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Introduction:

<+ We have already achieved these goals In
APL ! — We did > decade ago

<+ High risk and relapsed subsets
<+ Reduced morbidity / toxicity — subsets
<+ Decreased requirement of supportive care

<+ Reduced early deaths — non-clinical trial
setting

<+ Reduce cost of treatment /| Ease of access
<+ Gleevec moment!
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I..Single agent ATO based regimen:

Figure 1: Regimen of single agent arsenic trioxide.

—
Induction Consolidation Maintenance ATO till Nov 2003
till CR 4 weeks 10 days/month in-house prepared

Nov 2003 onwards

D) 4veeks [N 4vweeks B [ B B B [ | INTAS pharmaceuticals

Matoda, GU, India

Table 1. Guidelines for administration of hydroxyurea Anthracycline in INDUCTION
during induction )
WBC count, x 10°/L Adult patients Pediatric patients V?Igl(y: (>023 OI:I:)V;I/?_tdOSQS) if:
5to 10 500 mg once daily 15 mg/kg once daily Rabid | X tosi
10to 15 500 mg twice daily 15 mg/kg twice daily apl eucocylosis
1510 20 500 mg thrice daily 15 mg/kg thrice daily > 20 x 10°%/L week 1
20 to 50 500 mg 4 times a day 15 mg/kg 4 times a day > 50 x 10°/L week 2
More than 50 1.0 g4 times aday 30 mg/kg 4 times a day Differentiation syndrome not
For adult and pediatric patients with a WBC count less than 5 x 10¢L, no| responding to therapy with
hydroxyurea was administered. steroids

BLOOD 2006 / JCO 2010




e

D 1.&-!

 GR (n=22)

100 + 0%

o
o
Lo

+
_|_

T -+
63+ 7%

~H-0 wn =t =+ HR (n = 50)

=
(=53]
1

Overall Survival
(proportion)
o
i

=
(%]
1

FP=.003

0 24 48 72 9% 120 144
Time (months)

Long Term Follow

up Data:

Multicenter study - IAPLSG04

7 center's India

RCT : 6 vs. 12 months maintenance
N=159
5 yr OS
S5 yr EFS

75%
69%

Single agent ATO based regimen:

Median follow up 58 months (5 yr KM estimate+1SE)
E 1.0 4

91+ 6%

_|_’_.. A

+ e

+-H-H'I'I—|-H-H—|—|-+

+ (n=23)

e
==}
1

= (n=339)

=
(=]
1

+

735 +7.2%

Disease-Free Survival
(proportion)
o
=9

o
(X

F=.0862

0 24 48 72 9% 120 144
Time (months)

Good Risk Group Relapses = 2

(Only one received an anthracycline in induction)

High Risk Group Relapses = 11
5 year Kaplan-Meier estimate of OS:

LR =100%0.0%

HR = 63%7.6%

JCO 2010
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Introduction:

<« Significant advances have been made in the
management of acute promyelocytic leukemia
(APL)

+ Steady transition over the years to a non-
myelotoxic therapy’

+ Facilitated by increased understanding of the
molecular mechanisms of disease and
resistance

«» Challenges remain in the real world?34, in
patients with high risk disease at presentation

and in those who relapse
1. Mathews V. Lancet Hematology 2015

2. Lehmann et al. Leukemia 2011
3. Park JH et al. Blood 2011
4. Jean-Baptiste Micol et al. ASH Abstract 2010
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Management of Relapsed APL

<+ Available data - mostly in the context of relapse
following conventional ATRA + chemotherapy
regimens

«Limited data on management of

relapse when ATO has been used
upfront

<+ Available data would suggest that
intensification with an autologous SCT is
required post relapse




Management of Relapsed APL
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RELAPSED PATIENTS ARE DIFFERENT
' PLOS |one
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I.' Eompan'son o% newly diagnosed and

relapsed patients with APL

< PML mutations in 16% at relapse?

« Neither mutations or a potential LSC could
explain relapses in our patients

<+ Evidence of micro-environment mediated
drug resistance (EM-DR) to ATO?

N=35

25% PML mutations
<30% survival in those
with mutations

1. Chendamarai et al. Plos One 2015
2. Madan V et al. Leukemia 2015
3. Huang et al. NEJM 2014
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EM-DR in acute promyelocytic leukemia

> Protective effect seen in non-contact
dependent system (Transwell)

HS-5 co-culture

» ICATO levels between NB4 and NB4
20 o in co-culture remained the same
> Protective effect is not seen on NB4
cells when co-cultured with
» HUVEC
» COS-7
> PBMNCs

MS-5

804

Viability(%)

MS-5+ NB4
= 2 S \

0-
MSC. - + -1+ -2+ -4+ -6+ -8+

ATO Conc. (uM) o

** - P=0.005, ***-P=0.001

Stromal cells provide survival advantage to malignant promyelocytes (NB4)
against arsenic trioxide.
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- Rationale for combining ATO with
proteasome inhibitors |

Leukemia (2016), 1-10

www.nature.com/leu

Saravanan

ORIGINAL ARTICLE
Rationale and efficacy of proteasome inhibitor combined with

arsenic trioxide in the treatment of acute promyelocytic
leukemia

S Ganesan', AA Alex', E Chendamarai', N Balasundaram’, HK Palani’, S David', U Kulkarni', M Aiyaz’, R Mugasimangalam?, A Korula',
A Abraham', A Srivastava', RA Padua®*, C Chomienne®*, B George', P Balasubramanian' and V Mathews'

Prominent upregulation of the NF-Kp pathway and genes’
Similar upregulation in relapsed patients even without
stromal co-culture
Direct or indirect inhibition of this pathway could
overcome EM-DR

» Proteasome inhibitors combined with ATO
1. Jacamo et al. Blood 2014
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Inhibiting NF- kB pathway by chemical inhibitor
or knockdown of p65 overcomes EM-DR to ATO

Bay11-7082 p65 knock down .
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Screening of Inhibitors
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Bortezomib (proteasome inhibitor) overcomes
EM-DR to ATO
150+
120+ NB4 (n=8 p=0.0001 APL (n=46)
S
100+ :
80" u
: 5 5
@ a .
< ! :
S B :
= 40- ' " 50 :
o %
Msc - - U
<l TR aMATO -+ + o+ o+
Bo(ng/ml) 0 0 0 20 40 60
Bortezomib at pharmacologically relevant concentrations, restores the
sensitivity of malignant promyelocytes to arsenic trioxide
Ganesan S et al. Leukemia 2016




Bortezomib has direct cytotoxicity on promyelocytic
leukemia cells

— 'S.No | Cell line IC50 (ng/ml)

80- 1 NB4 9.5
% 60- 2 NB4 EV-AsR1(A216V) 6.6
= 6  HS-5 NA
20- 8 MNC NA
S CEeIEAtE ToaraRe e 10 MSC (Primary) NA
Log Conc. of Bortezomib
NA- Not applicable since bortezomib did
n MSC not kill these cells at the concentrations
150 /_;_I/Hlﬁ used in the experiments.
E 1009
z
> 1. Ganesan S et al. Leukemia 2016
T 2. Canestraro M et al. Cancer Genet Cytogenet 2010
3. Takenokuchi M et al. Anticancer Res 2015

0.0 02040608101.2141.6 1.8 2.0
Log Conc. of Bortezomib
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Arsenic trioxide and bortezomib are
synergistic to each other

Combination index : 0.7 (Calcusyn software)

100

80- Mechanism of synerqgy:
g " » UPR pathway
5 Increase ROS and
S a0 decreased MMP
X N <« Activation of caspases

Log Conc of ATO

ATO IC50 - 0.9 uM
ATO + Bo IC50 - 0.2 uM

Ganesan S et al. Leukemia 2016
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Fate of PML-RARA with this combination?

Alternative pathway of PML-RARA
| degradation:

l i + Induction of autophagy

f n <+ Additive effect on combining

J 3¢ Te ATO with Bo
ﬁk ﬂ‘ + p62 dependent

4
‘Z LC3
M
g' AUTOPHAGY

ATO + Bortezomib treated Ganesan S et al. Leukemia 2016
Ganesan S et al. ASH 2016. Poster 3281
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Combination with ATRA and Mitoxantrone

a) 120+ b) —
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Viability (%)
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ATO sensitive ATO resistant

Ganesan S et al. Leukemia 2016
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Preliminary clinical experience

Case | Age | Sex | Relapse | Duration of last | Prior Post Duration of
number CR (months) autologous remission current CR
SCT SCT (months)

RS |25 |M 2 19 Yes No 61

BJ 31 (M 1 15 No Yes (auto) 60

TK |35 |M 2 24 Yes Yes (MUD) 60

SS 34 |(F 3 19 No No 5

AA |29 |(F 1 12 No No 42
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Phase |l Clinical Trial

<+ IRB approved: IRB Min 8225, 27" Feb, 2013

< Study is registered in the public domain -
Clinical Trials.gov: NCT01950611

< Proteasome inhibition in acute promyeloytic
leukemia (PIAPL)

< Open-labeled, single arm, single center Phase II
Study
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Phase |l Clinical Trial

Inclusion criteria:

<+ Diagnosis of relapsed PML-RARa positive APL
confirmed by RT-PCR.

< Patient or guardian willing to give informed consent /
assent. Must not have a psychiatric disorder(s) that
would interfere with consent, study participation, or
follow-up.

< Patients may have received hydroxyurea, 48 hours or
less of ATRA, and 1 dose of an anthracycline and still be
eligible for participation in this study.

< No age limit for entry into study.
<+ ECOG PS =2
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Phase |l Clinical Trial

Exclusion criteria:

< Intracranial bleed at diagnosis
< History of or active IHD/MI or CCF

< Acute hepatitis (Bilirubin 2 5mg% or liver enzymes 2 4
times above laboratory normal value)

< Acute renal failure or serum creatinine 2 2 mg%
< Pregnancy or lactation.
< Patients with proven intolerance to the study drugs
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Phase |l Clinical Trial

< Single centre study
< Target of 30 patients over three years

< Primary objective to study the safety of the
combination of ATO with bortezomib

< Secondary objective was to evaluate molecular
response rates, relapse rates, event free and
overall survival

< Comparison with historical control with interim
analysis at 2 years post first patient recruitment

<+ Stop study rules based on Grade Ill/lV non-
haematological toxicity were specified
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Phase |l Clinical Trial: schedule

Summary of phase Il study protocol

Autologous stem cell

2 2

u transplant
-
e 1 L
K-
L
] R
Q
- —. — . 2
Induction: minimum 4 weeks || Consolidation: || = \
maximum 60 days

v
EENER

[ ATO 10 mg/day (<45 kg = 0.15 mg/kg) IV EEEEEE
I ATRA 45 mg/m?/day in 2 divided doses PO EEEEEWE
l, Mitoxantrone 10 mg/m2?/day on day 1 and 2 IV T T T T T T
¢ Bortezomib 1.4/m?/day on day 2 and 5 SC Maintenance 10 days /
in induction and consolidation and only on day 2 month x 6 months
in maintenance
MR | Molecular remission No prophy|aXis for DS

h Approach to CNS disease
Intrathecal Methotrexate 12.5 mg / month. . .
6 doses in maintenance or post autologous SCT GQI’IQI’IC bortezomib
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I..Phase Il Clinical Trial
<~ Between Sep 2013 — June 2016
<+ n =18 enrolled (all received ATO upfront)
<+ Median age 24 years (range: 9 — 53)
« Males 9 (50%)

<+ Median time from diagnosis to first relapse was
21 months (range:8 — 128)

<« All patients had medullary disease with evidence
of hematological relapse at enroliment. 6 (33%)
had additional CNS involvement

<+ The median WBC and platelet count at diagnosis
was 2.9 (0.5-100.3) and 112 (15-192)x10°/Lt
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Phase Il Clinical Trial: Remission Induction

<+ Median time to CHR - 45 days (42 — 63)
« 17 (94%) were RT-PCR negative post induction
< All patients achieved molecular remission

<+ None of the patients had any major bleeding or
thrombotic events during induction

<+ One patient had a differentiation syndrome

<+ Median duration of admission for induction
therapy was 22 days (range: 0 — 38)
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Phase |l Clinical Trial: Toxicity profile

« Grade IV neurotoxicity as peripheral neuropathy
was seen in one patient. Discontinued Bo after 3
maintenance cycles

+ Rest < Grade Il. Transient, did not require dose
interruption

- Headache 8

- Peripheral neuropathy 2

- Hepatotoxicity 3

- diarrhea, mild rash, redness of eyes, oral ulcers,
vertigo (1 each)

<« Post induction no further in-patient admissions
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Phase Il Clinical Trial

<+ Post consolidation therapy and achieving
molecular remission

- 8 (44.4%) autologous SCT
- 11 (60.6%) maintenance therapy

<« All patients have completed intended therapy.

<« Actuarial median follow up 24 months
(range: 10 — 35)

<+ One patient who opted for maintenance therapy
relapsed 6 months after completing treatment

Historical control n = 29: Group 1
20 (69%) received an autologous SCT
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Comparison with historical control

Variables Group 1 (n = 29) Grou.p 2 (n=18) p-
Median (range) Median (range) value
FFP 4 (0-32) 0 (0-44) 0.045
Cryo 5.5 (0-42) 0 (0-35) 0.429
Platelet 11 (0-41) 10 (0-64) 0.538
PC 1.5(0-8) 1(0-5) 0.710

Median follow up

Relapses

Historical controls

Phase Il study

51 months

8 (27.6%)

24 months

1 (5.6%)
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Impact on coagulopathy:

<+ Reduction in coagulopathy

« Reduction in consumption of blood bank
products.

<+ Early data suggests reduction in TF, Annexin ll,
and reduction in Etosis (provisional)

<+ Potential to reduce incidence of differentiation
syndrome (hypothesis)




o

A. Overall survival

Group 2: 100%
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Comparison between historical Group 1 and Group |l patients
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Resource Utilization Using MicroCosting
Method and Cost Effectiveness Analysis of
Treatment of Acute Promyelocytic Leukemia

with Generic ArsenicTrioxide

Aniket Bankar, MD:, Uday Prakash Kulkarni, MD, DM:-, Anup Joseph Devasia, MD,
DM:-, Nisham PN, MD, DM:-, Anu Korula, MD, DM, Aby

Abraham, MD, DM, Alok Srivastava, MD:, Sezlian S, Visali Jeyaseelan, PhDs, Jasmine
Prasad, MD.., Biju George, MD, DM:and Vikram Mathews,

MD, DM;
ATO based Lifetime cost (US$)
Newly Diagnosed 8500
Relapsed 12200

Chemotherapy based

ND 24300
ASH 2017
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Conclusion:

<« Combination of ATO and bortezomib is well
tolerated. Optimal dose and schedule remain to
be defined

+ Larger study and longer follow up required

<+ More potent Pl are available - ? Greater efficacy
in combination

« If data holds out in non-autologous stem cell
arm, one could consider omitting this
procedure in relapsed APL.




o

AR
ttlsa))] DEPARTMENT OF HAEMATOLOGY
".(_x ”—'r."l.'l

Dept of Haematology

Dr. Poonkuzhali Balasubramanian
Dr. Biju George

Dr. Uday Kulkarni

APL group:
Ezhilarasi Chendamarai

Saravanan Ganesan
Ansu Abu Alex

Nithya Balasundaram
Hamenth Kumar Palani
Sachin David

Biostatistician:
Kavitha M Lakshmi

CSCR Vellore
Core facility

Acknowledgements

Funding:

[ wellcome st l

INDIA ALLIANCE
Senior Fellowship from The Wellcome Trust/DBT
India Alliance
Saravanan Ganesan - supported by a Senior
Research fellowship from Council for Scientific
and Industrial Research (CSIR)

/
Fepar leer §Rdo -French Funding
MlcroarravlgENE

Dr. Raja Mugasilingam, Genotypic Technology Ltd.,
Bengaluru.

GenoTyp%c

wwwwwwwwwwwwwwwwww

Collaborators:

Dr. Christine Chomienne and Dr. Rose-Ann Padua
Inserm UMR-S1131
Institut Univérsitaire d'Hématologie

Hopital Saint-Louis ASSISTANCE QHOPITAUX

PUBLIQUE DE PARIS
Prof. Hong-Hu Zhu
Peking University, Beijing




SRED Uhzy

D %
$ 2
~
] ) % =z
=4 4 =
= S
% NG
2 >
CHRISTIAN MEDICAL COLLEGE

VELLORE

Thank you for your attention

- oL LR
FEREILILTE ITE

i :4|--::r|,.[',,.5

el

prpe  |[SNEIE SE




