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Future Developments in CML Therapies

� Development of  methodologies  to detect high 
risk patients and the integration of stem cell 
transplant in the treatment of CML

nd� Transition of 2nd generation Tyrosine Kinase 
Inhibitors (TKI’s)  to frontline therapy.

� New Experimental Drugs for CML



Identification of High Risk Patients:

Current Therapy is Not Perfect



On imatinib study treatment 66%

Discontinuation/crossover 34%

- Side effects/other AEs 5%

IRIS 6-Year Update

Patients on Study/Discontinuations

- Side effects/other AEs 5%

- Deaths (CML - unrelated) 2%

- Lack of efficacy / progression     14%

- Withdrawal of consent 6%

- Other reason (incl. SCT, lost to follow-up)8%

Hochhaus A, et al . Blood . 2007; 110. Abstract 25.



Progression Free and Event Free 
Survival
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Current Clinical Predictors
• Sokal score at diagnosis

• Formula developed during 
the busulfan era

• Incorporates

� Age

� Spleen size

• Hasford score at diagnosis
• Formula developed during the 

interferon era
• Incorporates 

� Age
� Spleen size
� Blast percent

� Blast percent

� Platelet count

� Blast percent
� Eosinophil percent
� Basophil percent
� Platelet count

Druker B et al. N Engl J Med. 2006;355:2408-2417.
Goldman JM. Blood. 2007;110(8):2828-2837.

Thomas MJ et al. J Clin Pathol. 2001;54:491-493.

IRIS study: Patients with a high risk Sokal score had a lower rate of 
CCyR (69%) than those with low or intermediate risk scores (89% and 
82%, respectively). Sokal score did NOT predict rel apse in patients in 
whom a CCyR was achieved.



PK Exposure by Body Weight (BM) and 
Body Surface Area (BSA)
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� Weak correlation between imatinib trough level and BW 
or BSA, but high variability between patients 

� Patients can take 400 mg daily regardless of BW and 
BSA

Larson RA, et al . Blood . 2006; 108. Abstract 429.
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The Early Prediction of Response – MMR

For imatinib-treated patients (400 mg), the initial 
molecular response is predictive of MMR

Hughes T, Branford S. Blood Rev. 2006:20:29-41.



Probability of a Resistant Mutation 
Emerging During Therapy

Branford S, et al. Blood. 2008;112 . Abstract 331.



Hammersmith Scoring System: 
Key Findings

• The Hammersmith scoring system can predict 
cytogenetic response to second-generation 
TKIs
� Low score: likely to benefit from dasatinib or � Low score: likely to benefit from dasatinib or 

nilotinib
� Intermediate score and poor transplant risk: could 

be treated with dasatinib or nilotinib; 3- and 6-month 
responses could guide decision to continue therapy 
or proceed to allo-SCT

� High score: likely to benefit from allo-SCT

Milojkovic D, et al. Blood . 2008;112 . Abstract 332.



Imatinib Treatment and Imatinib Treatment and 
TransplantationTransplantationTransplantationTransplantation



Impact of Imatinib on Allotransplant 
Outcome for Patients With CML

� Imatinib standard first-line therapy for CML
� Most patients undergoing allotransplant 

have received imatinib
� Retrospective analysis of CIBMTR data
� 409 patients from CIBMTR treated with � 409 patients from CIBMTR treated with 

imatinib before allotransplant (IM+) and 
900 patients not treated with imatinib 
before allotransplant (IM-)
• Patients received allotransplant between 

1999-2004 at 
82 centers Lee S, et al . Blood . 2007;110. Abstract 738.



Impact of Imatinib on Allotransplant 
Outcome for Patients With CML (cont’d)

� Patients in first chronic phase treated with imatinib 
(IM+) vs those not treated with imatinib (IM-)
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� Matched pairs analysis of IM+ cases to IM- controls 
also indicated imatinib in first chronic phase before 
allotransplant associated with increased survival 
(RR: 0.48; P = .001)
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Lee S, et al . Blood . 2007;110. Abstract 738.



Transition Transition of 2nd Generation of 2nd Generation 
Tyrosine Kinase Inhibitors to Tyrosine Kinase Inhibitors to Tyrosine Kinase Inhibitors to Tyrosine Kinase Inhibitors to 

Front line Front line TherapyTherapy



Concerns

� Sequential treatment of Imatinib resistant 

CML has a high response rate with Nilotinib 

or Dasatinib (70% to 90%)

� Only 40 - 50% achieve CCR� Only 40 - 50% achieve CCR

� This and the remission duration figures may 

suggest a constant risk of relapse and new 

patterns of resistance



Phase II Trial: Nilotinib as First-line Treatment 
of CP-CML (GIMEMA CML Working Party)

• Open-label, single-stage, multicenter, Phase II trial

• Nilotinib 400 mg BID

• 73 patients enrolled

� 55% intermediate/high Sokal risk� 55% intermediate/high Sokal risk

• Median duration of exposure: 337 days (185-467)

• Minimum follow-up

� 6 months: 73 (100%)

� 12 months: 32 (44%)

• Dosing at 6 months: 800 mg (75%), 400 mg (25%)
Rosti G, et. Blood . 2008;112. Abstract 181.CP-CML: chronic-phase CML



GIMEMA Nilotinib Trial: Key Findings

• Responses at 6 months

� CCgR: 97%

� MMR: 66%

• Responses independent of age• Responses independent of age

• Adverse events primarily grades 1 and 2

• Longer follow-up needed to evaluate the effects 
of these early results on long-term outcomes

Rosti G, et. Blood . 2008;112. Abstract 181.



Nilotinib in Previously Untreated 
CP-CML

• Phase II open-label trial with comparison to 
historical imatinib data

• Nilotinib 400 mg twice daily
� Reduced to 200 mg twice daily then 200 mg daily if 

neededneeded
� Dosing stopped for:

o Major cytogenetic response at 6 months
o MMR at 12 months
o Unacceptable AEs

• Primary endpoint: MMR at 12 months
• Most (90%) patients had low or intermediate 

Sokal risk Cortes J, et al Blood . 2008;112. Abstract 446.



Nilotinib Best Responses

• At a median of 12 months (1-36) follow-up, all patients achieved 
a CHR
� 21% Achieved complete molecular response

o Rapid � 3 log10 reduction in BCR-ABL transcripts observed from 
6 to 36 months

Best response, % N = 53

CHR (n = 47) 100%

CCyR (n = 46) 98%

MMR (n = 47)

� Complete molecular response

53%

21%

Cortes J, et al. ASH 2008. Abstract 446.



Phase II Trial: Dasatinib in Untreated 
CP-CML

• Open-label, Phase II trial
• Dasatinib 100 mg/d
• 50 patients enrolled (49 evaluable for efficacy)

� N = 25 at 50 mg BID
� N = 25 at 100 mg QD
� 48% intermediate/high Sokal risk

• Median follow-up: 23 months (1-34)
• CHR: 100%
• CCyR: 98% 
• MMR: 50% / CMR: 6%

Cortes J, et al Blood . 2008;112. Abstract 182.



Investigational ABL Kinase Inhibitors
• Second generation - T315I-ineffective 

(in vitro)
� SKI-606 (Bosutinib)
� INNO-406

• Third generation - T315I-effective (in vitro)
� Aurora Kinase Inhibitors:� Aurora Kinase Inhibitors:
� XL228
� AP24534
� DCC-2036

• BCR- ABL Protein Inhibitors
� HSP-90 Inhibitors
� H-DAC Inhibitors



MK0457 in T315I CML

• Aurora kinase inhibitor, with T315I and JAK2 
activity

• 15 pts (11 with T315I) with refractory CML Rx 
with MK 8-32 mg/m2/hr x 5 days

• 11 pts with T315I: 1 CG CR, 2 CG PR, 1 CG 
minor, 1 HR 

• Response in 5/11 pts

Giles, et al .  Blood . 2006;108. Abstract  163.



MK-0457 Phase I: Patient with 
T315I CML-BP
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XL228
� Protein kinase inhibitor with potent activity 

against 

• WT Bcr-Abl

• T3151 Bcr-Abl 

• IGF1R• IGF1R

• Src

� Blocks downstream signaling from Bcr-Abl 
T3151 cell lines

� Modulates pCrkL levels in mouse K562 
xenografts

Cortes J, et al. Blood .2008; 112: Abstract 3232.



Biochemical IC50S of XL228 and 
Comparator Compounds (nM)

Cortes J, et al. Blood .2008; 112: Abstract 3232.



Changes in WBC Count After Initiation of 
Dose Escalation of XL228

� Chronic-phase CML subject with leukocytosis 

managed intermittently with hydroxyurea had 

normalization of WBC on XL228 alone after dose 

escalation to 3.6 mg/kg 

� CML subject in lymphoid blast crisis with F317L 

mutation experienced a sharp drop in WBC and 

circulating peripheral blasts on XL228 alone 

� Chronic phase CML subject harboring the T315I 

mutation achieved a partial hematologic response 

after 8 doses of XL228 Cortes J, et al. Blood .2008; 112: Abstract 3232.



Cortes J, et al. Blood .2008; 112: Abstract 3232.



Cortes J, et al. Blood .2008; 112: Abstract 3232.



Cortes J, et al. Blood .2008; 112: Abstract 3232.



AP24534 inhibits proliferation of Ba/F3 cells conta ining Bcr-Abl 
mutations resistant to first or second generation i nhibitors

Cellular Proliferation – 72 hour assay
IC50(nM���� SEM)

Bcr-Abl                  AP24534                Ima tinib                  Dasatinib (4) Nilotinib (6)

WT                         0.5 ���� 0.2                   224                             0.8                                 13

M244V                   2.2 ���� 1.1                  2097                            1.3                                 38

G250E                   4.1���� 1.6                   1295                            1.8                                 48                  

Q252H                   2.2 ���� 0.9                  1364                            3.4                                 70  

Y253F                    2.8 ���� 0.3                 >3125                           1.4                                125

Y253H                    6.2 ���� 3.3                >3125                           1.3                                450Y253H                    6.2 ���� 3.3                >3125                           1.3                                450

E255K                   13.7 ���� 3.2               >3125                           5.6                                200

E255V                   35.7 ���� 15.8             >3125                            11                                430

T315A                    1.6 ���� 0.8                  1653                          125(5)                              61

T315I1                    1.4 ���� 3.7                >3125                          >200                            >2000

F317L                     1.1 ���� 0.5                  501                              7.4                                 50

F317V                   10.2 ���� 2.4                 350 (5)                       53 (5)                               nd

M351T                    1.5 ���� 0.7                   976                           1.1                                  15

F359V                   10.4 ���� 3.5                 2094                           2.2                                 175

H396P                    1.1 ���� 0.7                   515                           0.6                                   41

Parental                1713 ���� 137              >10000                      >200                              >2000

Rivera VM, et al. Blood. 2007;110:  Abstract 1032.



• The occurrence of T315I  is between 10 and 
15% of the mutations 

• The prognosis of patients with T315I is not 
different than the patients with other mutationsdifferent than the patients with other mutations

• Novel therapies are showing activity directed 
against T315I



“Cure” of CML“Cure” of CML
(sustained remissions off therapy)(sustained remissions off therapy)



CML Stem Cells Are Resistant 
to Imatinib

- Imatinib mesylate

Resistant

+ Imatinib mesylate

Fluorescence

Resistant
(quiescent) 

CML 
stem cells

Graham SM, et al. Blood . 2002;99(1):319-25.



Stop Imatinib (STIM) Study Update
• Patients enrolled at 22 centers in France 

beginning July 2007
� Complete molecular remission ³ 2 years during 

imatinib

• Primary objective: persistence of complete 
molecular remissionmolecular remission

• Baseline characteristics (N = 69; 60 patients 
with 
>1-month follow-up data)
� Previous treatment with IFN: 52%

� Median follow-up: 5 months (1-16)
Mahon F, et al. Blood. 2008; 112.  Abstract 187.



STIM: Molecular Relapse

• Molecular relapse occurred in 28 patients (41%)
� Primarily observed within 6 months of imatinib 

discontinuation (N = 27)
o 13 Received prior IFN
o 14 Treated with imatinib only

� 7 Patients maintained complete molecular � 7 Patients maintained complete molecular 
remission 
after 14 months

o 5 Received prior IFN

� 1 Patient has maintained complete molecular 
remission 
at 16 months

Mahon F, et al. Blood. 2008; 112.  Abstract 187.



STIM Key Findings
• Complete molecular remission maintained in 

substantial proportion of patients following imatinib 
discontinuation
� Trend toward greater likelihood of sustained molecular 

remission in IFN-treated group

• Imatinib discontinuation feasible following sustained • Imatinib discontinuation feasible following sustained 
complete molecular remission

• Longer follow-up with larger number of patients 
needed 
to identify factors influencing durability of complete 
molecular remission

• Study design is problematic and complicates 
interpretation of outcomes

Mahon F, et al. Blood. 2008; 112.  Abstract 187.


