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• Understand the factors that may influence a 
person’s response to MDS therapy

• Discuss how the hypomethylating agents 
(azacitidine, decitabine) work 

• Understand how patient tailored therapy can lead 
to more successful treatment 

Objectives
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Avoid medical 



69 yo man with RAEB-1 MDS.  Bone marrow shows 
5% blasts. 

Diagnosed after presenting with low blood counts.
Treated with azacitidine 75 mg/m2 for 7 days each 
month.

After 3 cycles, blood counts were normal. Bone 
marrow showed 2% blasts.
Sustained response for > 2 years. 

Patient A



69 yo man with RAEB-1 MDS, bone marrow shows 
5% blasts.

Diagnosed after presenting with low blood counts. 

Treated with azacitidine 75 mg/m2 for 7 days each 
month.

After 3 cycles, blood counts are still low. 
Bone marrow shows 10% blasts. 

Patient B



1) MDS or cancer cells are genetically different 

2) Each person’s body processes drug differently 
(and leads to differences in hitting the target) 

A key challenge is that we cannot accurately decipher 
between these possibilities. 

Why did they respond so differently? 



Therapy should be individualized to: 

1. Cancer cell genetics

2. How each person’s body processes the drug 
(Pharmacodynamics) 

3. Goals, beliefs, preferences 

What is Patient-Tailored Therapy?
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Both of these things determine one’s response to therapy



In 944 MDS patients tested for a mutations in 104 
genes, 89.5% had at least one mutation

Each patient had on average 3 mutations (range, 0-
12) 

47 genes were mutated in >10% of patients 
(TET2, SF3B1, ASXL1, SRSF2, DNMT3A, RUNX1) 

Genetic mutations in MDS – Example

Haferlach T et al. Leukemia 2014;28:241-247



Genetic Diversity in MDS Cells

Mutation A
Mutation B
Mutation C
Mutation D
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• If you have mutation in Gene A, you are likely to 
respond to Drug A

• If you have mutation in Gene B, you are not likely 
to respond to Drug A 

Gene mutations associated with response to HMA: 
• TET2, DNMT3A, IDH1, IDH2, miR-29b
• TP53

Tailor therapy based on cancer DNA
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Several studies over the years have investigated potential biomarkers of response to HMA. 
Controversy still exist, and none are currently used to guide decitabine therapy 

Just as important as predicting those who are likely to response, is a more proximal question of are we reaching the drug target intracellularly 

Preceeding genetic alterations downstream of HMA therapy, it would be useful to know if we are achieving intracellularly, the pharmacodynamic target of the drug.  

Although the exact mechanism of effect is incompletely understood, (i.e. not associated with global DNA hypomethylation, TP53 dependent or independent mechanisms, etc), DNMT1 is at least one of the major mediators of drug effect (at lower doses that does not cause overt cytotoxicity).  



Tailored to: 
1. Cancer cell(s) unique to each person 

2. Pharmacodynamics: What each person’s body 
does to the drug 

What is Patient-Tailored Therapy?
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How do HMAs work? 

DNMT

DNA

methylation

Gene 1


DNA

Gene 1


STOP

STOP

DNA 
De-coder

DNA 
De-coder



HMAs remove methylation
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Drug needs to get inside MDS Cell and 
Target DNMT…

CDA 
DCKUCK 1/2

DNA

Azacitidine
Decitabine

“S-phase” of Cell Cycle
Gene 1
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So how does aza and dec get to its site of action? 
Must get from point A to point B but there are many obstacles.  Each obstacle is probably slightly different between person A and person B 

The overlap of drug exposure (intracellular half-life) with S-phase and cell division is likely critical to the intended drug effect 

In thinking about why some do not respond or why some stop responding? 

In vivo, cytidine, deoxycytidine, and analogues thereof are rapidly deaminated to uracil base moiety counterparts by the ubiquitously expressed enzyme cytidine deaminase (CDA)

Emphasize that this is S-phase specific

DNMT1 is primarily maintenance methyltransferase, copies existing methylation patterns following DNA replication 
DNMT3A and DNMT3B exhibit de novo methyltransferase activity and are required for establishing new methylation patterns during embryonic development 
DNMT1 and 3B are thought to contribute (together or in combination) or mediate the DNA methylation in cancer cells 
*In in vitro studies of 5-azadC on DNMT protein levels in HeLa cells, DNMT1 was affected to the largest extent, followed by DNMT3A and DNMT3B; thus may be a more sensitive marker than DNMT3A or DNMT3B

How can we make them more effective? 
Even more proximal than understanding which patients respond to these therapies, it is critical to known if we are achieving the target of these agents. 

Optimizing dosage to achieve the molecular pharmacodynamics effect of interest, DNMT1 depletion, is important.  Cytotoxic effects at higher doses can be counterproductive, limit frequency of drug administration, etc. 

DNMT1 depletion requires incorporation of drug into DNA during DNA-replication (S-phase dependent mechanism of action)

 Drug exposure time and schedule are likely to influence treatment efficacy 

 It is possible that exposure time is even more pertinent in relatively indolent MDS than in aggressive acute myeloid leukemia (AML): even a short treatment exposure may be effective treatment for high S-phase fraction malignant disease, since the majority of cells may enter S-phase in the treatment window. Conversely, in disease with a low S-phase fraction, short exposure time may only treat a minor portion of the malignant cells.





Did the drug get there? 

Treatment 
with HMA

Patient 
responds

Patient 
does not 
respond
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So how does aza and dec get to its site of action? 

The overlap of drug exposure (intracellular half-life) with S-phase and cell division is likely critical to the intended drug effect 

In thinking about why some do not respond or why some stop responding? 

In vivo, cytidine, deoxycytidine, and analogues thereof are rapidly deaminated to uracil base moiety counterparts by the ubiquitously expressed enzyme cytidine deaminase (CDA)

Emphasize that this is S-phase specific

DNMT1 is primarily maintenance methyltransferase, copies existing methylation patterns following DNA replication 
DNMT3A and DNMT3B exhibit de novo methyltransferase activity and are required for establishing new methylation patterns during embryonic development 
DNMT1 and 3B are thought to contribute (together or in combination) or mediate the DNA methylation in cancer cells 
*In in vitro studies of 5-azadC on DNMT protein levels in HeLa cells, DNMT1 was affected to the largest extent, followed by DNMT3A and DNMT3B; thus may be a more sensitive marker than DNMT3A or DNMT3B

How can we make them more effective? 
Even more proximal than understanding which patients respond to these therapies, it is critical to known if we are achieving the target of these agents. 

Optimizing dosage to achieve the molecular pharmacodynamics effect of interest, DNMT1 depletion, is important.  Cytotoxic effects at higher doses can be counterproductive, limit frequency of drug administration, etc. 

DNMT1 depletion requires incorporation of drug into DNA during DNA-replication (S-phase dependent mechanism of action)

 Drug exposure time and schedule are likely to influence treatment efficacy 

 It is possible that exposure time is even more pertinent in relatively indolent MDS than in aggressive acute myeloid leukemia (AML): even a short treatment exposure may be effective treatment for high S-phase fraction malignant disease, since the majority of cells may enter S-phase in the treatment window. Conversely, in disease with a low S-phase fraction, short exposure time may only treat a minor portion of the malignant cells.





If the drug did not reach its intended 
target, it has little chance of working 
(regardless of any mutations). 

Predicting Response to Therapy



Can we monitor levels of DNMT inside cancer cells to 
ensure we are reaching the drug target? 

Is decreasing DNMT associated with improved 
response? 

Can we individualize dosing and frequency based 
DNMT levels? 

Goal:  To make treatment more successful and safe. 

Research Questions 
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Uses antibody labeling and laser to detect protein 
levels in blood cells.   

Flow Cytometry

Image from:  https:// flowcytometry.med.ualberta.ca



Objective:  To investigate the association between 
change in DNMT1 flow assay level pre- and post-
azacitidine or decitabine treatment and response

Sample Collection Schedule:

Protocol FH9783 

Baseline
Cycle 1

Days  5 & 15

Day 1 & 5 of 
each 

subsequent 
cycle

After Cycle 3

Blood X X X X 
Marrow X X 



By monitoring DNMT levels throughout 
treatment, we can tailor dose and 
frequency to each individual and make 
treatment more effective and safe.

Patient Tailored Drug Dosing 



1) MDS or cancer cells are genetically different 

2) Each person’s body processes drug differently

Therapy tailored to each individual will lead to more 
successful treatment.  

Why a difference in response?  



Thank you 

Patients & Families

Fred Hutch
• Bart Scott
• Joachim Deeg 
• Brent Wood 
• Brenda Sandmaier
• Erlinda Santos 

Conquer Cancer Foundation of ASCO 

Case Comprehensive Cancer Center
• James Jacobberger
• Phillip Woost
• Marcos de Lima
• Yogen Saunthararajah (Cleveland Clinic) 
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