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Survival in Early Chronic Phase CML

Quintas-Cardama, et al. Mayo Clin Proc . 2006; 81: 973-88.



Survival Post Imatinib Failure by CML Phase

Kantarjian, et al. Cancer . 2007; 109: 1556-60.



IRIS 7-Year Update
Outcome After Imatinib

At least 
37% eligible 
for 2 nd line 

therapy 

O’Brien, et al. Blood. 2008; 112: Abstract 186.

therapy 



Refractory CML: Rational 
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� Who to treat?

� When to treat?� When to treat?

� Treat with what?

� How long to treat?
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Criteria for Failure and Suboptimal 
Response to Imatinib

Time (mo)
Response

Failure Suboptimal Warning
Diagnosis High risk, 

del der (9), CE
3 No HR No CHR NA
6 No CHR

100% Ph+
� 35% Ph+ NA6 No CHR

100% Ph+
� 35% Ph+ NA

12 � 35% Ph+ � 5% Ph+ No MMR
18 � 5% Ph+ No MMR (<3-

log � BCR-
ABL/ABL)

NA

Any Loss of CHR
Loss of CCgR

Mutation

CE
Loss of MMR

Mutation

� transcript levels, 
chromosomal 

changes in Ph-

Baccarani, et al. Blood. 2006;108: 1809-20.



Outcome for Patients Not in CCyR at 3, 6 
and 12 Months
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Proposed Management of CML 
Depending on Response

Response Management (2006)
Failure Continuing IM at current 

dose no longer appropriate

Suboptimal May still have substantial Suboptimal May still have substantial 
benefit from IM but long-term 
outcome not likely as 
favorable

Warning Standard dose IM may not be 
best choice

Baccarani, et al. Blood. 2006;108: 1809-20.



Event-Free Survival by Response to 
Imatinib at 6 and 12 Months

1.0

•281 pts with CML CP treated with imatinib frontline 
(400mg in 73, 800mg in 208 )

•Suboptimal response at 6-12 months: 12-17% with 
400mg, 1-4% with 800mg (p=0.002)
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Alvarado, et al. Cancer. 2009 (In press).
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Better Outcome on Dasatinib with Earlier 
Intervention

• Patients on dasatinib studies analyzed by failure 
status on imatinib: loss of CG response vs loss of 
CHR

• Status at IM 
failure

No.
Percentage

CCyR 2-yr EFS 2-yr PFSfailure CCyR 2-yr EFS 2-yr PFS

Loss of MCyR 151 72 89 98

Loss of CHR & 
MCyR

33 42 29 93

Loss of CHR, 
never MCyR

109 26 64 79

Quintas-Cardama, et al. Cancer . 2009 (In press).



Response to Imatinib After Imatinib 
Failure by Response to IFN

Response to 
imatinib

Percent by relapse type

Hematologic Cytogenetic

CHR 99 98

Cytogenetic 74 88

Complete 41 76

Partial 16 7

Minor 17 5

Kantarjian, et al. N Engl J Med . 2002;346: 645-52.
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Outcome After Imatinib Dose Increase 

• 102 patients with imatinib dose escalation after im atinib 
failure (n=85), suboptimal (n=9), or other (n=8)

• Dose ��� � from 400 ��� � 800 (n=86) or 300 ��� � 600 (n=16)
• Median follow-up after dose ��� � : 50 mo (range 3-83) 

% outcome after dose ��� � 2-year (%) 
from dose ��� �

CCyR MMR Loss EFS TFSCCyR MMR Loss
CCyR EFS TFS

Failure 40 8 18
85 86Cytogenetic 52 10 17

Hematologic 5 4 33
Suboptimal 0/1 1/9 (11) 0 88 100
Other 4/4 ** 4/8 (50) 0 100 100
• Median time to cytogenetic response 9 mo

Jabbour, et al. Blood . 2009;113:2154-60.



Inhibition of Bcr-Abl

ATP-binding
T315I-active

Non-kinase 
InhibitionBcr-Abl Abl & Src

Imatinib Dasatinib AP24534 17-AAG

Nilotinib Bosutinib DCC-2036 HDAC

INNO-406 XL228 HHT

AZD 0530 PHA-739358 ATO

KW-2449



Comparative Efficacy of TKI Against 
Bcr-ABL-Transfected Ba/F3 Cells

O’Hare, et al. Cancer Res . 2005;65:4500-5.



Dasatinib in CML Chronic Phase After 
Imatinib Failure (START-C)

• 387 pts; IM resistance 74%; dasatinib 70 mg BID; 
minimum follow-up 24 mo

• Parameter Percent
MCyR / CCyR 60 / 51

IM Resistant 55 / 44IM Resistant 55 / 44
IM Intolerant 82 / 78

24-mo MMR 40
24-mo Duration MCyR 88
24-mo PFS 81

MCyR at 12 mo 94
No MCyR at 12 mo 79

Baccarani , et al. Blood . 2008;112: Abstract 450.



Dasatinib vs HD Imatinib in CML (START-R)
• 150 pts post failure of IM 400-600 mg/d
• Randomized (2:1) to dasatinib 70 mg BID vs IM 400 mg 

BID; median FU 15 months
• Endpoint: CG response at 12 weeks � crossover

• Outcome
Percent Response

Dasatinib HD IM p value

CHR 93 82 0.03CHR 93 82 0.03

MCyR 53 33 0.017

CCyR 44 18 0.002

MMR 29 12 0.028

• PFS better with dasatinib (HR 0.14; p<0.0001)
• More grade 3-4 ��� � plts (57% vs 14%) and neuts (63% vs 

39%), and pl. effusions (17% vs 0%) with dasatinib
Kantarjian, et al. Blood. 2007;110: Abstract 736.



Nilotinib in CML Chronic Phase Post 
Imatinib Failure

• 321 pts with imatinib resistance (71%) or 
intolerance (29%)

• Median age 58 yrs; median exposure 19 mo
• Nilotinib 400mg PO BID �  6 months
• Outcome Percent
- CHR 76- CHR 76
- MCyR / CCyR 59 / 44

Resistant 56 / 41
Intolerant 65 / 51

- 24-month OS / PFS 88 / 64

Kantarjian, et al. Blood . 2008;112: Abstract 3238.

• Median dose intensity 790 mg/d
• Grade 3-4 �  plts 31%, neuts 31%; lipase elevation 

17% (pancreatitis <1%), bilirubin 8%



Bosutinib (SKI–606) in CML and Ph+ ALL
•Src-Abl inhibitor 30x more potent than IM

–No inhibition of PDGFR, c-kit
•321 CP pts; median time from Dx 52 months
•Bosutinib 400-600 mg/d; Phase II 500 mg/d
•Median follow-up 7 months
•Response (%) in CP, prior imatinib only (N = 102)

Resistant
N = 69

Intolerant
N = 33N = 69 N = 33

CHR 81 82
MCyR 45 51

CCyR 32 40
MMR 42 39

CMR 22 32
• G 3-4 toxicity: thrombocytopenia 21%, neutropenia 
12%, diarrhea 8%, rash 7%, 

Cortes, et al.  Blood . 2008;112: Abstract 1098.



Dasatinib and Nilotinib in CML
Parameter Dasatinib Nilotinib Bosutinib

Potency (fold vs IM) 325 30 20-50

Target Src & Abl Abl Src & ABL

BCR-ABL binding Active + Inactive Inactive Intermediat e

Resistant mutations T315I T315I T315I

Mutations with 
intermediate sensitivity

E255K/V, V299L, 
F317L

E255K/V, Y253F/H, 
Q252H, F359V

F317L, 
E255V/Kintermediate sensitivity F317L Q252H, F359V E255V/K

Standard dose (CP) 100mg QD 400mg BID 500mg QD

Grade 3-4 neutropenia & 
thrombocytopenia

33%/22% 31%/33% 12%/21%

Other notable toxicities
Pleural effusion, 

bleeding
Bilirubin, lipase 

elevation
Diarrhea, rash

C-kit inhibition (vs 
imatinib)

Increased Similar None

PDGFR inhibition (vs 
imatinib)

Increased Similar None

Clinical activity Highly active Highly active Highly a ctive



2nd Generation TKI in CML:
Analyzing the Differences

Difference Comment
• Potency (vs IM) • Incremental clinical benefit?

• Effective plasma levels
• Src inhibition • Role of Src in CML and 

resistance?
• Efficacy vs toxicity•

• Selectivity • Less toxicity?
• Active + Inactive 

Configuration
• Significance?

• Less sensitive 
mutations

• “P-loop” vs F317L, V299L: 
significance?

• Toxicity • Pleural effusions, GI Bleed 
vs Bilirubin, lipase

• Clinical activity • Equivalent?



How to Select 2 nd Generation TKI?
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Sensitivity of Mutations to TKI
IC50-fold increase (WT=1)

Imatinib Bosutinib Dasatinib Nilotinib
WT 1 1 1 1
L248V 3.54 2.97 5.11 2.80
G250E 6.86 4.31 4.45 4.56
Q252H 1.39 0.31 3.05 2.64
Y253F 3.58 0.96 1.58 3.23
E255K 6.02 9.47 5.61 6.69
E255V 16.99 5.53 3.44 10.31
D276G 2.18 0.60 1.44 2.00
E279K 3.55 0.95 1.64 2.05
V299L 1.54 26.10 8.65 1.34
T315I 17.50 45.42 75.03 39.41
F317L 2.60 2.42 4.46 2.22
M351T 1.76 0.70 0.88 0.44
F359V 2.86 0.93 1.49 5.16
L384M 1.28 0.47 2.21 2.33
H396P 2.43 0.43 1.07 2.41
H396R 3.91 0.81 1.63 3.10
G398R 0.35 1.16 0.69 0.49
F486S 8.10 2.31 3.04 1.85

Redaelli, et al. Blood . 2008;112: Abstract 3220.Highly Resistant / Resistant / Sensitive



Response Rates by Individual Mutation 
In vitro IC50 to Dasatinib (Excluding T315I)

IC50 to dasatinib 
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Hochhaus, et al. Blood. 2008; 112: Abstract 1095. 
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IC50 >3nM: Q252H, 
E255K/V, V299L, 
T315I, & F317L

7% of all patients



Nilotinib Efficacy According to 
Baseline BCR-ABL Mutations in CML-CP
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Hochhaus, et al. Blood . 2008;112: Abstract 3216.

IC50 >150nM: Y253H, 
E255K/V, T315I, & 

F359C/V
16% of all patients



Emergence of Mutations with 
Sequential TKI Therapy

Verma, et al. Am J Hematol. 2009;84: 256-7.



Spectrum and frequency of BCR-ABL KD 
mutations recovered after TKI therapy

• T315I and F359V recovered after treatment with SKI- 606
Cortes, et al. Blood . 2007;110: 4005-11.



+E255K (1)

+Y253H (3)

+Q252H (1)

M244V (1)

In vitro 
models*

This series
N=15

NILOTINIB

+V299L (3)

G250E (1)

In vitro 
models*

This series
N=10

DASATINIB

Occurrence of Mutations Predicted from In 
Vitro Models 

67% patientsTotal match

H396P/R (2)

E453K (1)

+F359V/C (3)

+F311I/L (2)

D276G (1)

+E255K (1)

80% patientsTotal match

T495R (1)

+F317L (5)

+V299L (3)

Cortes et al. Blood . 2007;10(12):4005-11.
*Burgess, et al. PNAS. 2005;102: 3395-400; von Bubnoff, et al. Blood . 2006;108: 1328-33; 

Bradeen, et al. Blood . 2006; 108: 2332-8.
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PFS by MMR at 12 Months with Dasatinib 
After Imatinib Failure
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PFS at 24 Months by Response to 
Dasatinib at 12 Months 

MCyR CCyR MMR

Response 94 95 96

No Response 79 82 82

Hochhaus, et al. Blood. 2008;112: Abstract 1095.
Baccarani, et al. Blood 2008; 112: Abstract 450.



Response (and Failure) to 2 nd Generation 
TKI: What Does this Mean?

� Most patients do well
� Failure if:

• No CHR by 3 months
• No cytogenetic response by 6 months
• No MCyR by 12 months• No MCyR by 12 months

� MMR at 12 months desirable but should not define 
failure

� Approach depending of clinical setting:
• Young, matched sibling � SCT
• T315I � SCT, HHT, 3rd generation TKI
• Other � Monitor closely (alternative TKI if 

sensitive mutation)



Managing Refractory CML
• Optimal monitoring and dose optimization

� Best way to manage resistance is to prevent it
• Proper identification of treatment failure
• Early intervention in case of TRUE treatment failure

� Management of suboptimal response?
• In case of failure, mutation studies may help:

� T315I: no role for new TKIs; allo SCT or others 
(HU, ara-C, HHT, “T315I inhibitors”)

� Nilotinib IC50>150nM  (e.g. Y253H, E255V, 
F359V) � Dasatinib

� Dasatinib IC50>3nM (e.g. F317L, V299L) �
Nilotinib



Questions?

jcortes@mdanderson.orgjcortes@mdanderson.org

713-794-5783


