T T T T T T
[ 12 M 3£ 43 &n - B L 108 1
Tame [in months)




Asparaginase (ASNase): Mechanism of Action

* Asparagine (Asn) is an amino acid that can
be synthesized from aspartic acid by most
cells using asparagine synthetase (ASNS).

* ALL cells lack ASNS, thus depend on
import of Asn from plasma, making them
sensitive to depletion of plasma Asn.

* ASNase breaks down Asn to aspartic acid
and ammonia.

* ASNase depletes plasma Asn, thereby
killing ALL cells but not normal cells that
can make their own Asn.

Avramis et al. Int ] Nanomedicine. 2006;1:241, Slide credit: clinicaloptions.com

Anti-ALL Activity of ASNase

BLOOD
PLASMA NORMAL CELL
L-Asn X Cell
Survival
ASNase
L-Aspartic
Acid +
Ammonia
TUMOR CELL
L-Asn X Tumor Cell
Death
ASNase (4]
L-Aspartic
Acid + [ 4
Ammonia

ASNase is a key component of effective
contemporary pediatric ALL regimens


http://www.clinicaloptions.com/

AYA Regimens — Asparaginase a Particular Challenge

* Asparaginase-related
* Thrombosis/hemorrhage
* Liver toxicity
* Pancreatitis
e Hypertriglyceridemia
* Hyperglycemia
* Hypersensitivity

e Steroid + asparaginase related
osteonecrosis

iinase Toxicity in Adults

Hypersensitivity

Hepatotoxicity

Thrombosis

Pancreatitis Hypertriglyceridemia

Prevent with pre-
medication

Confirm with TDM

Replace with Erwinia
formulation if
confirmed

X

Reduce dose in
patients with high
BMI

Hold treatment
until grade 1
hyperbilirubinemia

Consider L-carnitine
and ursodiol

Re-challenge

v

Treat with
anticoagulation

Resume while on
anticoagulation

v
=

Provide Consider gemfibrozil

supportive care
Resume as planned

Discontinue
permanently
for clinical
pancreatitis

Late onset

Stock et al. Leuk Lymphoma 2011;52:2237-53; Grace et al. J Thrombosis Thrombolysis 2018;45:306-14;
Aldoss and Douer. Blood. 2020;135:987-95; Valtis...Luskin et al. Blood Adv 2022;6:72-81

orthopedic
complications




Why Bother? More Asparaginase = Better Outcomes

In DFCI 91-01, patients who tolerated

<26 wk of planned 30 wk of ASNase N .
therapy had inferior outcome? DFS of NCI High-Risk Patients on Cumulative Incidence of Relapse by
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Silverman et al. Blood 2001;97:1211-18; Gupta et al. J Clin Oncol 2020;38:1897-1905; Gottaschalk et al. Blood 2021;137:2373-82
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Approach to Ph-Neg ALL in Adults: Chemotherapy

* Regimens based on multiple cycles of intensive

multi-agent chemotherapy.

* Many ”“standard” regimens. * o
+ Common in the US: ECOG 29931, Hyper-CVAD? \\_
CALGB 9111(“Larson”).3 & ‘ — 3%
* Similar Response Rates Across Trials: T T T 1
* CR: ~90%; OS/Cure: 40% Mrisk: 1521 43 620 4ss 35 28
* The recent ECOG 1910 trial randomized to ECOG 2993

blinatumomab consolidation; results awaited.

'Rowe et al. Blood 2005;106:3760-67; 2Kantarjian et al. J Clin Oncol 2000;18:547-61; *Kantarjian et al. Cancer 2004;101:2788-801;
3Larson et al. Blood 1998;92:1556-64; Wetzler et al. Blood 2007;109:4164-67




Older Adults: Poor Outcomes With Conventional

Chemotherapy

Age CR(%) | Early Death (%) | OS (%) Numbers reflect treated
Adult trials, older adult cohorts (dose modifications employed) patients, eligible for and
CALGB 9111 >60 77 17 17 (3 yr) interested in clinical trial.
ECOG 2993 / UKALL XII 55-65 | 73 18 21 (5yr) Resistant Disease
Hyper CVAD 60 84 10 20 (Syr) * Lower CR rate/refractory
Older adult trials e Rela pse
Dana-Farber/Harvard >50 67 13 52 (2vr) Toxicity
GMALL 255 |76 14 23 (Sr) * High early death (10-20%)
PETHEMA ALLOLDQ7 >55 74 13 12.4 mo med e Deathin CR

Many not even treated: US Medicare analysis (2019) —only 51.1% > 66 years treated
within 90 days. Most (78.3%) untreated were 75+ years.

Larson et al. Blood 1998;92:1556-64; Sive et al. Br  Haematol 2012;157:463-71; O’Brien et al. Cancer 2008;113:2097-101;
Fathi et al. Cancer 2016;122:2379-88; Gokbuget et al. Blood 2012;120:Abstract 1493; Ribera et al. Leuk Res 2016;41:12-20;
Kim et al. Leuk Lymphoma 2019;60:1462-68



Extremely Poor Outcomes in Older Adults with ALL.
Little Improvement for 3 decades.

100 1 —— 1980-1989 N=440 (438 deaths)
90 1 - --- 1990-1999 N=494 (482 deaths)
--------- 20002011 N=741 (597 deaths)
SEER Analysis > — —
2 vera ()
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& 404 Lo
E ol 60-64 24% 9
= > 75 10% <3
10
4 Era

0 12 24 36 48 60 72 84 96 108 120

Months since all diagnosis - 0,
1980-1989 440 115 63 45 34 27 24 21 19 16 15 Pre 1990 106 3
1990-1999 494 108 69 52 43 39 35 30 27 25 24

2000-2011 741 225 124 77 56 36 27 17 12 5 4 2000-2011 16% 6

Geyer et al. Blood 2017;129:1878-81; Dinmohamed et al. Leukemia 2016;30:310-17; Toft et al. Br J Haematol 2012;157:97-104



ALL in Older Adults: Improving Outcomes
Conventional Chemotherapy = Novel Agents

Disease (Chemotherapy Resistance)
J CR rate T Relapse
Need: More effective therapies

Patient (Chemotherapy Tolerability)

MEarly mortality, *Death in CR
Need: Less toxic therapies.

Social, Logistical (Access)
MNo or minimal treatment
Need: Therapies that are not too complicated.




Philadelphia-chromosome-negative (Ph-) ALL

Incorporating Novel Agents
R o 'S

Until recently, only option available for Ph- ALL was
conventional chemotherapy.

e Blinatumomab (2014) and inotuzumab ozogamicin Venetoclax
(2017) approved for relapsed and refractory B-ALL.
* Other novel agents being investigated for ALL,

including venetoclax. ﬁ{@
Blinatumomab

Goals Approach

Better efficacy Add novel agents °

Less toxicity Reduce/omit conventional chemotherapy

Inotuzumab




1.0m=

Inotuzumab + mini-hyper-CVD Continuous CR

=
(=21

Phase 2, single center, untreated patients > 60 years

Fraction survival

9 0S
Outcomes updated ASH 2021 (n=79, 38% > 70 years) e v
* Early mortality: 0% + SE;EI |
 MRD-negative CR: 94%; 3-yr OS: 55% T S 2

e Death in CR: 34% (29/79); most > 70 yrs (sepsis,
VOD, MDS/AML).

Th rombocytopenla

Infectlons L|ver Toxmlty

Modifications:
* |notuzumab dose reduced/fractionated I I I |

 Chemotherapy cycles decreased, omitted > 70 years
* Blinatumomab added

Grade 3+ Adverse Events

Kantarjian et al. Lancet Oncol 2018; 24-48; Short et al. Blood 2021; Abstract 3400 (ASH 2021)



Philadelphia-chromosome-negative (Ph-) ALL
Incorporating Novel Agents

MD Anderson m INITIAL-1 | Alliance 041703

o Em e
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Kantarjian et al. Lancet Oncol 2018;19:240-9; Chevallier et al. Blood 2021;138:Abstract 511; Stelljes et al. Blood 2021;138:Abstract
2300; Advani et al. J Clin Advani et al. J Clin Oncol 2022;40:1574-82; Goekbuget et al. Blood 2021;139: Abstract 3399; Jain et al. Blood
2019;134:Abstract 3867



Philadelphia-chromosome-negative (Ph-) ALL
Incorporating Novel Agents SUMMARY

* High CR rates (80-90%).

* Most MRD negative (80-90%).
* Low induction mortality - <5%.
e Late toxicity still a problem.

* Llong-term outcomes awaited!

* NCTN plans randomized
comparison to establish new
standard.

Inotuzumab +

Maintenance
POMP

RANDOMIZE mini-hyper-CVD
CD22+ Ph-neg
ALL/LBL
Key Eligibility
-CD22+ (220%) B-cell ALL/LBL (= 5% blasts) Dose Adjusted
-Treatment-naive (prior HU, 7 d steroids, vincristine x Hyper-CVAD

Maintenance
POMP

1, IT chemo allowed)

- >5% blasts
o National Clinical
N

-Age 2 50 years
-No clinically relevant liver disease.
-No symptomatic CNS disease.

Alliance 042001 NCT05303792

Kantarjian et al. Lancet Oncol 2018;19:240-9; Chevallier et al. Blood 2021;138:Abstract 511; Stelljes et al. Blood 2021;138:Abstract
2300; Advani et al. J Clin Oncol 2022;40:1574-82; Goekbuget et al. Blood 2021; 139: Abstract 3399; Jain et al. Blood 2019;134:Abstract

3867

Alliance
for Clinical Trials
in Oncology




ALL in Older Adults: Starting to Improve?

— 1980-1989 N=440 (438 deaths) (F) SEERANIALL: Age 60-69 (G) SEER AllALL: Age 70-
===+ 1990-1999 N=494 (482 deaths) 1.00 1.00
- 2000-2011 N=741 (597 deaths)
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e Little progress over time: US SEER (n 1675) >60 yrs 3-yr 0S 10% > 16% (1980-2011)

* Now, glimmers of hope? S
* More patients being treated 2 | ..

* Updated SEER analysis shows improvement in the 2010s
 Age60-69 (n=723): 1990s Median OS 6 mos = 2010s 18 mos (5-yr OS: 14>29%)
* Age 70+ (n=890): 1990s Median OS 1 mo - 2010s 4 mos (5-yr OS: 42>13%)

Geyer et al. Blood 2017;129:1878-8 1; Sasaki et al. Am J Hematol 2021;96:650-58; Joshi et al. Clin Lymphoma Myeloma Leuk 2022; S2152-
2650(22)00188-4.



Philadelphia Chromosome Negative
Acute Lymphoblastic Leukemia

New:
Novel Agent Being Studied In Initial Therapy
To Improve Outcomes, Especially Important
for Older Adults
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Philadelphia Chromosome Positive
Acute Lymphob\astic Leukemia

Ph+ = t(9:22) = BCR-ABL fusion. R o g B

)

ABL kinase is a major driver of disease.
W o

o
BCR
BCR e
35 "k" ‘f ‘ %f e H Philadelphia
1 Chromosome
#22
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Philadelphia Chromosome Positive (Ph+) ALL

60

* Presentin ~1/3% of ALL cases. o
* Prevalence increases with age (>50% *150 '
over age 50 years). Cw S -
e Historically adverse prognosis. L _
=¥ :% 20 1 -
¥ 10 - I -
&
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Timefrom diagrosis (years)
Figure 2. Overall survival by cytogenetic subgroup of patients registered on
IMRC UKALLXIVECOG 2993.

t(9;22)

Chiaretti et al. Haematologica 2013;98:1702-10; Burmeister et al. Blood 2008;112:918-9;
Ribera et al. Br J Haematol 2012;159:485-88; Moorman et al. Blood 2007;109:3189-97



TKls (Imatinib) Improve Outcome in Chemotherapy

Treated Patients

ECOG 2993
* |Imatinib improves outcome when combined with

chemotherapy. ()

* Higher CR rates, higher OS, more patients > BMT.
e Better outcomes if introduced earlier in treatment.

Ph+ (20%): 25%  © N~ (80%): 41%

B 100 B 100 h-. Pre-imatinib versus late versus early imatinib (trend), p<0.0001
g‘ -il:_\

o 751 : W

T ) N, e Estyimainib 39% L. }

§ w0 P e e * Imatinib improves outcomes
25/ D Freqvn % for adults with Ph+ ALL at

[i] 1 2 3 4 5 & 7 & a 10 - TL .

uﬂ ' Tizmn WBHT:I:-] . . F'r::r::l.ki-o 266 144 B1 B7 &7 _-;r:ir::m?m 41 40 35 Ie"aISt n F.)artt by fa(:IIIIIIatIng I ‘t

Fagure 2. Ovarall survival for all gatiants. (A) This stuxy. (8} Ph stahus Lalni.rraiini.b 86 54 32 30 27 2 6 % 4 0 O a Ogenelc sStem ce ranSp an

Early imatinib 8% &1 48 33 2§ 8 1 0 ] o 0

Fielding et al. Blood 2014;123:843-50



Tyrosine Kinase Inhibitors = CR with Minimal Tox

e GRAAPH-2005 9 IM + VCR/DeX /]\CR rate and Overall survival
J mortality compared to IM + hyperCVAD.

54.6% (44.8-63.3) at 3y

* GIMEMA - Successful “chemotherapy-free” % -
induction (imatinib LAL 0201-B; dasatinib LAL 1205, ] sy
ponatinib LAL 1811).

* High CR rates (>90%). o

* 2G/3G TKls - Deeper and more durable.
* Minimal toxicity.

TKls allow reduction or omission of conventional
chemotherapy during induction in Ph+ ALL.

Chalandon et al. Blood 2015;125:3711-9; Vignetti et al. Blood 2007;109:3676-8; Foa et al. Blood 2011;118:6521-8; Martinelli et al. Blood Adv
2022;6:17-42-53; Wieduwilt et al. Blood Adv 2021;23:4691-700; Sugiura et al. Blood Adv 2022;6:624-36; Rousselot et al. Blood 2016;128:774-82



Ph+ ALL: Which TKI is Best?

* |In combination with chemotherapy, retrospective comparison (hyper-CVAD
context) suggest better outcomes with 2G and 3G TKIs (deeper remissions,
improved survival).

* Ponatinib is potent and active again T315l, a common mechanism of
resistance to earlier generation TKls, but associated with cardiovascular
toxicity.

Ao o

. il Ponatinib

et

Dasatinib

MD Anderson
Propensity Score
Retrospective Analysis

Dasatinib

0.6

0.47

Event-free Survival
Overall Survival

=0.035 =0.025
0.2] ¥ 0.21 P
Total Event Median Total Event Median
=~ HCVAD + Ponatinib 41 10  Notreached = HCVAD + Ponatinib 41 6  Notreached
0.01 = HCVAD + Dasatinib 41 23  23.1 months 0.0 = HCVAD + Dasatinib 41 21 76.1 months
T T T T T T T T T T T T T T T T
0 12 24 36 48 60 72 84 0 12 24 36 48 60 72 84

Months

Sasaki et al. Cancer 2016;122:3650-6; Jabbour et al. Clin Lymphoma Myeloma Leukemia 2018;18:257-65



Ph+ ALL: Best Post-Remission Approach Not Defined,
Approach Individualized

* TKI is not curative. @
* Options (and/or):
* Allogeneic hematopoietic stem cell
transplant (HSCT)

* Chemotherapy: Age-adjusted
* ?Novel agents: Blinatumomab

* One size fits all vs age/co-morbidity
tailored and risk adapted approach. Allo BMT

* Here is where roads diverge!

Martinelli et al. Blood Adv 2022;6:17-42-5; Luskin et al. Blood 2021; Rousselot et al. Blood 2016;128:774-82;
Foa et al. N Eng J Med 2020;383:1613-23; Wieduwilt et al. Blood Adv 2021;23:4691-700; Bachanova et al. Leukemia 2014;28:658-65



Benefit of HSCT for Ph+ ALL in CR1

GRAAPH-2005
imatinib + chemotherapy

A B
8]+ g |
1 RFS 3
o o
o Transplant 321
z . 3
§2. 5
aD N —'_mLi_H o
—“.u i L& & 1) &
a g
s No Transplant <
8 ] 8
ol T T - T T T
0 1 2 3 4 5 6 7 8 0 1 2 3 4 5 6 7
years years
# al risk # al risk
Aogene SCT 0 123 8 3 52 B 8 9 0 ensic SCT 0 17 1o ] 57 » 21 10
Mo alogenes SC Alogeneic SC No alliogeneic SCTinfirst CR Alogeneic SCT in frst CR

Chalandon et al. Blood 2015;125:3711-19; Ravandi et al. Blood Advances 2016;1:250-59
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Ph+ ALL: Do All Patients Need HSCT for Cure?

* Some patients may not benefit. But which ones? g
N (%) Median RFS 4-year RFS rate

100 -
. —— CMR 51 (60) 125.7 mos 63%
* Good outcomes without HSCT.  MMR  16(19) 26.1mos 39%
. . o 801 —— NoMMR 18 (21) 12.1 26%
* Some patients treated with TKI + chemo = ° @n 12l mes
rapidly achieve deep responses - favorable f‘;ﬁ 60
long-term outcomes without HSCT. 3
“q': 40 Li e
* Risk of HSCT. E L
* Increased patient age, comorbidities
. o o 0 T T T T T T - T
increase toxicity. ; w5 o o o
* Transplant advances may reduce toxicity. Time (months)

Chalandon et al. Blood 2015;125:3711-19; Kim et al. Blood 2015;126:746-756; Ravandi et al. Blood Advances 2016;1:250-9;
Ravandi et al. Blood 2013;122:1214-21; Short et al. Blood 2016;128:504-7



HSCT May Be Unnecessary after Optimal Response to
Intensive Chemo (hyper-CVAD

B. relapse-free survival (RFS) C. Relapse
o S o
- © HR=0.75, p=0.15 o © HR=0.45, p<0.01
257 § 2 -
- c @
Figure 1 A. overall survival (OS) 3 o) - 8 @
Ph+ ALL o Te - ° 8 73 57 44 29
(n = 658) 2« - Z o« 132 89 55 32 16
Ineligible for study (n = 398) o H z 2 S
Not in CMR at day 90 (281) — ] 8 3 ===
No gPCR BCR-ABL1 testing (49) S o E o s=-"
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Ghobadi et al. Blood 2022 doi: 10.1182/blood.2022016194



GRAAPH-2014: TKls are Great, but Not Enough

New Ph+ ALL, ages 18-60

Design: Random evaluation of no
HiDAC consolidation.

Primary endpoint: MMolR BCR-
ABL1 £0.1% after 4th treatment
cycle (MRD4).

TKI: Imatinib = nilotinib.
Chemo: 4 cycles prior to BMT.
BMT: Allo HSCT in CR1 if matched
donor (MSD or MUD).
Maintenance: 2-yr IM post BMT.

Ph+ ALL front-line 18 — 59y: GRAAPH 2014

o//—\
No AraC arm

AraC arm
Cycle 1 : induction NILOTINIB 800, VCR, DEX
NILOTINIB 800 NILOTINIB 800
Cycle 2 HD-MTX HD-MTX
HD AraC
Cycle 3 NILOTINIB 800, VCR, DEX
NILOTINIB 800 NILOTINIB 800
Cycle 4 HD-MTX HD-MTX
HD AraC
Interphase (max 2) NILOTINIB 800, 6MP, MTX
Intensification HSCT : ALLO / AUTO
Maintenance IMATINIB 600

ASH 2021 Abstract 614: Rousselot et al.

MRD1

MRD2
MRD3

MRD4



GRAAPH-2014: TKls are Great, but Not Enough

Overall Survival Relapse Free Survival AraC arm No AraC arm

\ no allograft
h allograft

i

Y no allograft
allograft

0.6 0.8 1.0
0.6 0.8 1.0
o

p=0.55 p=0.00405

[

P=0.25 - P=0.02

0.0 0.2 04
0.0 0.2 04

months months
0 12 24 36 48 60 0 12 24 36 48 60

Randomization stopped early due to excess relapse in Arm B (no HiDAC).
Transplanted patients in Arm B (no HiDAC) had dramatically better outcomes.
Outcomes of patients in Arm A (HiDAC) were similar regardless of alloSCT status.

GRAAPH-2014 study — Omission of HiDAC consolidation in younger patients (18-60
years) =2 frequent relapses in the absence of HSCT (Take Home: Need intensification
with chemotherapy or HSCT, can’t omit both!)

Abstract 614: Rousselot et al.




GIMEMA D-ALBA Study

’ Steroid pre-treatment ‘

|

| Dasatinib + steroids |

CNS prophylaxis

4{ Response evaluation (day 85) |—
CHR + CMR CHR but NO CMR No CHR

Blinatumomab 28 pg for 2 cycles (maximum 5 cycles) + Dasatinib

[ Primary Endpoint I Molecular response (CMR + PNQ)
after 2 cycles of blinatumomab

N=63, median age 54 (range 24-82) yrs
Note:

Follow-up still short.
Approximately half - HSCT.

Foa et al. N Eng J Med 2020;383:1613-23

Day 85 — 29% Molecular Response
Blina C2 (n=55) — 60% Molecular Response
Blina C4 — 81% Molecular Response

A Overall Survival
100+

— HHH 111-|-|+H;"
2-\0-
2 751
<
L
(7]
g 50_ ............................................................
£
=
8 2]
N=29 (46%) HSCT
o
0 T T T 1
0 6 12 18 24
Months
No. at Risk 63 60 52 26 4

36-month DFS and OS rates 71% and 80%,
respectively (median follow-up 28.8
months).

Worse outcomes in IKZF1 deletion.



Ponatinib + Blinatumomab in Ph+ ALL: Regimen
Induction phase (C1) Consolidation phase (C2-C5)

.. 30me 15 me (if in CMR}

_ A phase Il trial of a chemotherapy-free

< > < > combination of ponatinib and blinatumomab in
4 weeks 2 weeks adults with Philadelphia chromosome-positive
acute lymphoblastic leukemia (Ph+ ALL)

IVI a i nte n a n c e p h a Se Nicholas Short, Hagop Kantarjian, Marina Konopleva, Guillermo Montalban-Bravo, Farhad

Ravandi, Nitin Jain, Tapan Kadia, Yesid Alvarado, Kelly Chien, Naval Daver, Walid Macaron,
Koji Sasaki, Jennifer Thankachan, Ricardo Delumpa, Ejiroghene Mayor, Wuliamatu Deen,

Christopher Loiselle, Monica Kwari, Rebecca Garris, Elias Jabbour.
15 mg for 5 years N
The University of Texas MD Anderson Cancer Center, Houston, TX

Ponatinib 30 mg Ponatinib 15 mg Blinatumomab IT MTX / Ara-C x 12



Ponatinib + Blinatumomab in Ph+ ALL:
MRD Response Rates

» CMR MMR B No MMR H NoCR

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

FL Ph+ ALL F/R Ph+ ALL CML-LBC FL Ph+ ALL R/R Ph+ ALL CML-LBC

End of Cycle 1 Overall



Ponatinib + Blinatumomab in Ph+ ALL:

Survival Outcomes for Frontline Cohort

Median follow-up: 11 months (range, 1-41)
Event-Free Survival Overall Survival

Death in CR, n=1

Due to post-procedural bleeding
and hypovolemic shock

Transplanted pt had persistently detectable BCR-ABL1 transcript levels of 0.01%-0.05%

o pt has relapsed with median CR duration of 10 months (range, 1 to 43 months)

—
N
S
)
c
()]
>
(YH]
c
©
)
=
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3
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-
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9
)
©
a

Total Events MedianEFS 2-year EFS (95% Cl) ' Total Events Median OS 2-year OS (95% Cl)
35 NotReached  33% (76%-98%) 35 Not Reached  93% (76%-98%)

18 24 30 18 24 30
Time (months) Time (months)
No. at Risk 35 9 8 No. at Risk 35 9 8




T | TKI + steroids

AmA
Prednisone + Investigator's choice of D asatinib or Ponatinib

!

| Step 2: RANDOMIZATION® |

A TKI +

AmB
Hyper CVAD?+

- AmC
Sterids + TKI (Dasat inib or Blinatumomab + TKI

PI: Yishai Ofran oo A e HyperCVAD vs Blina
l : MRD testing

BM submission for BM submission for
MRD Testing MRD Testing

MRD|Negstive l

Currently accruing. o

x2 cycles’ MR DlN egative

. , worawe | Swap if MRD+
Induction: TKI plus steroids. [ sws evmrasnon geimam | .

followed by Ther: followed b Th I
. matirr:t eeeeee (Hype rCVAD 2 ‘ l ma ‘ot ye (Blinatu T;zpy b2 Tra nSp a nt
. A I ) erapy Cycle )bnowed by AmD am.E therapy Cydes) followed b
i Ch Olce [ D S O r O N maintenance therapy Blinatumomab + Steroids + TKI Hyper r CVAD? + ay" e)a N0,

(Dasatinb o Ponatinb) Stemids pTKIt(D:t nib o tenance therapy Opt|0n
Consolidation: Randomized ﬁ; = i:'ﬁ i
MRD Negativ " I MRD Testing MRD Negative
to TKI+hyper-CVD orTKI+
blinatumomab. .

Will we get answers about best consolidation
Transplant: Allowed, not approach?

proscribed. * Enrolling to randomized trials is important.



Ph+: ALL Conclusions and Questions

 Known: TKls improve outcomes and are an essential component of therapy
for Ph+ B-ALL.

* Question: What is the best TKI?
—In US, most use 2G dasatinib, but there is interest in 3G TKI ponatinib.

— Concerns about toxicity of 3G TKI.
— Mitigated by optimized dosing (de-escalate after response)?

— Can patients be appropriately selected based on disease risk and
comorbidities?

—Investigational: combination of catalytic domain and allosteric inhibitor?
— Dasatinib plus ABLOO1 — DFCI protocol 18-170




Ph+: What We Know and (Mostly) What Don’t
KNow

INDUCTION: Is intensive chemotherapy needed? In general no, associated with
higher toxicity/early mortality.

e Do some patients benefit from early chemotherapeutic intensification?

e Should less toxic, novel agents (i.e. blina) be introduced early (before CR)?

CONSOLIDATION (FIT): TKI is not enough. Best addition? HSCT or intensive chemo,

?blina

e HSCT remains an accepted standard, but patients who respond optimally to
intensive chemotherapy may not need.

e Long-term outcomes in patients treated with 2G/3G TKI plus novel agents (blina)
unknown. Appear very effective, but curative?

e For transplant INeligible, how to best consolidate?



Philadelphia Chromosome Negative
Acute Lymphoblastic Leukemia

New:
Many options — Potent TKls, novel agents
(blinatumomab), chemotherapy, BMT.
Adverse prognosis being reversed?

#\ Dana-Farber

€'V Cancer Institute

54 HARVARD MEDICAL SCHOOL
&) TEACHING HOSPITAL



Relapsed ALL
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Relapsed ALL: Historically, Dismal Prognosis

OS at 5 years after relapse was 7% (95% Cl: 4%—9%)

. A
609 adults with Sex
relapsed ALL
treated on ECOG 2993
“Favorable” findings o 4 B i3 i -
* Younger (<20 years) c

* Long first remission

HSCT needed

-----

Fielding et al. Blood 2007;109:944-50; Gokbuget et al. Blood 2012;120:2032-41; Tavernier et al. Leukemia 2007;21:1907-14.



ALL — Antibodies for B-ALL in Relapse

* Blinatumomab (TOWER) - Bispecific monoclonal antibody targeting
CD19 and CD3. Enables CD3+ T-cells to recognize and destroy
CD19+ cells (malignant and normal).

* Toxicity: CRS, neurotoxicity
» Strengths: Lower disease burden, MRD +

* Logistics: Continuous infusion.

* Inotuzumab ozogamicin (INO-VATE) - Humanized IgG4 anti-CD22
antibody covalently linked to a cytotoxic agent (calicheamicin) =2
double-strand DNA breaks and apoptosis.

 Toxicity: Cytopenias, liver toxicity (VOD)

e Strengths: Effective at high and low disease burden,
extramedullary disease

e Logistics: Weekly Infusion

Overall Survival

Blinatumomak
Chematherapy

1.0
0.9
0.2
0.7
0.6
0.5
0.4
0.3

Probability of Overall Survival

0.1+
0.0

1,
s THI
0.2 Chemotherapy 1

CR: 34 vs 16% (P<0.001)
CR plus CRi: 44 vs 25% (P<0.001)

Median OS
7.7 vs 4.0 mos
HR for death 0.71 (P=0.01)

(24% in each group 2 transplant)

Blinatumomakb

T T
o 3 6

T
9

T T T T 1
12 15 18 21 24

Months since Randomization

Mo. at Risk
Blinatumomab 271

176 124 79
Chemotherapy 134 71 41 27

45 7 a9 4 0
17 7 4 1 0

%
51.34%
.
A Duration of Hemission difference
B o1
i 0.9 Hazard ratio, 0.55 (25% C1 0.31-0.55)
Bl p-n.03 P <-001
E a7
E s 3
. CR/CRi
Y
w a3 Inotirumnab czogamicin group
£ o1 2 51.4%
= - 80.7% o
E a1 Standard-therapy group 80 differen
r oo P <.001
s 1 i . 70
Mo ot Risk Moaths x ©
Imotuzu mab a5 59 M 14 9 3 o 5 50 -
= cgamic s
roup S a0
Sandard-therapy 31 1 4 1 a o o 29.4%
Eroup 30 4

Kantarjian et al. N Engl J Med 2017;376:836-47; Kantarjian et al. N Engl J Med 2016;375:740-53; Maude et al. N Eng J Med 2018;378:439-48



Key Anti-CD19 CAR T-Cell Therapy Trials

ELIANA[] ZUMA-33]
(N = 75) (N = 45)

CAR T-cell agent Tisagenleucel KTE-X19

Study phase I 1/11

Pediatric/young adults

Study population with R/R B-ALL

Adults with R/R B-ALL

Overall: 68
RP2D: 84

Median OS, mos 19.1 12.9 --
Median EFS, mos NR 6.1 --

CR, % MRD negative: 81 Overall: 83

Median DoR, mos NR -- RP2D: 12.9
Median follow-up, mos 29 16

FDA approved Halted FDA approved

1. Maude. NEJM. 2018;378:439. 2. Park. NEJM. 2018;378:449. 3. Shah. ASCO 2019. Abstr 7006.




Current Treatment Algorithm for R/R B-ALL

SCT naive

!

Relapse post SCT

!

e MRD and CR19+ = Blina

e Low disease burden and CD19+ = Blina
e Bulk disease or extramedullary disease
and CD22+=1INO

e CD19- and CD22- = chemo

e CD19+ = CAR T-cell
e CD19-/CD22+=1INO
e CD19-and CD22- =chemo

!

e Remission = SCT

!

e |[f CAR T-cell would watch
e If INO or chemo = Consider 2" SCT




O N O
Relapsed T-ALL: Nelarabine HOAS—Z‘ V/\‘E

* Nelarabine is the prodrug of AraG; the active metabolite AraGTP
accumulates in T lymphoblasts to a greater extent than in B cells or mature
T cells due to decreased AraGTP degradation

* Associated with peripheral and CNS toxicities, myelosuppression dose
dependent

* |In adult R/R setting, 31% CR rate, 1-year OS 28% (DeAngelo Blood 2007);
similar in children (Berg J Clin Oncol 2005)

* Approved for relapsed/refractory T-cell ALL

DeAngelo et al. Blood 2007;109:5136-42; Berg et al. J Clin Oncol 2005;23:3376-82
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Relapsed T-ALL: Nelarabine Combinations HO;S—Z;Hm

R/R T-ALL/LBL
Median Age 19 (2-69) Years

Nelarabine

Combination 100
Therapy
o000

078

=

3

o
Boso

Nelarabine £

=

Monotherapy ®
025
W Combination therapy ™™ Monotherapy A Achieved CR X Relapsed ¢ AlloSCT —= Alive 0.00

Patient

Y

NH,

Overall survival
Kaplan Meier analysis

Log rank p-0.0026
24 mos: 53%
24 mos: 8%
0 12 24 ‘?'iamefMonﬂ?sa) 60 72 84

15 9 8 8 7 7 6

12 24 60 72 84

36 48
Time(Months)

Overall Survival
Multivariable analysis

26
27

28—

31 .

g AlloSCT (as time
dependent variable)

0 12 24 36 438 60 72 84 96 108 120 132 144 156 168 180
Time since nelarabine treatment (months)

Shimony, Luskin, DeAngelo DFCI experience, unpublished data

Combination vs
monotherapy

0.17 0.06-0.48 <0.001

0.36 0.14-0.94 0.037



Relapsed ALL

New: Effective salvage, particularly for
B-ALL
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ALL Conclusions

* ALL is a rare disease - approximately 50% of cases in adults.
* OQutcomes in adults lag excellent pediatric outcomes, but improving.
* Treatment is dictated by age and Philadelphia chromosome status.

* Innovation is focused on improved risk stratification (MRD techniques)
and incorporation of novel agents — TKls, antibody therapies, cellular
therapy, and optimization of transplant —in first line and relapsed
disease.



Much Left To Be Done.

e T-cell ALL remains an area of unmet need.

* Further studies to define best way to incorporate novel agents, CAR-T,
BMT into the treatment of adults with ALL, tailored to age, disease
subtype (B vs T, genetic subtype), and response.

 Careful reporting of long-term as well as short term outcomes.

* Attention to representative enrollment to clinical trials based on age,
race, ethnicity, socio-economic resources, geography — this is key.
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