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BCR-ABL inhibitors have improved patient outcomes

Ph+ ALLCP-CML

With permission from Kantarjianet al. Blood20121 With permission from Fieldinget al. Blood20142
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BCR-ABL inhibitors have improved patient outcomes

Survival improvements have been greater in CP-CML compared with Ph+ ALL
How might we improve Ph+ ALL survival curves?

Ph+ ALLCP-CML

With permission from Kantarjianet al. Blood20121 With permission from Fieldinget al. Blood20142
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The BCR-ABL treatment landscape

Å Following the discovery of imatinib, resistance mutations were 
identified in patients

Å Dasatiniband nilotinib target many, but not all imatinib resistance 
mutations

Å Ponatinibwas developed to target all resistance mutations, including 
T315I gatekeeper
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Ponatinib inhibits all single BCR-ABL mutants, including T315I, 

in preclinical models3

Mutagenize WT BCR-ABL

Ponatinib40 nM

WT (No mutant)

Single Mutant

3OôHare et al. Cancer Cell 2009;16(5):401ï412
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Certain compound mutations, often involving T315I, 

cause resistance to ponatinib3,4

Mutagenize  BCR-ABL T315I

T315I

Ponatinib40 nM

Compound Mutant

Compound mutations also associated with resistance to all other BCR-ABL TKIs

Mutagenize WT BCR-ABL

Ponatinib40 nM

WT (No mutant)

Single Mutant

3OôHare et al. Cancer Cell 2009;16(5):401ï412
4Zabriskie et al. Cancer Cell 2014;26(3):428ï442 6



In the PACE trial, ponatinib induced high response rates in heavily 
pretreated CP-CML and Ph+ ALL patients5

Å Pivotal phase 2 PACE Trial: >90% of patients treated with 2 or more TKIs

Å High response rates observed in patients with and without T315I

Refractory CP-CML (PACE trial) Refractory Ph+ ALL (PACE trial)

5Cortes et al. N Engl J Med 2013;369:1783-1796
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In the PACE trial, duration of response to ponatinib was 
substantially shorter in refractory Ph+ ALL vs CP-CML patients5

In CP-CML responses are durable In Ph+ ALL responses are lost by 12 months

19/130 Gain**
4/130 Compound****

13/20 Gain**
12/20 Compound****

Refractory CP-CML PACE trial Refractory Ph+ ALL PACE trialRefractory CP-CML (PACE trial) Refractory Ph+ ALL (PACE trial)

5Cortes et al. N Engl J Med 2013;369:1783-1796
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Long-term efficacy of ponatinib in refractory Ph+ ALL, but not 
CP-CML, is limited by the development of compound mutations6

19/130 Gain**
4/130 Compound****

13/20 Gain**
12/20 Compound****

Mutation status at EOT

OR (95%CI), p-value
**4.1 (1.6-10.5), 0.003
****18.9 (5.1-88.8), 4e-7

3% Compound 60% Compound

Refractory CP-CML PACE trial Refractory Ph+ ALL PACE trial

19/130 Gain**
4/130 Compound****

13/20 Gain**
12/20 Compound****

Refractory CP-CML (PACE trial) Refractory Ph+ ALL (PACE trial)

6Data on file, ARIAD, Boston, MA.
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Outcomes with ponatinib in refractory Ph+ ALL 
mirror pre-clinical observations3,6

Mutagenize  BCR-ABL T315I

Compound

60% Compound

13/20 Gain**
12/20 Compound****

Refractory Ph+ ALL PACE trialRefractory Ph+ ALL (PACE trial)

3OôHare et al. 2009 Cancer Cell;16(5):401ï412
6Data on file, ARIAD, Boston, MA. 10



When do compound mutants arise in refractory patients?

If compound mutations arise prior to ponatinib treatment would suggest a pan-
inhibitor should be used early

Single Mutant
Compound Mutant

Compound mutant pre-exists Compound mutant arises during therapy

Ponatinib Ponatinib
Prior

treatment
Prior

treatment



Å Duplex sequencing overcomes limitations 
of traditional NGS techniques 

Single molecule and single strand barcode

Orders of magnitude higher resolution

Å But it only detects pre-existing mutants in 
a minority of patients

7/30 patients with mutation gains on 
ponatinibwere detectable

Possibly limited by sample collection, 
preparation

Can pre-existing mutations be detected using duplex 

sequencing?7-9

7Schmitt et al. PNAS 2012;109(36):14508ï14513. 8Schmitt et al. Nat Methods 

2015;12:423ï425. 9Kennedy et al. Nat Protoc 2013;9:2586ï2606 12
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mutations/base pair/genome

Duplex Sequencing also allows measurement of the 

ñmutation burdenò10

10Schmitt et al. In preparation
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