
Acute Lymphoblastic Leukaemia in Singapore: 
Why we need local trials

A/Prof Allen Yeoh 

Viva-Goh Foundation A/Prof in Paediatric Oncology

Khoo Teck Puat-National University Children’s Medical Institute, NUH

Yong Loo Lin School of Medicine, NUS

National University Health System



Singapore Healthcare: Better value, better health

• 4 M 

– Medisave

– Medishield, Medishield+

– Medifund

– MediLife

• Asset rich, cash poor – locked up in housing

• Tiered care – subsidized and private

• Medical Insurance
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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

P value=0.000

1yr-9yr 8yr EFS 83.8% n=440

>9yr 8yr EFS 73.4% n=116

<1yr 8yr EFS 52.4% n=24



Genetic Classification of ALL

Pui et al. J Clin Oncol



Cytogenetics and age in ALL
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Harrison C. Hematology 2014



Ma-Spore ALL 2003 5y- EFS 
by cytogenetics/molecular 

Favourable 87.4% (n=254)  

Intermediate 79.7% (n=283)  

Adverse 42.2% (n=53)  

Favourable

• high hyperdiploid, 

• ETV6-RUNX1, 

• TCF3-PBX1)

Intermediate

• normal karyotype

• Others

•

Unfavorable 

• Hypodiploid <45

• MLL-rearrangement, 

• BCR-ABL1 and 

• SIL-TAL1

• subgroups

P<0.001 



Imatinib – targeted therapy for BCR-ABL1

Unlimited growth



Alteration in B-cell development genes -> ALL 



IKZF1 (P<0.001) IKZF1 (P=0.178)

N=46, 0.33 (0.20‒0.46)

N=289, 0.11 (0.07‒0.14)

N=35, 0.17 (0.05‒0.35)

N=162, 0.09 (0.04‒0.16)

Intervening by intensification Ikaros deletion 
(Ma-Spore ALL 2003 vs 2010)



Diagnostic ALL BM Samples (n = 327)
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D4Z4 repeats inserted after enhancer of IgH
In B-ALL, IgH enhancer active, 

increase DUX4 expression 



ZNF384-rearranged leukaemia – good prognosis

Qian M, … Quah TC, Yeoh AEJ, Yang J. Gen Res 2017;27(2):185



ZNF384

IgH-DUX4

IgH-DUX4 – a/w ERG deletion
IgH-DUX4, ZNF384 excellent outcome



East Asian Ancestry has Lower 6MP Tolerance

Yang et al., J Clin Oncol 2015 





Guanine pairs with cytosine – 3 hydrogen bonds



Gertrude Elion – Nobel Prize 1988 



Mercaptopurine – designed analog to block pairing
Stuck Zipper – fail DNA replication 



NUDT 15

TMPT TMPT



Frequency of NUDT15 415T in NUH



NUDT15 and TPMT wild type: Genetic score 0

NUDT15 415CC
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Combined NUDT15 and TPMT on MP Tolerance;
Ma-Spore ALL 2003 experience

Moriyama et al. Nat Gen 2016





C415T

NUDT15 variants 

c36_37insGGAGTC

c36_37insGGAGTC

G52A

C415T

G416A

*6



Combining NUDT15 and TPMT variants
Genetic score – 1 in 50 very sensitive to MP

Score 0, 
77.5%

Score 1, 
20.5%

Score 2, 
2.0%

Ma-Spore ALL 2003 (n=485)



Minimal Residual Disease – quantitating 
submicroscopic disease

Cytogenetics/

Molecular changes
Pharmacogenomics

Treatment MRD



MRD Kinetics – Flow or PCR MRD
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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



Tailoring leukaemia treatment

Highly sensitive

Minimal Residual Disease 

Measurement

1 in 10,000 normal cells

AIEOP-BFM  2 MRD markers

Ma-Spore       1 MRD marker

Rapid 

clearance
Therapy

Intermediate 

clearance

Slow clearance

Same

Therapy

Therapy





AIEOP-BFM-ALL 2000: 

Increased Relapse After Lowering Intensity of Delayed 

Intensification in Negative MRD After Remission Induction

Schrappe et al. 2016 ASH

4-yr DFS 4y DFS
<10y

4y DFS
>10y

III 91.8% 90.7 81.6

II 95.8% 92.5 90.3

P= 0.04 0.26 0.04





Bhojwani and Pui

Lancet Oncol 2013; 14: e205–17



Outcome after Blinatumomab

relapsed ALL

Kantarjian et al. New Engl J Med 2017
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NCI HR, hypodiploid ALL, ?Li Fraumeni
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Inotuzumab Ozogamicin in R/R ALL

Kantarjian H, et al. N Engl J Med 2016;375:740-53. 



Rituximab Ph-ve/CD20+ ALL

GRAAL 2005

Rituximab  2 year EFS 65%

Relapse 18% 

Control 2 year EFS 52%

Relapse 30.5% 

Ritux given in Induction, Consolidation, DI, Maintenance 1st year

Total 16-18 doses
Maury S, et al. N Engl J Med 2016;375:1044-53. 

http://127.0.0.1:8091/ASH2015/abimages/Paper_82882_abstract_155236_0.png
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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 

Transl Med 2014
16 14 12

Maude et al. NEJM

2014
30 27 22*

Lee et al. Lancet

2014
20 14 12

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 
US$500k per dose



Personalised Medicine

Current 

Morphology 

+ cytochemistry

Flow cytometry

B vs T

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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