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Topics
• Are there different relapses?

• D14/ primary refractory
• Persistent MRD 
• Molecular relapse

• Treatment goals
• Bridge to transplant
• MRD eraser
• Maintenance 

• Treatment approaches
• Salvage chemotherapy
• Vidaza-venetoclax
• Novel agents as monotherapy and in combination
• Sequential therapy



D14 Residual Disease
• >5% blasts has a low specificity for not achieving CR, especially in 

the context of a hypocellular marrow (<20%)

• Up to 35-50% of patients would achieve CR with no additional 
treatment

• No statistically significant difference in median OS or RFS based on 
D14 when survival analysis was stratified by ELN risk group (Balev
et al. ASH abstract 2022)



D14 Residual Disease
• J Rowe et al. Cancer 2010- Patients with residual leukemia on day 

10–14 received a second course of therapy with similar long-term 
outcome in those who achieved CR

• LAM-2001 trial- a second cycle with IDAC was administered to 
patients with >5% bone marrow blast, with no difference in 
outcome

• Possibly higher treatment-related mortality with 2nd induction

• Cancer. 2010 Nov 1; 116(21): 5012–5021

• Haematologica. 2014 Jan;99(1):46-53.





Molecular Failure
Definitions

• Molecular persistence: 
MRD > 1 copy/100 copies 
ABL1 after the completion 
of induction and 
consolidation 
chemotherapy

• Molecular relapse: 
conversion of MRD 
negativity to positivity 

• Molecular progression: a 
rise of ≥1 log10 in 
transcript levels from low-
level positivity

MRD IN AML: ELN MRD WORKING PARTY CONSENSUS 



Persistent MRD

Ivey et al. N Engl J Med 2016; 374:422-433
J Clin Oncol. 2017;35:185–93



Persistent MRD

Dillon et al. Blood 2020
Dillon et al. BJH 2020



Case #1: Low positive
• 25 Y old male
• DN AML FLT3-ITD/NPM1
• 7+3+ mido…. 12%
• S/P IDAC+mido….0.04% Low positive

What do you want to do?
(a) Continue IDAC as consolidation
(b) alloSCT
(c) Gilteritinib
(d) Ven-Aza as a bridge to transplant



The Relevance of FLT3-ITD

Dillon et al. Blood 2020

FLT3 status is relevant 
mainly  in low MRD 

34 patients were positive for FLT3-ITD at diagnosis, and 73 were negative
Pre-transplant MRD

Relapse in patients with pretransplant MRD positivity below these 
levels is largely restricted to those with FLT3-ITD



UK AML Trials
AML17

Decisions regarding CR1-allo were made using baseline factors and 
response to induction

AML19

NPM1mut CR1-allo only in patients testing MRD positive PC2 PB, 
regardless of other baseline risk factors such as FLT3 ITD



The Benefit of Allogeneic Transplant in 1st CR in cNPM1 AML with or 
without FLT3 ITD

• Of the MRD-positive patients 
CR1-allo was performed in 
16/60 (27%) in AML17 
compared to 50/83 (60%) in 
AML19 

• CR1-allo was associated with a 
significant survival benefit in 
MRD+ patients (3y OS 61% vs 
24%)

Blood (2023) 142 (Supplement 1): 425



• Patients over 60 years and patients with FLT3–ITD 
co- mutation had significantly lower RFS with 
intensive consolidation

• In all subgroups, the lower RFS did not translate 
into OS difference

• Relapsed NPM1 patients can often be salvaged 
and consequently achieve long- term remission

Above 60 years



Case #1: Low positive
• 25 Y old male
• DN AML FLT3-ITD/NPM1
• 7+3+ mido…. 12%
• S/P IDAC+mido….0.04% Low positive

What do you want to do?
(a) Continue IDAC as consolidation?
(b) alloSCT
(c) Gilteritinib
(d) Ven-Aza as a bridge to transplant



Case #2: Persistent MRD
• A 57-year-old patient with AML INV16, RAS mutation

• The patient received 7+3+GO in induction and achieved CR (2-log 
reduction)

• After C1 3-log reduction with no change after C2 (200 copies)

What do you want to do?

(a) Continue 2 more IDAC as consolidation

(b) Salvage

(c) Allo SCT

(d) Ven-Aza



Blood® 19 SEPTEMBER 2019 | VOLUME 134, NUMBER 12

Two-year OS and DFS were:
74% and 61% in the FR category
79% and 61% in the IR MRD-negative category
70% and 67% in the IR MRD-positive category Allo might be a good strategy for MRD-positive pts?

Similar signal from the AML17 trial in low MRD patients



t(8;21) MRD positive patients 
benefit from allo transplant

BLOOD, 16 MAY 2013 x VOLUME 121, NUMBER 20

After 2nd consolidation
MMR was defined as a >3-log reduction 
in RUNX1/RUNX1T1



Case #2: Persistent MRD
• A 57-year-old patient with AML INV16, RAS mutation

• The patient received 7+3+GO in induction and achieved CR (2-log 
reduction)

• After C1 3-log reduction with no change after C2 (200 copies)

What do you want to do?

(a) Continue 2 more IDAC as consolidation

(b) Salvage

(c) Allo SCT

(d) Ven-Aza



• OS was significantly different according 
to whether patients never relapsed, had 
molecular relapse, or had upfront 
morphological relapse

• Patients who received preemptive 
therapy had a better OS than those who 
received salvage therapy after having 
progressed from molecular to 
morphologic relapse

• Preemptive therapy included upfront 
allogeneic HCT (n=19), intensive 
chemotherapy (n=21), and non-
intensive therapy (n=13) with different 
OS rates that did not reach statistical 
significance

Leukemia (2024) 38:1949 – 1957 

With preemptive therapy



The median RFS for intervention versus 
continuation of current therapy was 
14.5 and 2.8 months

There was no difference in outcomes 
between patients who proceeded 
directly to allo-SCT at the time of MRD 
recurrence and those who changed 
chemotherapy regimens 

Am J Hematol, 97: E408-E411.



Measurable residual disease-guided treatment with 
azacitidine to prevent haematological relapse in patients 
with myelodysplastic syndrome and acute myeloid 
leukaemia (RELAZA2): an open-label, multicentre, phase 2 
trial

• 53 (AML, n = 48; MDS, n = 5) became MRD-positive 
and were eligible for treatment with azacitidine

• 19 of the 31 patients achieved MRD-negativity

• At 12 months- RFS was 46%, and OS was 75%

• MRD negative 12-month RFS was 88% and OS was 
91%

• Post-hoc analysis comparing outcomes between 
MRD-responders and non-responders showed no 
difference in OS at 6 months

Lancet Oncol (2018) 19(12):1668–79.





44 of 79 patients (56%) underwent allograft 
41 of 44 (93%) without further therapy (only HMA-Ven)
25 of 41 (57%) were MRD negative before transplant

MRD negativity before HSCT did not have an impact on 
OS or EFS



18 patients who ceased treatment after achieving MRD negativity had good outcomes, with 
molecular RFS at 4 years of 62%. 



• 82% achieved MRD negativity

• In the UK NCRI AML17 study, 27 
patients received salvage 
chemotherapy for MRDpos in the 
with 56% MRDneg



Br J Haematol, Volume: 192, Issue: 6, Pages: 1026-1030 2020

92% patients achieved MRDneg
4 proceeded to HSCT

Can we avoid transplant in patients who 
achieve MRD negativity?

Consider:
Transplant risk 
Donor
Additional mutations



MRD-directed pre-emptive treatment in patients with 
molecular failure

• The deepest MRD response achieved with FLT3 inhibitor 
occurred after a median of 50 days 

• In the 28 patients who were bridged to allo-SCT or DLI, 
responses improved after cellular therapy, with CR MRD-
neg increasing from 48% to 96% 

• Treatment at molecular relapse had a higher response rate 
of 75% compared to treatment at molecular progression 
(50%) or persistence (44%, p = 0.46)

• 24-month OS was 91% in patients who achieved MR with 
vs 60% in those who did not

Leukemia (2023) 37:2066 – 2072 



Flow based 0.1%
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Months from randomization

Oral-AZA prolongs OS and RFS vs. placebo in patients with NPM1mut  
mainly in positive post-IC MRD status

29
• MRD determined at study entry by MFC using a “different-from normal” method with a 0.1% positivity threshold.

Median RFS, months

MRD‒, Oral-AZA (n=39) 25.7 MRD+, Oral-AZA (n=27) 15.6

MRD‒, Placebo (n=43) 9.9 MRD+, Placebo (n=24) 4.9

Median OS, months

MRD‒, Oral-AZA (n=39) 48.6 MRD+, Oral-AZA (n=27) 46.1

MRD‒, Placebo (n=43) 31.4 MRD+, Placebo (n=24) 10.0

MRD‒, Oral-AZA 

MRD‒, Placebo

MRD+, Oral-AZA

MRD+, Placebo
P = 0.024

P = 0.366P = 0.182

P = 0.033 P = 0.079

P = 0.324P = 0.019

P = 0.037

OS for patients with NPM1mut at Dx, 

by post-IC MRD status

RFS for patients with NPM1mut at Dx, 

by post-IC MRD status

MRD‒, Oral-AZA 

MRD‒, Placebo

MRD+, Oral-AZA

MRD+, Placebo

Döhner et al. Oral Presentation at ASH 2021. Presentation 804.



Case #3: Persistent MRD
• 29 y old patient, NPM1+ FLT3-TKD AML
• The patient received 7+3 +Midostaurin
• D28 CR by morphology and flow, still neutropenic
• NPM1 MRD PB 18% (1800 copies)

What do you want to do?
(a) AZA VEN
(b) Salvage
(c) Consolidation
(d) allo-BMT



Case #4: Molecular Relapse
• A 50-year-old patient with AML NPM1, FLT3-ITD mutation

• The patient completed 7+3+MIDO in induction 3 IDACs as consolidation with 
MRD negativity at the end of C2

• 3 months post consolidation, NPM1 was detected at 0.1% and in a following 
test (1-month apart) 4%

What do you want to do?

(a) alloSCT

(b) Salvage

(c) Gilt

(d) Ven-Aza- Gilt

(e) Ven-Gilt



Case #4: Molecular Relapse
• A 50-year-old patient with AML NPM1, FLT3-ITD mutation

• The patient completed 7+3+MIDO in induction 3 IDACs as consolidation with 
MRD negativity at the end of C2

• 3 months post consolidation, NPM1 was detected at 0.1% and in a following 
test (1-month apart) 4%

What do you want to do?

(a) alloSCT – do you need to buy time?

(b) Salvage

(c) Gilt

(d) Ven-Aza- Gilt

(e) Ven-Gilt





Summary

D14 
➢ Inconclusive- wait
➢ clear disease with partial response-re-

induction
➢ Refractory disease- salvage/novel 

agents

MRD persistence (low)
➢ Consider other risk factors (FLT3, 

cytogenetics)
➢ Consider treatment augmentation
➢ Monitor closely
➢ Oral Aza?
➢ Allo-SCT is currently the only MRD-

converter with supporting clinical 
evidence

MRD persistence (high)/relapse
➢ Pre-emptive treatment improves 

outcome
➢ Allo-SCT
➢ Consider salvage/ven-aza/FLT3i
➢ Not enough data supporting pte-

transplant on pre-transplant MRD 
erasing



Case #5: Morphological Relapse
• A 39-year-old patient with AML trisomy 8 and TET2 mutation 

• The patient received 7+3+ induction with CR on D28

• The patient received 3 cycles of IDAC 

• 12-months later BM revealed 35% blasts

What do you want to do?

(a) FLAG-IDA-VEN

(b) 7+3

(c) Ven-Aza



FLAG-IDA

• CR was obtained in 24 of 46 patients (52.1%) 

• 3 of 46 (6.6%) died during reinduction therapy

(Annals of Hematology volume 82, 231–235, 
2003)

https://link.springer.com/journal/277


FLAG-IDA-VEN

• CRc of about 60%

• 12m OS 68%

• NPM1, IDH1/2-mutated AML had favorable responses, 
whereas tumor suppressor mutations, in particular TP53, 
resulted in resistance like signaling mutations

• No early mortality

v



• R/R 24 patients

• 44% adverse risk

• CRc 72%



• High rate of invasive fungal 
infection

• Significant early mortality



• There was no difference in 
composite CR rates (IC 57% vs 59% 
HMA/Ven, p = 0.8)

• More patients in the IC cohort 
(41%), compared to the HMA/Ven 
(20%) cohort proceeded to 
transplant (p = 0.04). 



HMA-Ven 
Graveno et al. (2022) Leukemia & 
Lymphoma, 63:7, 1645-1650
• 77 patients with a median of 1 prior 

therapy 
• The median overall survival (OS) 

was 13.1 months 
• CR/CRi of 53%.
Mohassel et al. ASH abstract 2022
• Common chemotherapy regimens 

included MEC (74%), ME (12%), and 
FLAG ± IDA (11%)

• Similar efficacy, better safety



• CR/CRi rate was 24% 

• Azacitidine- ven resulted in higher response rates 
compared with low-dose cytarabine- ven (49% vs 15%; P= 
0.008)

• Median OS was significantly longer with azacitidine- ven 
compared with low-dose cytarabine- ven (25 vs 3.9 
months; P= 0.003)

• This survival advantage persisted when patients were 
censored for subsequent allogeneic stem cell 
transplantation (8.1 vs 3.9 months; P= 0.035)

• Mutations in NPM1 were associated with higher response 
rates, whereas adverse cytogenetics and mutations in 
TP53, KRAS/NRAS, and SF3B1 were associated with worse 
OS

Blood Adv 2021



Case #5: FLT3-Mutated AML
• A 39-year-old patient with AML FLT3-ITD 

• The patient received 7+3+ midostaurin induction with active 
disease on D28

What do you want to do?

(a) FLAG-IDA-VEN

(b) Gilteritinib

(c) Gilteritinib-venetoclax

(d) Ven-Aza-Gilteritinib



Relapsed FLT3-Mutated AML

• Azacitidine with Sorafeninb in R/R AML

• 37 patients- CR/CRi 43%

(Blood. 2013 Jun 6;121(23):4655–62)





• CR rate was 48%

• 12% proceeded to allo-SCT

• Patients who achieved CR had a higher median OS than patients who 
did not (16.3 vs. 2.6 months)

• The major hematological toxicity was thrombocytopenia, and the 
main non-hematological toxicity was grade II elevated liver enzymes

• No clinically meaningful QT interval prolongations or differentiation 
syndrome were reported



• The median age was 63 years

• 30% received prior alloSCT

• 16% received prior venetoclax

• 64% had prior FLT3 TKIs

• The CRc rate was 39% 

• Median DOR of 4.9 months 

• The median time to first CRc was 2.1 
(range, 0.7-4.6) months

• 50% FN, 15% 17% sepsis

J Clin Oncol 40:4048-4059.  2022 



Among 8 patients with R/R AML and prior exposure to a FLT3i the CRc rate was 63% 

Same group JCO 2024

• 22 R/R patients

• The recommended phase II dose was gilteritinib 80 mg once daily in combination 
with azacitidine and venetoclax. 

• In the relapsed/refractory cohort, the CR/CRi rate was 27%



Case #5: FLT3-Mutated AML
• A 39-year-old patient with AML FLT3-ITD 

• The patient received 7+3+ midostaurin induction with active 
disease on D28

What do you want to do?

(a) FLAG-IDA-VEN

(b) Gilteritinib

(c) Gilteritinib-venetoclax

(d) Ven-Aza-Gilteritinib



Case #6: p53-mutated R/R AML
• A 45-year-old patient with AML with del17p and complex 

karyotype

• The patient received CPX-351 with no response

• Similar no response to FLAG-IDA-VEN

What do you want to do?

(a) Sequential

(b) Ven-Aza

(c) MEC



• 3-years OS of 61%
• Non-relapse mortality at 

3 months and 3-years 
were 6% and 16%

• Relapse incidences were 
6% and 29%



• RIST-arm- intensive remission induction with 
HAM and subsequent alloHCT 

• DISC-arm- disease control prior to sequential 
conditioning and alloHCT

• In the DISC-arm, 76% were kept on w&w

• In the RIST-arm all pts received HAM

• The primary endpoint CR D56 after alloHCT 
was reached by 84.1% of pts in the DISC-arm 
and 81.3% of pts in the RIST-arm 



Case #6: p53 mutated R/R AML
• A 45-year-old patient with AML with del17p and complex 

karyotype

• The patient received CPX-351 with no response

• Similar no response to FLAG-IDA-VEN

What do you want to do?

(a) Sequential

(b) Ven-Aza

(c) MEC



Case #7: Non-Fit Patients
• A 50-year-old patient with AML with and IDH1 and RUNX1 mutations
• Medical Hx is relevant for compensated liver cirrhosis
• The patient received Aza-ven with CR lasting 7 months
• Due to reduction in counts (ANC-1000, PLT-85K) BM was done showing 

15% blasts

What do you want to do?
(a) Ivosidenib
(b) 5+2
(c) Maintenance ven-aza



• 21% CR

• Median time to response around 2 months



• Median age 72 years
• 77% had received 2 prior AML-directed 

therapies, including 73% received IC and 
10% who had received prior HSCT

• Treatment options: azacitidine, 
intermediate-dose cytarabine (IDAC), 
low-dose cytarabine (LDAC), or best 
supportive care 

• No difference in OS



Menin Inhibitors

DOI:10.1038/s41375-024-02368-7

http://dx.doi.org/10.1038/s41375-024-02368-7
http://dx.doi.org/10.1038/s41375-024-02368-7
http://dx.doi.org/10.1038/s41375-024-02368-7
http://dx.doi.org/10.1038/s41375-024-02368-7
http://dx.doi.org/10.1038/s41375-024-02368-7
http://dx.doi.org/10.1038/s41375-024-02368-7
http://dx.doi.org/10.1038/s41375-024-02368-7
http://dx.doi.org/10.1038/s41375-024-02368-7
http://dx.doi.org/10.1038/s41375-024-02368-7


Differentiation Syndrome

• Dyspnea

• Fever

• Weight gain

• Hypotension

• Acute renal failure

• Pulmonary infiltrates or pleuropericardial effusion

• Multiple organ dysfuction





DS

• Interrupt study treatment

• Initiate high dose steroids

• Initiate treatment with hydrea/ other cytoreduction



Non-Fit Patients
• Non-curative intent

• Quality of life

• Try treatment for targetable mutations

• Remember differentiation syndrome with IDH1/2 inhibitors

• Consider Ven-aza “maintenance in low burden, non-proliferative 
disease



!!!בהצלחה

ד״ר בועז נחמיאס

הדסה עין כרם, שרות הלוקמיה

050-5172520

boazn@Hadassah.org.il
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