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Singapore Healthcare: Better value, better health

e 4 M
— Medisave
— Medishield, Medishield+
— Medifund
— Medilife
e Asset rich, cash poor — locked up in housing
e Tiered care — subsidized and private
e Medical Insurance




Higher spending does not mean better health
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Accurate risk assignment in ALL:
Stratified Medicine

NCI criteria — Age 1-10 years old & WBC < 50k
Cytogenetics

Favourable — Hyperdiploid>50; TEL-AML1, E2A-PBX1
Unfavorable — Hypodiploid < 44, BCR-ABL1, MLL-R

Minimal residual disease (MRD) quantitation




EFS by Age Groups
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Genetic Classification of ALL
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Cytogenetics and age in ALL
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Ma-Spore ALL 2003 5y- EFS
by cytogenetics/molecular

Favourable
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Imatinib — targeted therapy for BCR-ABL1

Unlimited growth



Alteration in B-cell development genes -> ALL
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Cumulative incidence

Intervening by intensification Ikaros deletion
(Ma-Spore ALL 2003 vs 2010)
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Diagnostic ALL BM Samples (n = 327)
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D424 repeats inserted after enhancer of IgH
In B-ALL, IgH enhancer active,
increase DUX4 expression
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ZNF384-rearranged leukaemia — good prognosis
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Qian M, ... Quah TC, Yeoh AEJ, Yang J. Gen Res 2017;27(2):185



IgH-DUX4 — a/w ERG deletion
lgH-DUX4, ZNF384 excellent outcome
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East Asian Ancestry has Lower 6MMP Tolerance

P =0.0034

MP dose intensity (%)
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N =205 93 222 82 61

Yang et al., ] Clin Oncol 2015
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Guanine pairs with cytosine — 3 hydrogen bonds
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Gertrude Elion — Nobel Prize 1988
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Mercaptopurine — designed analog to block pairing
Stuck Zipper — fail DNA replication

Guar s Cytosine
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Frequency of NUDT15 415T in NUH

T Allele Frequency in multiple races of Asians
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NUDT15 and TPMT wild type: Genetic score 0
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Combined NUDT15 and TPMT on MP Tolerance;
Ma-Spore ALL 2003 experience
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NUDT15 polymorphisms alter thiopurine metabolism
and hematopoietic toxicity

Takaya Moriyama®-2, Rina Nishii'»*?2, Virginia Perez- Andreu'*2, Wenjian Yang!, Federico Antillon Klussmann>,
Xujie Zhao!, Ting-Nien Lin!, Keito Hoshitsukil>%, Jacob Nersting’, Kentaro Kihira?, Ute Hofmann®°,

Yoshihiro KomadaZ?, Motohiro Kato!?, Robert McCorklel, Lie Lil, Katsuyoshi Koh!!l, Cesar Rolando Najera?,
Shirley Kow-Yin Kham!?, Tomoya Isobe!3, Zhiwei Chen'2, Edwynn Kean-Hui Chiew!2, Deepa Bhojwani'4,
Cynthia Jeffries!, Yan Lu!®, Matthias Schwab®%16:17 Hiroto Inaba!®, Ching-Hon Pui!®, Mary V Relling!,

Atsushi Manabe!®, Hiroki Hori?, Kjeld Schmiegelow”-2%, Allen E ] Yeoh!2:21, William E Evans! & Jun J Yang!

Widely used as anticancer and immunosuppressive agents, thiopurines have narrow therapeutic indices owing to frequent
toxicities, partly explained by TPMT genetic polymorphisms. Recent studies identified germline NUDTT15 variation as another
critical determinant of thiopurine intolerance, but the underlying molecular mechanisms and the clinical implications of this
pharmacogenetic association remain unknown. In 270 children enrolled in clinical trials for acute lymphoblastic leukemia

in Guatemala, Singapore and Japan, we identified four NUDT15 coding variants (p.Arg139Cys, p.Arg139His, p.Val18lle and
p-Val18_Val19insGlyVal) that resulted in 74.4-100% loss of nucleotide diphosphatase activity. Loss-of-function NUDT15
diplotypes were consistently associated with thiopurine intolerance across the three cohorts (P = 0.021, 2.1 x 10-> and 0.0054,
respectively; meta-analysis P = 4.45 x 1078, allelic effect size = —11.5). Mechanistically, NUDT15 inactivated thiopurine
metabolites and decreased thiopurine cytotoxicity in vitro, and patients with defective NUDT15 alleles showed excessive levels
of thiopurine active metabolites and toxicity. Taken together, these results indicate that a comprehensive pharmacogenetic model
integrating NUDT15 variants may inform personalized thiopurine therapy.

NATURE GENETICS VOLUME 48 | NUMBER 4 | APRIL 2016
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Combining NUDT15 and TPMT variants
Genetic score — 1 in 50 very sensitive to MP

Ma-Spore ALL 2003 (n=485)

Score 2,
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Minimal Residual Disease — quantitating
submicroscopic disease

o

Cytogenetics/
Molecular changes
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Treatment — MRD

Pharmacogenomics




MRD Kinetics — Flow or PCR MRD
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Minimal Residual Disease—Guided Treatment

or Children With Acute Lymphoblastic
Leukemia: Results From the Malaysia-Singapore Acute

Lymphoblastic Leukemia 2003 Study

Allen Eng Juh Yeoh, Hany Ariffin, Elaine Li Leng Chai, Cecilia Sze Nga Kwok, Yiong Huak Chan,
Kuperan Ponnudurai, Dario Campana, Poh Lin Tan, Mei Yoke Chan, Shirley Kow Yin Kham, Lee Ai Chong,
Ah Moy Tan, Hai Peng Lin, and Thuan Chong Quah

A truly Asian effort — NUS, NUH, KKH — Singaporeans, Asian children

University Malaya — Hany Ariffin, Wan Ariffin and team,
Sime Darby Medical Centre, KL — Lin Hai Pheng, Chan Lee Lee



Talloring leukaemia treatment

Rapid — | Therapy
clearance
Highly sensitive
Minimal Residual Disease
Measurement > Intermediate — ggme
1in 10,000 normal cells clearance Therapy

AIEOP-BFM 2 MRD markers

Ma-Spore 1 MRD marker
Slow clearance——» TTherapy
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AIEOP-BFM-ALL 2000:
Increased Relapse After Lowering Intensity of Delayed
Intensification in Negative MRD After Remission Induction

4-yr DFS 4y DFS 4y DFS

11 91.8% 90.7 81.6
| 95.8% 92.5 90.3
P= 0.04 0.26 0.04




Figure 19: Event-Free Survival ALL 2003 vs 2010 by Ma-Spore 2010 Risk Stratification (SR)
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Allogeneic NK cells

Ex vivo manipulated
Genetically modified NK cells (expanded
NEK celis or stimulated)
Anti-CD19 CAR

Haploidentical
NK infusions

Autologous
or allogeneic
Teells

Radioimmunoconjuga
Yttrium Y90 D22
Anti (D45

Anti-(D19 CAR

Immunotoxins
Anti-CD22-moxetumomab
Anti-(D22-inotuzumab
Anti-(D19-5AR3419 Monodonal antibodies
Anti-CD20-rituximab
Anti CD22-epratuzumab
Anti-CD52-alemtuzumab

Bhojwani and Pui
Lancet Oncol 2013; 14: e205-1

Antibody-based therapies



Outcome after Blinatumomab
relapsed ALL

A Overall Survival
Median Overall Survival (mo)

Blinatumomab 7.7 (95% Cl, 5.6-9.6)
10 Chemotherapy 4.0 (95% Cl, 2.9-5.3)
L o5 Hazard ratio, 0.71 (95% CI, 0.55-0.93)
§ 0.8- P=0.01
= 0.7+
o 0.6 Blinatumomab
8 05-
S 04-
g 0.3+ "—m-U»JLI_U.mLuL TR BT R
2 0.24 Chemotherapy g
e 0.l-
e 00 T T T T T T T ]
0 3 6 9 12 15 18 21 24
Months since Randomization
No. at Risk
Blinatumomab 271 176 124 79 45 27 9 4 0
Chemotherapy 134 71 41 27 17 7 4 1 0

Kantarjian et al. New Engl J Med 2017
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Inotuzumab Ozogamicin in R/R ALL

. .. Kantarjian H, et al. N Engl J Med 2016;375:740-53.
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Rituximab Ph-ve/CD20+ ALL
GRAAL 2005

Ritux given in Induction, Consolidation, DI, Maintenance 15! yea
Total 16-18 doses

—
S
-

Maury S, et al. N Engl J Med 2016;375:1044-53.

Rituximab 2 year EFS 65%
Relapse 18%

0.75
|

Control 2 year EFS 52%
Relapse 30.5%

probability of EFS
0.50
1

0.25
1

HR, 0.66 [0.45-0.98]
p=0.038

0.00
|

T T T T T
0 12 24 36 48 60 72

months
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control 104 63 45 34 25 19 14
rituximab 105 73 58 47 35 26 18
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Every body love CARs




Responses to CAR T Cells in Acute
Lymphoblastic Leukemia

Study Pts. enrolled Pts. with CR  Pts. with
negative MRD

Davila et al. Science 16 14 12

Transl Med 2014

Maude et al. NEJM 30 27 2%

2014

Lee et al. Lancet 20 14 12

2014

Total 66 55 (83%) 46 (70%)

*MRD studies not performed in 2 of the 27 patients who
achieved CR

10 relapses, 5 CD19-negative




Immunotherapy anti CD19

Effective CAR — more than parts

CAR-T persistence - a few months

T-cell anergy

Quality of T-cell

— after multiple chemotherapy difficult
CAR-T grow faster &sustained > tumour
— Effector: Target

USS500k per dose




Personalised Medicine

Current

Morphology
+ cytochemistry
Flow cytometry
BvsT
Cytogenetics
Hyperdiploid > 50
Hypodiploid < 44

OFT
BCR-ABL1
MLL-AF4
E2A-PBX1
ETV6-RUNX1

Future

Real-time PCR
MRD
Multiparametric flow
Flow MRD

Pharmacogenomics
TPMT, NUDT15

Microarray GEP

Next generation sequencing
RNA seq
Exome profiling
Whole genome seq
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Ma-Spore ALL Study Group
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