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CML Facts

- CML accounts for 
approx. 15-20% of adult 
leukemias  

- annual incidence of              
1 to 2 cases per 100,000

NCI/SEER 

1992-2010

SEER 

2009-2013

- 2/3 are 55 and older

- median age at 
presentation 64 years 



Quintas-Cardama A, Cortes JE: Mayo Clinic Proc 81:973, 2006

Time from referral (yr)

Year Total Dead

>2000 230 7

1990-2000 960 334

1982-1989 365 265

1975-1981 132 127

1965-1974 123 122

P
ro
p
o
rt
io
n
 s
u
rv
iv
in
g

95%95%95%95%

CML Prognosis
Survival Improvement Over Time



Druker BJ et al: NEJM355:2408, 2006 

Italian Cooperative Study Group: NEJM 330:820, 1994
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CML Survival Improvement
Success of Advances in Chemotherapies



Bcr-Abl TKIs
The Epitome of the Success of Targeted Therapies 

Faderl S et al. N Engl J Med 1999;341:164-72

Goldman JM, Melo JV. N Engl J Med 2001;344:1084-6

Same venue for

Ph+

Acute 

Lymphoblastic

Leukemia



Druker BJ et al. N Engl J Med. 2006;355:2408-17 
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CML-related deaths

All deaths

“Ashes to ashes, dust to dust, 

if the cancer don’t get us, 

the arteriosclerosis must”

Richard Gordon

in The Alarming History of Medicine, 1993

Success of Bcr-Abl-directed Therapies
CML as a Chronic, Non-Fatal Disease



1st 2nd 3rd generation

Bcr-Abl TKIs
Generations



Myocardial Myocardial Myocardial Myocardial 
ischemia and ischemia and ischemia and ischemia and 
infarctioninfarctioninfarctioninfarction

Vascular Toxicity 
With BCR-ABl TKIs

SystemicSystemicSystemicSystemic
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Circulation. 2016;133:1272-1289
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Abraham NS et al. Aliment Phermacol Ther 2007;25:913-24

Vioxx
12.3
8.1



Luis A. García Rodríguez et al. Circulation. 2004;109:3000-3006

Risk of MI with NSAIDs

General population

5/1000 person-yrs

3.5 w/o  CHD

17.2 with CHD 



Time since TKI initiation (months)
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Cardiovascular Events in CML Patients  
Ponatinib vs. Nilotinib

Nicolini FE et al. Blood 2013:122:4020

Ponatinib
(n=8) Nilotinib

(n=11)

More than one third with a CV event!

Risk persisted even after discontinuation!



Vascular Toxicity with Cancer Therapy
Learning Objectives

• To review the spectrum of cardiovascular toxicity 

with Bcr-Abl Tyrosine Kinase Inhibitor (TKI) therapy 

for Philadelphia chromosome-positive leukemias 

• To evaluate risk prediction approaches

• To formulate risk surveillance and mitigation 

strategies 



- Ph+ acute lymphoblastic leukemia

- initially 4 cycles of dasatinib and hyper–CVAD

- rising BCR-ABL transcripts, started ponatinib Feb. 

2013, initially at 30 mg, then at 45 mg per day 

- excellent cytogenetic and molecular response

Case #1
32 year-old female



- matched unrelated donor allo-HSCT in July 2013

- acute then chronic GVHD, started on sirolimus 

and prednisone in January 2015

- bluish discoloration of the left lower extremity end 

of March 2015 

Case #1
32 year-old female



Case #1
Doppler Pulse Wave

And
Ankle/Brachial Index



Case #1
Transcutaneous 

Oximetry



Case #1
Critical Limb Ischemia – SFA occlusion 

Herrmann J et al. Mayo Clin Proc 2015;90:1167-8 





Case #1
Bilateral External Iliac Artery Stenosis 

BaselineBaselineBaselineBaseline

FollowFollowFollowFollow----upupupup

Herrmann J et al. Circulation. 2016;133:1272-1289



Case #1
What would have been helpful in this case?

A. Baseline CV risk factor assessment (Framingham)

B. Baseline physical including peripheral pulses

C. Baseline ankle-brachial index

D. Baseline lower extremity Doppler flow evaluation

E. Baseline TcPO2



Risk of Cardiovascular Events With Ponatinib

Stratification by History of IHD, DM, HTN, HLP

Positive history

Negative history

≥≤

*P<0.01

* *

Ariad Pharmaceuticals, Inclusig Package Insert



Relative Risk of Arterial Thrombotic Events 
With Ponatinib

Moslehi JJ, Deininger M. J Clin Oncol. 2015;33:4210-8

SAE: 25% at 1.3 years, 50% at 2.7 years (PACE and pre-PACE trial)



Criqui M.H., Aboyans V. Circ Res. 2015;116:1509-1526

Risk Factors for Peripheral Arterial Disease



- FRS 0.2%

- BP 150/90 on Lisinopril 10-20 mg per day

- TC 247, HDL 104, LDL 84, TG 295 mg/dL

Case #1
32 year-old female



Risk of Cardiovascular Events With Nilotinib

Stratification by CV Risk Scores

ESC P=0.002

Framingham P=0.001

QRisk2 P=0.0001

Breccia M et al. Ann Hematol. 2015;94:393-7





Criqui M.H. et a. Circ 1985;71;516-22

History and Physical Examination for PAD



Pooled sensitivity 

0.75 (0.71-0.79)

Pooled specificity

0.86 (0.83-0.90)

Pooled positive LR 

4.18 (2.14-8.14)

Pooled negative LR

0.29 (0.18-0.47)

Xu D et al. Can J Cardiol 2013;29:492-8

Diagnostic Performance of ABI for PAD 
(>50% stenosis)

Standard deviation 

of difference 

between 2 separate 

measures: 0.08

Variability 10%

Van Langen H et al. Vasc Med 2009;14:221-6



Correlation ABI and Extent of PAD

Clinical statusClinical statusClinical statusClinical status ABIABIABIABI TBI or Toe systolic pressureTBI or Toe systolic pressureTBI or Toe systolic pressureTBI or Toe systolic pressure

Normal 0.9-1.2 0.8-0.9

Mild 0.8-0.9 60 – 80 mmHg

Moderate-severe 0.4-0.8 40 – 60 mmHg

Resting ischemia <0.4 <0.15 or <30 mmHg

Tissue loss <0.5 40 mmHg

Threatened limb <0.15 0

Medial calcification >1.3 Commonly unaffected



Christine Espinola-Klein et al. Circulation. 2008;118:961-967

Higher vs. Lower Ankle Blood Pressure for ABI



Christine Espinola-Klein et al. Circulation. 2008;118:961-967

Lower Ankle ABI and Outcomes



Gerhard-Herman MD et al.  2016 AHA/ACC Lower Extremity PAD Guideline 



Gerhard-Herman MD et al.  2016 AHA/ACC Lower Extremity PAD Guideline 



Case #1
Would you recommend any follow-up evaluation?

A. No

B. Follow-up physical every 3-6 months

C. Follow-up physical every 12 months

D. Follow-up ABI every 3-6 months

E. Follow-up ABI every 12 months



What is the expected timeline What is the expected timeline What is the expected timeline What is the expected timeline 

and pace of progression?and pace of progression?and pace of progression?and pace of progression?

Provisional Follow-Up Recommendations

Moslehi JJ, Deininger M. J Clin Oncol. 2015;33:4210-8



Bondon-Guitton E et al.: Targ Oncol 11:549, 2016

Average Time to PAD Onset on Nilotinib

Earlier with ponatinib?
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Clinical PAD

Nilotinib vs. Imatinib

P=0.0008

HR=14.6

Levato L et al. Eur J Haematol. 2013;90:531-2

Imatinib 
(n=55)

Nilotinib
(n=27)

Ponatinib?



Diffuse Progressive ASCVD with Nilotinib

Peripheral Arterial Disease

Aichberger K.J. et al. Am J Hematol 2011;86:533



3 months or 6 months every year,            3 months or 6 months every year,            3 months or 6 months every year,            3 months or 6 months every year,            

What is the time frame to detection What is the time frame to detection What is the time frame to detection What is the time frame to detection ----

3 months or 6 months every year,            3 months or 6 months every year,            3 months or 6 months every year,            3 months or 6 months every year,            

or only in the 1or only in the 1or only in the 1or only in the 1stststst year,  year,  year,  year,  

dependent on vary type of TKI?dependent on vary type of TKI?dependent on vary type of TKI?dependent on vary type of TKI?

Provisional Follow-Up Recommendations

Moslehi JJ, Deininger M. J Clin Oncol. 2015;33:4210-8



What is the cutoff for detection What is the cutoff for detection What is the cutoff for detection What is the cutoff for detection ––––

0.02 at 6 months, any decline?0.02 at 6 months, any decline?0.02 at 6 months, any decline?0.02 at 6 months, any decline?

Provisional Follow-Up Recommendations

Moslehi JJ, Deininger M. J Clin Oncol. 2015;33:4210-8



Arch Intern Med. 2005;165:1896-1902
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Arch Intern Med. 2005;165:1896-1902
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Arch Intern Med. 2005;165:1896-1902
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- What can be predicted by ABI? 

- Does a normal test exclude risk,                                     

does an abnormal test prohibit therapy?

- Which additional tests should these patients have?

- Should this be done routinely or only in a subset?

Questions Raised



2011

2012

70 yo female w/CML, on nilotinib since 2004 w/PAD + CAD 

Coon E.A. et al. Am J Hematol 2013;86:534-5

Diffuse Progressive ASCVD with Nilotinib

Acute Right-Hemispheric Stroke

R MCA L MCA



- bilateral external iliac artery stenting and            

left SFA recanalization, started on DAPT

- development of left lower extremity compartment 

syndrome, requiring fasciotomy 

- acute chest pain on post-op day #2

Case #1 continued
32 year-old female



Acute 
chest 
pain

Baseline



Case #1



Case #1



Case #1



Case #1



- Comprehensive screening?

- When and how to screen?

- How to respond to screening?

- How to follow after intervention?

- How to evaluate and pursue prevention?

Questions Raised



AHA/ACC guidelines

Class I

Class I

Class IIACE inhibitor ++

Treatment Recommendations



AHA/ACC guidelines

Class I

Class I

Class IIACE inhibitor ++

Treatment Recommendations

Should this be done Should this be done Should this be done Should this be done 

in every patient before in every patient before in every patient before in every patient before 

the start of BCRthe start of BCRthe start of BCRthe start of BCR----AblAblAblAbl therapy or therapy or therapy or therapy or 

only in those at high risk only in those at high risk only in those at high risk only in those at high risk 

by risk calculators ? by risk calculators ? by risk calculators ? by risk calculators ? 



- accelerated atherosclerosis, especially Nilotinib 

and Ponatinib

- difficulties in cause-effect relationship 

determinations/ adjudication of events

- no intervention or prevention studies

- management not defined 

Summary: CV Toxicities of BCR-Abl TKIs



- ABIs hold promise as a prime surveillance test, but 

validation and role of baseline test not defined

- Role of additional testing (carotid U/S, cardiac 

stress test, CCTA) not defined

- Interpretation of tests in the broader scope of the 

disease and need for therapy

Summary: ABI as a Universal Test



- systemic hypertension with ponatinib (office or 

ambulatory monitoring?)

- pulmonary hypertension and effusions with 

dasatinib (routine echocardiogram?)

- QTc prolongation with nilotinib (regular ECGs?)

Summary: Other CV Toxicities of BCR-Abl TKIs




