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CML: A disease of “firsts”

Bumbea H et al. J Med Life. 2010;3(2):162-166 and Wapner J. The Philadelphia Chromosome
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What is blood?
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What is Chronic Myeloid Leukemia ?
• Leukemia:  “white blood” cancer
• Myeloid (Myelogenous): type of white blood cell
• Chronic (vs Acute): aggressiveness of cancer: “numbers not function”
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The Philadelphia Chromosome 

The Philadelphia Chromosome (and the protein bcr-abl) is the cause of CML.  
It is acquired (not hereditary) and largely unknown why it develops
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The bcr-abl fusion protein
• The Philadelphia Chromosome codes 

for the bcr-abl fusion protein

• This abnormal protein turns on the 
cell and causes cancer cells to grow 
rapidly.

• Blocking the function of the bcr-abl 
protein slows the disease

• Measuring bcr-abl transcripts in the 
blood or bone marrow allows 
monitoring of disease status

1. Sawyers CL. N Engl J Med. 1999;340:1330-1340.

2. Melo JV, Deininger MWN. Hematol Oncol Clin North Am. 2004;18:545-568.

Activation 
Loop

P-Loop
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The Phases of CML
(Or why to treat since I felt well before the diagnosis) 

Blast 
Crisis

Chronic Phase

Accelerated Phase

Goal is to prevent Blast Crisis by slowing or stopping the fuse (lengthen chronic phase)

Untreated 2-5 years

8



9/24/2020

5

How do we know treatment is working?
Has the fuse really been lengthened?

• Good blood counts DO NOT indicate that treatment is working!!!
• Suppression of the Philadelphia chromosome correlates with improved 

survival ----

• Reduction of the bcr-abl transcripts is a good indicator of success!!!

• PCR tests from the blood can measure the bcr-abl transcripts
• 100% IS is the average amount of “cancer” bcr-abl transcripts in a new patient
• 1-2% IS is where the Philadelphia chromosome disappears = survival  (CR)
• 0.1% IS is a nice cushion (MMR)
• 0.01 IS (MMR4) or 0.003 (MMR4.5) is where so little cancer treatment might stop
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PCR monitoring is performed every 3 months
GREEN = continue current therapy
YELLOW = time for concern
RED = time to switch

PCR bcr-abl >10% IS

PCR bcr-abl 1-10% IS

PCR bcr-abl <1% IS

Increase in pcr by 1 log also equals resistance
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Treatment Has Improved Survival.  Most new patients can 
expect a NORMAL lifespan with current TKI therapy

Adapted from R. Hehlmann, German CML Study Group.
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Current Treatments for CML

•Tyrosine kinase inhibitors

• Imatinib (Gleevec)

•Dasatinib (Sprycel)
•Nilotinib (Tasigna)
•Bosutinib (Bosulif)

•Ponatinib (Iclusig)

1st generation

2nd generation

3rd generation
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How TKI’s work

The bcr-abl protein causes abnormal phosphorylation (energy transfer) of proteins turning on cell growth
The TKI’s physically block entry of ATP (energy) into the bcr-abl protein, halting growth
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Imatinib (Gleevec) and the IRIS study.  
Most are still in remission more approaching 20 years

Druker BJ, et al. N Engl J Med. 2006;355:2408.

87% CCyR

(92%)
(98%)

5-year results from the IRIS trial

CCyR=complete cytogenetic response.

14



9/24/2020

8

However up to 20%-35% of Patients With CML 
on Imatinib (Gleevec) IRIS Study Required Changes in Treatment

Deininger M.  Blood. 2009:114 (abstr 1126); de Lavallade et  al. J Clin Oncol. 2008;26:3358.

55% on imatinib on study

17% withdrew 
consent

3% transplant 3% death

16% Unsatisfactory 
therapeutic outcome

6% Safety/AEs removed

8 year follow up of the 
IRIS Trial 

A second study from 
the UK estimated that 
only 63% of patients 
would be still be on 
imatinib and in 
cytogenetic remission 
at 5 years 

AE=adverse event.
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Sometimes the bcr-abl protein changes its shape 
and the TKI cannot fit into the groove (mutation)

If the protein mutates, we need a new TKI

The second and third generation TKIs

2nd:  Dasatinib, Nilotinib, Bosutinib
- more potent in the test tube
- fit into mutated bcr-abl 

3rd : Ponatinib
- most potent 
- fits into difficult mutations
- most side-effects
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Can Mutational Studies Aid in Selection?

Redaelli S, et al. J Clin Oncol. 2009;27:479.

In vitro sensitivity 
patterns of ABL-kinase 
domain mutations to 
TKIs

Although patients 
harboring a high IC50 
mutation tend to 
respond poorly, the 
IC50 values alone 
might not be 
predictive of drug 
selection
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Why doesn’t everyone get a 2nd gen TKI first?

• Yes they are more potent and get CML patients into remission faster
• Yes they are good at mutated bcr-abl

• However, imatinib works --- similar long term survival
• And possibly more side-effects?

• Current guidelines:  consider if higher risk CML (Sokal score)
• Certainly use if prior therapies aren’t working or if side-effects
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Representative Results of 1st line TKIs
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CML patients get a Second Chance at Success
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Bosutinib
Diarrhea/nausea/emesis,

rash, pleural effusion

Although TKIs are generally well tolerated 
they can have side effects 

Nilotinib
Pancreatic enzyme ,

indirect hyperbilirubinemia,
QT prolongation, Vascular

Common Effects 
Myelosuppression

Transaminase 
Electrolyte Δ

Dasatinib
Pleural/pericardial 

effusions,
bleeding risk

Ponatinib
Pancreatic enzyme , 

Cardiac, Vascular

Imatinib
Edema/fluid retention, 

myalgia, hypophosphatemia ,
GI effects (diarrhea, nausea)

21
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What about Generic Imatinib?

• Generic imatinib has the same medication so ----
• IT WORKS

• However, it has different coatings and fillers so ---
• Absorption may be slightly different
• Side-effects may be slightly different

• Costs are different  
• (but unfortunately in the US, not a dramatic reduction)
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Can I miss doses?  
Adherence to Imatinib Is Critical for Achieving Molecular Response

Missing just 3 DAYS per MONTH (10%) lowered the chance of newly diagnosed patients 
obtaining deep remissions.   PLEASE take your medications; 

If you are having side-effects tell your team, maybe something can be done. 

Marin D, et al. J Clin Oncol. 2010;28:2381-2388.

MMR CMR
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Mahon F-X, et al. Lancet Oncol. 2010;11:1029-1035.

Stop Imatinib Trial (STIM) is now more than 10 years old

About half of the patients were able to stop.
Most failures occurred rapidly, but with careful monitoring, went 
back on treatment and recaptured their response

Patients with ≥ 12 months follow-up (n = 69)

Months since discontinuation of imatinib
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TKI discontinuation is now a real goal and no longer research

I am in remission:  Can I stop my TKI?

25

Criteria to Consider TKI discontinuation 
• In a deep remission for a minimum of 2 years

(MMR4 or MMR 4.5 :  pcr bcr-abl <0.01% IS or <0.003% IS)

• No history of resistance or advanced phase
• Willing to be closely monitored 

(pcr tests every 1-2 months for the first year)

• Additional features that lead to success
• Long prior treatment >8 years
• Rapid initial response
• Certain bcr-abl transcript types
• Lower initial Sokal score

• Second attempts have succeeded at approximately 25% rate
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I am in remission, and don’t want to stop
What else?

• You are not alone
• If you are doing fine, great --- but take your medication and get monitored
• If you are having side-effects, don’t accept it –

• Consider decreasing dose with approval of your doctor, followed by monitoring
• Don’t just skip doses
• If that fails, consider changing TKIs – they all have different side-effects

• If you are having cost issues, talk to your medical team
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Other Treatments for CML
• Allogeneic (donor) hematopoietic stem cell transplants

• Today used mostly is advanced phases of disease or very resistant disease

• Interferon
• Used mostly during pregnancy

• Omacetaxine (Synribo)
• Used in resistant disease

28
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Newer Medications on the Horizon???

29

Remaining Challenges?

• Most CML patients do well and can expect a normal lifespan

• Understand and reduce long term side effects
• Increase the pool of patients who obtain deep response to allow 

more TKI discontinuations
• Improve second attempts at TKI discontinuation
• Help those with resistant disease
• Improve treatment and monitoring in third world countries
• Grapple with escalating costs

30
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CML and Coronovirus

• At the present time there is no evidence to suggest that CML patients 
are at higher risk of contracting COVID-19 or having a more severe 
form of viral infection  (American Society of Hematology) 

• Some TKI medications prolong QTc (heart rhythm).  
Hydroxychloroquine and Azithromycin (medications being studied in 
coronavirus) also prolong QTc --- Use with caution.

• The iCMLf is collecting data on CML-COVID-19,  check the website for 
updated details.  The LLS is also providing updates as available. 

31

Thank you.  
Questions?
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Q&A SESSION
Insight Into Chronic Myeloid Leukemia (CML)

• Ask a question by phone:
– Press star (*) then the number 1 on your keypad.

• Ask a question by web:
– Click “Ask a question”
– Type your question
– Click “Submit”

Due to time constraints, we can only take one question per person. Once you’ve 
asked your question, the operator will transfer you back into the audience line.
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HOW TO CONTACT US:

To contact an Information Specialist about disease, treatment 
and support information, resources and clinical trials:

Call: (800) 955-4572
Monday to Friday, 9 a.m. to 9 p.m. ET

Chat live online: www.LLS.org/InformationSpecialists
Monday to Friday, 10 a.m. to 7 p.m. ET

Email: infocenter@LLS.org  
All email messages are answered within one business day.

CLINICAL TRIAL SUPPORT CENTER
Work one-on-one with an LLS Clinical Trial 
Nurse Navigator who will help you find 
clinical trials and personally assist you 
throughout the entire clinical-trial process.

www.LLS.org/Navigation

LLS EDUCATION & SUPPORT RESOURCES

NUTRITION CONSULTATIONS
Our registered dietitian has expertise in 

oncology nutrition and provides free one-on-one 
consultations by phone or email.

www.LLS.org/consult.
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Online Chats
Online Chats are free, live sessions, moderated by oncology social 
workers. To register for one of the chats below, or for more 
information, please visit www.LLS.org/chat.

Education Videos
View our free education videos on disease, treatment, and 
survivorship. To view all patient videos, please visit 
www.LLS.org/EducationVideos.

Patient Podcast
The Bloodline with LLS is here to remind you that after a diagnosis 
comes hope. To listen to an episode, please visit 
www.thebloodline.org.

LLS EDUCATION & SUPPORT RESOURCES
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The Leukemia & Lymphoma Society (LLS) offers the following 
financial assistance programs to help individuals with blood cancer: 

www.LLS.org/Finances

To order free materials: www.LLS.org/booklets 

LLS EDUCATION & SUPPORT RESOURCES
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We have one goal: A world without blood cancers

THANK YOU
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