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Fenaux et al. NEJM 2020;382:140-151. Courtesy of Mikkael A Sekeres, MD, MS



MDS| Ameliorating Anemia: LUSPAT
Impact on Patient Care and Treatment Algorithm:
• Option post-ESA
• ORR/duration similar to ESA
• Few side effects

*** But – Does TI duration/definition offset time investment for shots? 
Is it worth the $$? ***

Implications for Future Research:
• Compare up-front to ESA
• Is having RS such a big deal?
• Combine with ESA, LEN, HMA…

Fenaux et al. NEJM 2020;382:140-151. Courtesy of Mikkael A Sekeres, MD, MS



MDS | Ameliorating Anemia: Imetel

Steensma et al. JCO 2020

Imetelstat in HTB Lower-risk MDS

Courtesy of Mikkael A Sekeres, MD, MS
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Higher-risk MDS | HMAs: DAC/CED 

Garcia-Manero et al. Blood 2020. 
is especially important for long-term responders who are treated
over prolonged periods and may benefit the most. The oral
bioavailability of decitabine and azacitidine is limited because
of rapid inactivation by cytidine deaminase (CDA) in the gastro-
intestinal (GI) tract and liver.14-16 High oral doses of azacitidine (up
to 600 mg) are required to achieve modest systemic exposure
(maximum 20% bioavailability), but are associated with significant
GI toxicity (grade 3/4 diarrhea in 12% of patients) and high var-
iability in systemic exposures.15

Inhibition of CDA represents a viable approach to improving
the oral bioavailability of DNMT inhibitors. The competitive CDA
inhibitor tetrahydrouridine (THU) increases the oral bioavail-
ability of decitabine, but THU is unstable in acidic environments,
making it pharmaceutically difficult to develop.17,18 Cedazuridine
(E7727; Astex Pharmaceuticals, Inc., Pleasanton, CA), a novel CDA

inhibitor designed to overcome the instability of THU, safely and
effectively increased decitabine exposure following oral ad-
ministration in preclinical studies.17,19 The first-in-human dose-
escalation trial of concurrently administered oral cedazuridine
plus decitabine at various doses produced decitabine exposure
andDNA demethylation comparable to IV decitabine at doses of
cedazuridine 100 mg and decitabine 30 to 40 mg.20 Herein, we
present results of a phase 2 study with the selected oral doses
of cedazuridine 100 mg and decitabine 35 mg compared with
IV decitabine 20 mg/m2.

Patients and methods
Study design and patients
This phase 2, multicenter, open-label, randomized, crossover
study was designed to compare the pharmacokinetics (PK),

138 patients screened

86 patients randomized

52 not eligible

52 patients entered dose-
confirmation stage

34 patients entered fixed-dose 
combination stage

2 did not 
receive treatment

4 did not 
receive treatment

50 patients treated
     47 received oral and IV
     2 received oral only
     1 received IV only

30 patients treated
     26 received oral and IV
     3 received oral only
     1 received IV only

41 discontinued treatment
     14 progressive disease
     7 received transplant
     3 adverse events
     6 deaths
     4 withdrawn consent
     7 other reasons

26 discontinued treatment
     7 progressive disease
     5 received transplant
     3 adverse events
     6 deaths
     1 withdrawn consent
     4 other reasons

9 treatment ongoing 4 treatment ongoing

50 in safety analysis
50 in efficacy analysis
40 in paired PK analysis
48 in LINE-1 analysis

30 in safety analysis
30 in efficacy analysis
24 in paired PK analysis
30 in LINE-1 analysis

Figure 1. Patient disposition. Six patients did not receive study treatment, including 2 who became ineligible because of elevated liver enzymes, 1 with progressive disease, 1
who died, 1 misdiagnosed, and 1 who withdrew consent after randomization and before start of treatment.
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Higher-risk MDS | HMAs: DAC/CED 

Garcia-Manero et al. Blood 2020. 
Treatment
Patients were initially randomized to receive oral cedazuridine
100mgand decitabine 35mg in fasting conditions daily for 5 days
in cycles 1 (sequence A) or 2 (sequence B); or IV decitabine at the
standard dose of 20 mg/m2 per day for 5 days by 1-hour infusion
in cycles 1 (sequence B) or 2 (sequence A). All patients received
oral treatment from cycle 3 onwards. Initially, patients received
the 2 oral drugs concomitantly as separate capsules in a first stage
for confirmation of the selected doses (dose-confirmation stage).
After preliminary PK analyses in this cohort showed comparable
decitabine exposure of oral and IV decitabine, a second cohort
was randomized using the fixed-dose combination (FDC) tablet
containing the 2 drugs at the same doses (FDC stage). Cycles
were repeated every 28 days. Dose delay at the discretion of the
investigator was permitted to allow for count recovery in case of
drug-related myelosuppression. Dose reduction was not allowed
in the first 2 cycles, but was permitted from cycle 3 onwards by
reducing the number of days of oral treatment. All patients re-
ceived treatment until disease progression, unacceptable toxicity,
or withdrawal by patient or investigator for other reasons.

PK measures
Peripheral blood samples (3 mL) for PK analysis were collected
and stored in the specified protocol conditions. For oral study

treatment, serial blood samples from predose until 24 hours
postdose were collected on days 1, 2, and 5 from the dose-
confirmation cohort, and days 1 and 5 from the FDC cohort once it
was determined that exposures in days 2 and 5 were similar. For
IV decitabine, blood samples were collected serially on day 1
predose until 8 hours postdose. Plasma samples were analyzed
for concentrations of decitabine, cedazuridine, and cedazuridine-
epimer using a validated liquid chromatography–tandem mass
spectrometry method at Frontage Labs (Exton, PA).

Pharmacodynamic measures
DNA methylation was assessed using the long interspersed
nuclear element 1 (LINE-1) methylation bisulfite sequencing
assay, as previously reported.22 Blood samples for assessing
DNAmethylation were collected at screening, predose on day 1
of cycles 1, 2, and 3, and days 8, 15, and 22 of cycles 1 and 2.
Changes in DNA methylation after treatment were expressed as
relative percent change from baseline, as previously described.20

Baseline was defined as the last value obtained predose on day 1
of cycles 1 and 2.

Efficacy and safety measures
Peripheral blood counts were obtained weekly in the first 2
cycles and then at least on day 1 of each subsequent cycle. Bone
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Figure 2. Mean decitabine plasma concentrations-time profiles following single andmultiple oral doses of cedazuridine/decitabine, and following single IV infusion of
decitabine during dose confirmation and fixed-dose combination stages. (A-B) Linear and (C-D) semilogarithmic plots are shown. LLOQ, lower limit of quantitation.
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Higher-risk MDS | HMAs: DAC/CED 

Garcia-Manero et al. Blood 2020. 

Oral Cedazuridine/Decitabine Phase 2
In Int-1, Int-2, High, CMML

Courtesy of Mikkael A Sekeres, MD, MS
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Higher-risk MDS| HMAs

Impact on Patient Care and Treatment Algorithm:
• DAC/CED has similar ORR to AZA or DAC
• Lower-risk MDS patients included in studies
• Crossover to IV occurred

*** But – Long-term follow-up pending. Impact on OS? 
Is it worth the $$? ***

Implications for Future Research:
• Identifying molecular subtypes who did particularly well
• Combine with molecularly targeted drugs
• Give as easy maintenance post-HCT, post-IC

Garcia-Manero et al. Blood 2020; Fenaux P, et al. Lancet 
Oncology 2009;10:223-232; Lubbert et al. JCO 2011;29:1987. Courtesy of Mikkael A Sekeres, MD, MS



Lionel Adès

Study design: AZA +/- Pevonedistat

Study endpoints
• EFS (defined as time to death or transformation to AML in higher-risk MDS/CMML or 

death in low-blast AML): Trial was powered on EFS as the original primary endpoint
• OS: Original secondary endpoint, changed to primary endpoint based on regulatory 

feedback after enrollment
• ORR: Secondary endpoint

Pevonedistat + azacitidine
Pevonedistat: 20 mg/m2 (IV) on Days 1, 3, 5
Azacitidine: 75 mg/m2 (IV or SC) on Days 1–5, 8, 9

N=120
1:1 Repeat every 28 days

Ra
nd

om
iza

tio
nPatients with 

higher-risk MDS, 
higher-risk CMML, 
or low-blast AML:
• No previous 

HMAs
• Ineligible for 

allogeneic SCT

Stratification:
• IPSS-R risk category 

for MDS/CMML
• Intermediate
• High 
• Very high

• Low-blast AML
Azacitidine 
75 mg/m2 (IV or SC) on Days 1–5, 8, 9

NCT02610777: Phase 2, randomized, open-label, global, multicenter study [proof of concept]

EFS, event-free survival; HMAs, hypomethylating agents; IPSS-R, Revised International Prognostic Scoring System; IV, intravenous; ORR, objective response rate; SC, subcutaneous; SCT, stem cell transplant

Higher-risk MDS | Combinations

Courtesy of Mikkael A Sekeres, MD, MS



Lionel Adès

EFS and OS: Higher-risk MDS
Pevonedistat 
+ azacitidine

Azacitidin
e

Median survival 
(months)

20.2 14.8

Hazard Ratio (95% 
CI)

0.539 (0.292–0.995)
P= .045

Pevonedistat 
+ azacitidine 32 30 28 25 24 20 16 11 10 8 2 1 1 0

Azacitidine 35 29 23 22 18 12 9 6 5 4 0 0 0 0

Number at risk
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Azacitidine
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*EFS defined as time to death or transformation to AML in higher-risk MDS/CMML or death in low-blast AML.

Censored

OS Pevonedistat 
+ azacitidine

Azacitidin
e

Median survival 
(months)

23.9 19.1

Hazard Ratio (95% 
CI)

0.701 (0.386–1.273)
P= .240

Pevonedistat 
+ azacitidine 32 30 30 28 28 24 21 17 16 13 8 5 2 0

Azacitidine 35 30 29 26 23 20 18 14 13 13 3 1 0 0

Number at risk
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APR-246 binds 
covalently to p53…

p53 
R175H

p53 
R175H

+
APR-246

Contro
l

APR-24
6

A. Fersht et al. (2010) Prot. Sci; Q. Zhang et al, (2018) Cell Death Disease; H. Furukawa et al, (2018) Cancer Sci.

…restores wt p53 
conformation & activity…

…and triggers cell cycle 
arrest and apoptosis

Sallman et al,  Cluzeau et al.  ASH 2019, Abstract 676-7.

Higher-risk MDS | Targeting TP53

Courtesy of Mikkael A Sekeres, MD, MS



Median duration of follow-up = 10.8 months

Overall MDS AML
MDS-MPN +

CMML
Evaluable patients, n 45 33 8 4
Overall response rate, n (%) 39 (87) 29 (88) 7 (88) 3 (75)
CR rate, n (%) 24 (53) 20 (61) 4 (50) 0 (0)
Duration of CR, months (median) [95% 
CI]

7.3 [5.8 –
N.E.]

7.3 [5.8 –
N.E.]

7.0 [3.3 –
N.E.]

N.E.

Discontinued for transplant, n (%) 22 (49) 17 (52) 4 (50) 1 (25)

Higher-risk MDS | Targeting TP53

Sallman et al,  Cluzeau et al.  ASH 2019, Abstract 676-7. Courtesy of Mikkael A Sekeres, MD, MS



Completed 
(n=113)

Completed 
(n=126)

N=239
R/R AML: 176

Untreated AML: 37
MDS: 17
Other: 9

Any hematologic malignancy 
ineligible for other arms

R/R AML age <60, excluding 
patients relapsed post-BMT

Untreated AML patients age 
≥60 who decline standard of 

care

R/R AML age ≥60, or any age if 
relapsed post-BMT

§Advanced hematologic 
malignancies with 
IDH2 mutation

§Continuous 28 day
cycles

§Cumulative daily doses 
of 50-650 mg

Dose Escalation Expansion Phase 1

Enasidenib
100 mg 
PO QD

R/R AML
(N=108)

Phase 2 
Accrual 

Completed

Stein et al. Lancet Haematology 2020.

Higher-risk MDS | Targeting IDH2

Courtesy of Mikkael A Sekeres, MD, MS



MDS Patients 
(N=17)
n (%)

Overall response rate (CR + PR + mCR + HI) 10/17 (59)
Best Response

Complete remission 1/11 (9)
Partial remission 1/11 (9)
Marrow CR 3/11 (27)
Any hematologic improvement (HI)† 5/17 (29)

HI-E 3/15 (20)
HI-P 4/12 (33)
HI-N 4/10 (40) 

Stein et al. Lancet Haematology 2020.

Higher-risk MDS | Targeting IDH2

Courtesy of Mikkael A Sekeres, MD, MS



Zeiden et al. EHA 2020;S118.

Higher-risk MDS | Combinations
Phase Ib of AZA + VEN in R/R higher-risk MDS
Patients:
N=38
Median age = 74 years
Median 8 cycles prior HMA
Median follow-up = 6.8 months

Responses:
CR N=3
HI  N=9
TI  N=13 for median of 4.1 months
Median PFS = 9.1 months

Courtesy of Mikkael A Sekeres, MD, MS



Garcia et al. ASH 2020;656a.

Higher-risk MDS | Combinations
Phase Ib of AZA + VEN in treatment-naïve higher-risk MDS
Ven given in escalating dose (100, 200, and 400 mg) for 14 days of a 28-day 
cycle 
Patients:
N=57
Median age = 71 years
Median follow-up = 13 months

Responses:
CR 42%
Marrow CR with HI 14%
Median response duration 14.8 months
TI  N=13 for median of 4.1 months
Median PFS = 17.5 months
EORTC QLQ C30 improvement in fatigue and dyspnea

Courtesy of Mikkael A Sekeres, MD, MS



Sallman et al. ASCO 2020;7507a.
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Treating MDS| Combinations

Zeiden et al. EHA 2020;S118.
Garcia et al. ASH 2020;656a.
Sallman et al. ASCO 2020;7507a.

Impact on Patient Care and Treatment Algorithm:
• Modest ORR for AZA + Ven in previously treated
• Good ORR for AZA + Ven in untreated higher-risk MDS
• Good ORR for AZA + Mag in untreated Intermediate/Higher-risk MDS

*** But – Is ORR really better than AZA monotherapy in selected patients?
Is durability of response any better? 
Is it worth the $$? ***

Implications for Future Research:
• Identifying molecular subtypes who did particularly well
• Optimizing Ven dose and schedule 
• Combine with molecularly targeted drugs (Triplet therapy)

Courtesy of Mikkael A Sekeres, MD, MS
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Treating sAML| CPX-351

Lancet et al. ASCO 2020; 
7510a; ASH 2020; 635a

Courtesy of Mikkael A 
Sekeres, MD, MS



Treating sAML| CPX-351

Lancet et al. ASCO 2020; 7510a; ASH 2020; 635a Courtesy of Mikkael A Sekeres, MD, MS



Treating sAML| CPX-351

Lancet et al. ASCO 2020; 7510a; ASH 2020; 635a Courtesy of Mikkael A Sekeres, MD, MS



Treating sAML| CPX-351

Roboz et al. Leuk Lymph 2020;61:1188-94.

remission (CR or CRi) was 37 d (range: 15–72). Among
the subgroup of patients with AML-MRC (n¼ 40), the
CRþCRi rate was 43% (95% CI: 27.0–59.1) and
included 12 (30%) patients with a CR and 5 (13%)
patients with a CRi. Among the subgroup of patients
with therapy-related AML (n¼ 12), the CRþCRi rate
was 50% (95% CI: 21.1–78.9) and included 3 (25%)
patients with a CR and 3 (25%) patients with a CRi.
Additionally, among patients who had previously
received treatment with hypomethylating agents
(n¼ 13), the CRþCRi rate was 31% (95% CI: 9.1–61.4)
and included 2 (15%) patients with a CR and 2 (15%)
patients with a CRi. Eleven (21%) patients in the study
underwent HCT after receiving CPX-351.

Discussion

Compared with patients with de novo AML, patients
with secondary AML have a poorer prognosis, includ-
ing lower remission rates and higher relapse rates, fol-
lowing conventional chemotherapy [2,3,6,9,11,20].
CPX-351 is a dual-drug liposomal encapsulation of
cytarabine and daunorubicin at a synergistic 5:1 molar
ratio, and has a different mechanism of delivery and
pharmacokinetic profile from 7þ 3 [12,13,21]. In ani-
mal models, CPX-351 demonstrated superior anti-
leukemia activity compared with free cytarabine and
daunorubicin administered at the same molar ratio
[12,13]. Drug exposure has been shown to persist for
approximately 7 d in patients treated with CPX-351,
with a clearance of <0.5 L/h/m2 compared with historical
values of 38.6 L/h/m2 for daunorubicin and 134L/h/m2

for cytarabine [21]. Additionally, in animal models, the
CPX-351 liposomes are preferentially taken up to a
greater extent by leukemia cells vs. normal cells in the
bone marrow [12]. In phase 2 and 3 studies, CPX-351
demonstrated significantly improved survival and
remission rates, and comparable safety to that of the

conventional 7þ 3 regimen in patients with high-risk/
secondary AML [14,22]. Following completion of enroll-
ment into the phase 3 study, this EAP provided access
to CPX-351 for older adults with newly diagnosed,
high-risk/secondary AML prior to the commercialization
of CPX-351 in the United States.

Overall, CPX-351 had an acceptable safety profile in
this EAP that was generally consistent with that
observed in the pivotal phase 3 trial and other clinical
studies of CPX-351, as well as with the known safety
profile of the 7þ 3 chemotherapy regimen, which has
historically been the standard of care for most patients
with AML [14,22]. However, while CPX-351 has been
associated with prolonged neutrophil and platelet
recovery compared to 7þ 3 in prior clinical studies,
the recovery from myelosuppression was even further
prolonged in this study. In the EAP, the median recov-
ery times were 66 d to neutrophils #1000/lL, 98 d to
platelets #50,000/lL, and not reached to platelets
#100,000/lL. In contrast, in the phase 2 study of CPX-
351, median recovery times were 36 d to neutrophils
#1,000/lL and 37 d to platelets #100,000/lL, and in
the phase 3 study median recovery times were 35 d
to neutrophils #500/lL and 36.5 d to platelets
#50,000/lL [14,22]. The reason for the longer recovery
times in the EAP is not known but may be related to
differences in scheduled assessments between the
studies. The phase 2 and phase 3 study protocols
required weekly hematologic assessments whereas the
EAP protocol did not specify timing for hematologic
assessments other than requiring them to be within
14 d of bone marrow response. Of note, the pro-
longed myelosuppression observed with CPX-351 vs.
7þ 3 may be related to the prolonged drug exposure
observed with CPX-351 [21,23]. Importantly, despite
prolonged myelosuppression and TEAEs of febrile neu-
tropenia and infection, the mortality rate remained
low in the EAP, consistent with prior studies of CPX-
351 [14,22].

The CRþCRi rate of 44% reported in this EAP was
similar to that reported for CPX-351 in the phase 3
study (48%) [14], which was conducted in a similar
population of older patients with newly diagnosed,
high-risk/secondary AML. Further, the CRþCRi rates
reported in this EAP were also consistent with those
reported in the phase 3 study across patient sub-
groups, including patients with AML-MRC (CRþCRi of
43% in the EAP vs. 48% in the phase 3 study), ther-
apy-related AML (50% vs. 47%), and/or prior treatment
with a hypomethylating agent (31% vs. 36%) [14,24].
The rate of patients undergoing HCT in this EAP was
21%, which is lower than the rate observed in the

Table 4. Best induction response rates.
N¼ 52

Best response
CR

n (%) 15 (29)
95% CI 17.1–43.1

CRi
n (%) 8 (15)
95% CI 6.9–28.1

CRþ CRi
n (%) 23 (44)
95% CI 30.5–58.7

Time to CR or CRi
n 23
Median (range), d 37.0 (15–72)
Mean (SD), d 41.5 (15.24)

CR: complete remission; CI: confidence interval; CRi: complete remission
with incomplete neutrophil and platelet recovery; SD: standard deviation.

1192 G. J. ROBOZ ET AL.

Courtesy of Mikkael A Sekeres, MD, MS



Treating sAML| CPX-351

Lancet et al. ASCO 2020; 7510a; ASH 2020; 635a
Roboz et al. Leuk Lymph 2020;61:1188-94.

Impact on Patient Care and Treatment Algorithm:
• Continued improved OS among patients with sAML
• Particularly improved OS for those achieving CR/CRi and in those 

undergoing HCT.
• Suggests deeper responses.

*** But – did comparison arm perform as well as historically?
Was drug intensity similar? 
Is it worth the $$? ***

Implications for Future Research:
• Identifying molecular subtypes who did particularly well
• Outpatient therapies
• Combine with molecularly targeted drugs

Courtesy of Mikkael A Sekeres, MD, MS



Treating sAML| Magrolimab

Sallman et al. ASH 2020;330a

Phase Ib of AZA + Mag in treatment-naïve AML 
Patients:
N=52
Median age = 73 years
TP53 + in 65%
Median follow-up = ???
34 evaluable for response

Responses:
CR 44%, 48% among TP53+
CRi 12%, 19% among TP53+
Median response duration 9.9 months
Median OS for TP53+ = 12.9 months, for non-TP53 18.9 months

Courtesy of Mikkael A Sekeres, MD, MS



Treating sAML| Magrolimab

Sallman et al. ASH 2020;330a

Impact on Patient Care and Treatment Algorithm:
• Good ORR for AZA + Mag in AML
• Good responses in TP53+
• Response duration good, c/w other single arm combo studies

*** But – Is ORR really better than AZA monotherapy in selected patients?
Is durability of response any better? 
Is it worth the $$? ***

Implications for Future Research:
• Identifying molecular subtypes who did particularly well
• Combine with molecularly targeted drugs (Triplet therapy)
• Is it better than AZA + Ven???

Courtesy of Mikkael A Sekeres, MD, MS
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Appendix 1

• Additional Recent Data Set Provided by Dr 
Sekeres

Courtesy of Mikkael A Sekeres, MD, MS



Venetoclax/azacitidine has been evaluated 
in a Phase I study

Ongoing Phase 1b, open-label, dose-escalation,* multicenter study1,2

1. Wei AH, et al. Blood 2019;134 (Suppl. 1):Abstract #568; 2. ClinicalTrials.gov, NCT02942290
*Originally a 3-arm, randomized study; amended to dose-escalation safety study after two deaths
TTR, time to response

Primary endpoints:
§ Safety
§ RP2D
Secondary endpoints include: 
§ ORR
§ PFS
§ TTR
§ DoR
§ OS

Venetoclax + azacitidine
Venetoclax: escalating doses (oral) 100–400 mg/day
Azacitidine: 75 mg/m2 (IV or SC) on Days 1–7

N=82Higher-risk MDS
No prior therapy, not eligible for 

intensive chemotherapy or HSCT

Venetoclax + azacitidine
Venetoclax: 400 mg/day (oral)
Azacitidine: 75 mg/m2 (IV or SC) on Days 1–7

Dose-escalation phase Safety expansion phase

Courtesy of Mikkael A Sekeres, MD, MS



Excludes patients of arm C (Aza only); Objective response rate (ORR) includes [complete remission (CR) + marrow complete remission 
(mCR) + partial remission (PR)]; # of patients with PR=0; per IWG (Cheson et al., Blood 2006;108:419-425)
DoR: Duration of response; HI: hematological improvement; HI-E: hematologic improvement in erythroids; HI-N: hematologic improvement in 
neutrophils; HI-P: hematologic improvement in platelet count; n: patients with favorable outcomes; N: patients eligible for evaluating 
outcomes 

Median time to CR, months (range) 2.2 (1.2-11.1)

12-mo estimate of DoR after CR, % (95% CI) 83.3 (2.3, 97.5)

mCR with HI (HI-E, HI-P or HI-N), n/N (%) 10/22 (45.5)

O b j e c t i v e  R e s p o n s e  R a t e s

0

P
a

ti
e

n
ts

 (
%

)

C o m p l e t e  R e m i s s i o n M a r r o w  C o m p l e t e  R e m i s s i o n S t a b l e  D i s e a s e

P r o g r e s s i v e  D i s e a s e

1 0

2 0

3 0

4 0

3 8 . 6 %

3 8 . 6 %

1 5 . 8 %

N o n  E v a l u a b l e

5 . 3 %

1 . 7 %

5 0

6 0

7 0

8 0

9 0

1 0 0

CR

mCR

5.3%

Wei et al, Abstract 568 –
AZA plus Venetoclax for HR-MDS: Response Rates  

Wei et al. ASH 2019 Abstract #568.
Courtesy of Mikkael A Sekeres, MD, MS



Appendix 2

• AML Overview slides
• Prognostic/Predictive Tools slides
• Additional Historic Data Sets Provided

Courtesy of Mikkael A Sekeres, MD, MS



• Prognostic/Predictive tools
• Treating Lower-risk MDS
• Treating Higher-risk MDS
• Treating sAML

@MikkaelSekeres

Treating MDS| Agenda

Courtesy of Mikkael A Sekeres, MD, MS



Predictive Tools| Mutation Risk

Driver genes can be 
classified into molecular 
subtypes differentially 
associated with disease 
severity

Makishima et al. Nat Genetics 2017;49:204.

Courtesy of Mikkael A Sekeres, MD, MS



MDS | Machine Learning

Data Random Survival Forest Important Variables

Nazha A, et al. ASH 2018 [#793]

Demographic Training
CC + MLL

ü1
ü1X

Validation
Moffitt

Clinical

Genomic 

Courtesy of Mikkael A Sekeres, MD, MS



Parameter Training
No. (%) / [range]

Validation
No. (%) / [range] p

Total 1471 831
Median age, years 71 [19-99] 69 [4-93] NS
Clinical Variables

Median WBC, 109/L 4.2 [0.6-82.6] 4 [0.1-25.6] NS
Median ANC, 109/L 2.1 [0-65.1] 2 [0-8.5] NS
Median Hb, g/dL 9.9 [3.9-15.6] 10 [3.4-17.1] NS
Median Plts, 109/L 120 [4-975] 117 [7-1280] NS
Median BM Blasts % 4 [0-19] 3 [0-19] NS

2008 WHO Category
RCMD / RCUD 578 (38) 350 (42) NS
RARS 209 (11) 128 (15)
RAEB-1 / RAEB-2 573 (37) 302 (36)
MDS-U 49 (9) 18 (2)
MDS with del (5q) 62 (5) 33 (4)

Nazha A, et al. ASH 2018 [#793]

MDS | Machine Learning

Courtesy of Mikkael A Sekeres, MD, MS
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MDS | Machine Learning

62% 64% 66% 68% 70% 72% 74% 76%

IPSS

IPSSR

IPSS + Mut

IPSSR+ Mut

New Model

Overall Survival

68% 70% 72% 74% 76% 78% 80% 82%

IPSS

IPSSR

IPSS + Mut

IPSSR+ Mut

New Model

Leukemia-Free 
Survival

Nazha A, et al. ASH 2018 [#793] Courtesy of Mikkael A Sekeres, MD, MS



Results: Association Rules
Association Rules (Resistance)
ASXL1, NF1
ASXL1, EZH2, TET2
ASXL1, EZH2, RUNX1
EZH2, SRSF2, TET2
ASXL1, EZH2, SRSF2
ASXL1, RUNX1, SRSF2
ASXL1, TET2, SRSF2
ASXL1, BCOR, RUNX1

Training

Association Rules (Response)
TET2, RUNX1, SRSF2

Median # mutations per 
patient = 3 (range, 0-9)

Accuracy: 87%

31% pts
> 3 mutations/sample

29% pts
Very Low/Low risk by IPSS-R

ORR to HMAs  = 43%

Nazha A, et al. JCO Prec Oncol 2019;3

Predictive Tools|Mutations/Response

Courtesy of Mikkael A Sekeres, MD, MS



Group Median OS 
(m)

<3 mut/sample 28.2
>3 mut/sample w/o rules (69%) 22.8
>3 mut/sample w rules (31%) 14.6

Nazha A, et al. JCO Prec Oncol 2019;3

Predictive Tools|Mutations/Response

Courtesy of Mikkael A Sekeres, MD, MS



Figure adapted from Hanahan D, Weinberg RA. Cell 2011;144:646–74

BH3, bcl homology domain 3; CTLA4, cytotoxic T-lymphocyte-associated protein 4; DARTs, dual affinity retargeting agents; EGFR, epidermal growth factor receptor; 
HGF, hepatocyte growth factor; mAb, monoclonal antibody; PARP, poly adenosine diphosphate ribose polymerase; VEGF, vascular endothelial growth factor

Anti-PD-1/PD-L1 mAbs
Anti-CTLA4 mAbs
Anti-CD33/CD123 mAbs
DARTs
CARs
MBG453
MagrolimabPevonedistat

Eprenetapopt (APR-246)
ALRN-6924
HDAC inhibitors
Hypomethylating agents
Venetoclax
CPX-351
Lenalidomide
ASTX-727
Glasdegib

IDH inhibitors

Imetelstat

H3-B8800

Treating MDS| Disease Biology

Rigosertib
FLT-3/AXL/JAK inhibitors

Courtesy of Mikkael A Sekeres, MD, MS
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MDS | Treatment – Lower-risk

Sekeres and Patel Hematology (ASH Educ Book) 2019. Courtesy of Mikkael A Sekeres, MD, MS



Lower-risk MDS | Modifying 
MLD: HMA

• Regimens:
− DAC 20 mg/m2 IV D1-3 every 4 weeks
− AZA 75 mg/m2 IV/SC D1-3 every 4 weeks

• 113 pts with LR-MDS treated and evaluable for response

• Median duration of follow-up = 14 months (range: 2-30 
months)

• Randomized follow-up study NCT02269280

Jabbour et al. for MDS CRC Blood 2017;130:1514 Courtesy of Mikkael A Sekeres, MD, MS



Lower-risk MDS | Modifying 
MLD: HMA

Response N (%)
CR 33 (36)

mCR 8 (9)
HI 13 (14)

ORR 54 (59)
SD 31 (34)
PD 6 (7)

• Median time to best response: 2 months (range: 1-20)
• Median number of cycles received: 9 (range: 2-32)

Jabbour et al. for MDS CRC Blood 2017;130:1514 Courtesy of Mikkael A Sekeres, MD, MS



Type of IST used (N=217) and responses

ATG + 
Prednisone

43%

CysA
13%

Tacrolimus
4%

ATG+
Tacrolimus

4%

ATG + CysA
21%

ATG + CysA 
+ 

Etanercept
8%

Others
7%

166 patients treated with ATG

Horse
38%Rabbit

62%

Response % 95%CI

CR 11.2 6.5-18.4
PR 5.6 2.5-11.6
HI 32.0 24.1-41.0
SD 39.2 30.7-48.4
PD 12.0 7.1-19.3

ORR 48.8 39.8-57.9

Lower-risk MDS | Modifying 
MLD: ATG

Stahl M et al. Blood Advances 2018;2:1765. Courtesy of Mikkael A Sekeres, MD, MS



Higher-risk MDS | HMA and HCT 

Sekeres and Cutler Blood 2014;123:829.
Courtesy of Mikkael A 

Sekeres, MD, MS



Log-Rank  p=0.0001
HR = 0.58 [95% CI: 0.43, 0.77]
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ORR=35%

24.4 months

15 months

50.8%

26.2%

Fenaux P, et al. Lancet Oncology 2009;10:223-232.

Treating MDS| AZA 

Courtesy of Mikkael A Sekeres, MD, MS



Treating MDS| DAC 

Median OS 10.1 vs. 8.5 months
Lubbert et al. JCO 2011;29:1987. Courtesy of Mikkael A Sekeres, MD, MS



AZA (IV/SC)
75 mg/m2/d (d1-7)

N=92

AZA (IV/SC) + LEN (PO)
75 mg/m2/d (d1-7) +  10mg/d x 21d

N=93

AZA (IV/SC) + Vorin (PO)
75 mg/m2/d (d1-7) + 300mg BID (d3-9)

N=92

Higher-risk 
MDS or 
CMML 

(IPSS >1.5 
and/or 
blasts >5%)

Groups: SWOG, ECOG,
Alliance, NCIC

Total Sample Size: 282/277

Primary Objective: 20%
improvement of ORR 
(CR/PR/HI) based on 
2006 IWG Criteria

Secondary Objectives: OS,
RFS, LFS

Power 81%, alpha 0.05 for 
each combo arm vs. AZA

06/2012 – 06/2014

Sekeres et al. JCO 2017;35:2745-53.

Higher-risk MDS | Combinations

Courtesy of Mikkael A Sekeres, MD, MS



Variable Median
and N (%)

AZA 
n=92 (33%)

AZA+LEN 
n=93 (34%)

AZA+VOR 
n=92 (33%)

Total n=277 
(100%)

Age (yrs, range) 69 (42, 88) 70 (51, 86) 70 (28, 93) 70 (28, 93)

Female 31 (34) 32 (34) 22 (24) 81 (31)

CMML 18 (20) 19 (20) 16 (18) 53 (19)

tMDS 7 (8) 6 (6) 5 (5) 19 (7)
Baseline ANC
(x103) 2 (0, 110) 1 (0, 336) 2 (0, 36) 2 (0, 336)

Baseline Platelet 
count (x103) 70 (8, 4000) 75 (3, 452) 62 (3, 1462) 68 (3, 4000)

Baseline Median 
Blast % 8 (0, 22) 10 (0, 20) 10 (1, 18) 9 (0, 22)

Sekeres et al. JCO 2017;35:2745-53.

Higher-risk MDS | Combinations

Courtesy of Mikkael A Sekeres, MD, MS



Toxicity Variable AZA AZA+LEN 
(P-value vs. AZA)

AZA+VOR 
(P-value vs. AZA) Total 

n=271

Febrile 
neutropenia (n)

10 13 (.66) 12 (.51) 36

GI (n) 4 12 (.10) 14 (.02) 28

Rash (n) 3 14 (<.01) 1 (1) 17
Off Tx due to 
Toxicity/Side 
Effect/Complication

8% 20% (.05) 21% (.03) 18%

Non-protocol 
defined dose 
modifications

24% 43% (.002) 42% (.01) 33%

Sekeres et al. JCO 2017;35:2745-53.

Higher-risk MDS | Combinations

Courtesy of Mikkael A Sekeres, MD, MS



Response Variable AZA AZA+LEN 
(P-value vs. AZA)

AZA+VOR 
(P-value vs. AZA)

Total 
n=277

Median Tx
Duration (Wks)

25 24 20 22

Overall Response 
Rate (%)

38 49 (.16) 27 (.16) 38%

CR/PR/HI (%) 24/0/14 24/1/25 17/1/9 22/1/16%

CMML  ORR (%) 5 (28) 13 (68) (.02) 2 (12) (.41) 37%

ORR Duration 
(median) 10 months 14 months (.41) 15 months (.31) 14 months

CMML ORR 
Duration (median) 15 months 14 months (.87) 24 months (.69) 15 months

Sekeres et al. JCO 2017;35:2745-53.

Higher-risk MDS | Combinations

Courtesy of Mikkael A Sekeres, MD, MS



Sekeres et al. JCO 2017;35:2745-53.

Higher-risk MDS | Combinations

Overall Survival

Courtesy of Mikkael A Sekeres, MD, MS


