haematologica

Journal of the Ferrata Storti Foundation ®

Frontline isocitrate dehydrogenase inhibitor therapy in isocitrate

dehydrogenase-mutated myelodysplastic neoplasms

by Amin Azem, Ziad Abuhelwa, Umar Iqbal, Najla Al Ali, Syeda Saba Kareem, Eric Padron, Onyee Chan,
Andrew T. Kuykendall, Zhuoer Xie, Alison Walker, Rory Shallis, Jeffery Lancet, Rami Komrokji
and David A. Sallman

Received: August 10, 2026.
Accepted: October 30, 2026.

Citation: Amin Azem, Ziad Abuhelwa, Umar Igbal, Najla Al Ali, Syeda Saba Kareem, Eric Padron,

Onyee Chan, Andrew T. Kuykendall, Zhuoer Xie, Alison Walker, Rory Shallis, Jeffery Lancet, Rami Komrokji
and David A. Sallman. Frontline isocitrate dehydrogenase inhibitor therapy in isocitrate
dehydrogenase-mutated myelodysplastic neoplasms.

Haematologica. 2026 Nov 5. doi: 10.3324/haematol.2026.301769 [Epub ahead of print]

Publisher's Disclaimer.

E-publishing ahead of print is increasingly important for the rapid dissemination of science.
Haematologica is, therefore, E-publishing PDF files of an early version of manuscripts that have
completed a regular peer review and have been accepted for publication.

E-publishing of this PDF file has been approved by the authors.

After having E-published Ahead of Print, manuscripts will then undergo technical and English editing,
typesetting, proof correction and be presented for the authors' final approval, the final version of the
manuscript will then appear in a regular issue of the journal.

All legal disclaimers that apply to the journal also pertain to this production process.



Frontline isocitrate dehydrogenase inhibitor therapy in isocitrate dehydrogenase-
mutated myelodysplastic neoplasms

Amin Azem", Ziad Abuhelwa®, Umar Igbal', Najla Al Ali', Syeda Saba Kareem®, Eric

Padron', Onyee Chan', Andrew Kuykendall', Zhuoer Xie', Alison Walker', Rory Shallis,

Jeffrey Lancet!, Rami Komrokiji'#, David A. Sallman'#

1. Department of Malignant Hematology, H. Lee Moffitt Cancer Center & Research
Institute, Tampa, FL, USA

* Authors contributed equally to this work

# Authors contributed equally to this work

Running title
IDH Inhibitors in MDS

Corresponding author
David A. Sallman, MD

12902 USF Magnolia Drive

Department of Malignant Hematology

H. Lee Moffitt Cancer Center & Research Institute
Tampa, FL, USA, 33612
David.Sallman@moffitt.org

Authors’ disclosures

RK: JAZZ, pharma Essentia, Servier, DSI, Sobi and Rigel speaker's bureau and
advisory board honoraria. BMS, Geron, Genentech, Keros, and Sumitomo advisory
board honoraria. OC: Jazz research funding, AbbVie honoraria and research funding,
Novartis, BMS, and Syndax consultancy. AK: Consultancy/Honoraria: Abbvie, Agios,
Blueprint Medicine, Celgene/BMS, Cogent Biosciences, CTI, Biopharma,
Deciphera/Ono, DISC Medicine, Geron, GSK, Imago, Incyte, Karyopharm, MorphoSys,
Novartis, Opna Biosciences, PharmaEssentia, Protagonist, Silence Therapeutics,
Takeda, Research Funding: AJAX, Blueprint Medicines, BMS, Geron, GSK, Janssen,
Kartos, MorphoSys, Novartis, Protagonis. JL: Consultant-Prelude Therapeutics,
Stemline Therapeutics, Syndax Pharmaceuticals, Research Support- Biomea Fusion,
Jasper Therapeutics. EP: Research Funding: BMS and Incyte. Advisory: SoBi,
ImmuneOnc, GSK, BMS, Pharmaessentia, and BluePrint. DS: Consultancy AbbVie,
Agios, Gilead, Celyad, Froghorn, Incyte, Intellisphere, Kite, Magenta, and Novartis. Ad


mailto:David.Sallman@moffitt.org
https://www2.cloud.editorialmanager.com/haematologica/download.aspx?id=70921&guid=22fe9ace-db3f-4a66-a52b-809fb15a3c3e&scheme=1
https://www2.cloud.editorialmanager.com/haematologica/download.aspx?id=70921&guid=22fe9ace-db3f-4a66-a52b-809fb15a3c3e&scheme=1
igor
Evidenziato


Board - AvenCell, Astellas, BlueBird Bio, BMS, Dark Blue Therapeutics, Intellia, Jasper
Therapeutics, Kite, Magenta Therapeutics, NKARTA, Novartis, Orbital Therapeutics,
Rigel Pharmaceuticals, Shattuck Labs, Servier, Syndax, and Syros. Research Funding -
Aprea, Jazz. All other authors state that they have no conflict of interest.

Author contributions

A.A & Z.A: Study design, data collection, analysis, manuscript writing and
review.

U.l, N.A, S.S.K: Data collection, manuscript review.

E.P,0.C,AK, ZX, AW, R.S, J.L: Analysis and manuscript review.

R.K & D.S: Study design, analysis, manuscript writing and review.

Acknowledgements: The authors have no acknowledgements to declare.

The data supporting the findings of this study are available from the
corresponding author upon reasonable request.

Artificial intelligence—assisted technology (Anthropic Claude Opus
5.5) was used solely to assist in the creation and formatting of figures
for this manuscript (excluding Kaplan-Meier curves). It was not used
for data analysis, interpretation, or writing the manuscript. The
authors reviewed and verified all Al-assisted output and take full
responsibility for the content of this publication.



To the Editor:

Mutated isocitrate dehydrogenase (m/DH) enzymes result in the aberrant conversion of
o-ketoglutarate (aKG) to D-2-hydroxyglutarate (2HG), leading to epigenetic
dysregulation, impaired hematopoietic differentiation and leukemogenesis (1). IDH
mutations are less frequently observed in myelodysplastic neoplasms (MDS, ~5%),
compared with up to 20% in acute myeloid leukemia (AML). Targeted inhibition of mutant
IDH enzymes with small-molecule inhibitors has been shown to reduce intracellular 2HG

levels, reversing the hypermethylation signal and restoring cellular differentiation (2, 3).

Ivosidenib, a first-in-class mutant IDH1 inhibitor, has demonstrated clinical efficacy in
patients with AML with FDA approval as monotherapy in frontline and relapsed/refractory
(R/R) disease as well as frontline therapy in combination with azacitidine (4-6). Ivosidenib
was approved for R/R MDS after demonstrating a high overall response rate (ORR) of
83.3%, a complete response (CR) rate of 38.9% (7/18), a median overall survival (OS) of
36 months, and a median duration of response that was not reached (7). Notably, the
majority of patients had intermediate or higher-risk disease and had received prior
hypomethylating agents (79%) or intensive chemotherapy (15.8%) (7). Enasidenib, a
selective mutant IDHZ2 inhibitor, is currently approved by the FDA for the treatment of R/R
AML and has also shown activity in MDS. In a phase |l study evaluating enasidenib in
high-risk MDS, composite CR rates were 70% and marrow CR rate were 33% in
treatment-naive patients receiving enasidenib in combination with hypomethylating

agents (HMA) and 22% in patients with R/R disease receiving enasidenib monotherapy

(8).



Despite these encouraging results in R/R settings, data evaluating the use of IDH
inhibitors in the frontline treatment of m/DH MDS remain limited. In this study, we present
our institutional experience with frontline IDH inhibitor therapy in patients with treatment-
naive m/DH MDS. We conducted a retrospective cohort study of patients diagnosed with
m/DH MDS who received IDH-directed therapy at Moffitt Cancer Center between January
2017 to July 2024 with clinical follow-up continued through April 2026. Clinical, laboratory,
and molecular data were obtained through systematic chart review. The primary indication
for treatment in the lower-risk group was neutropenia, and the decision to use IDH
inhibitors rather than standard-of-care therapy was based on their favorable safety profile
and the treating physician’s clinical experience and expertise. Treatment responses were
assessed according to the International Working Group (IWG) 2023 response criteria.
Overall response (ORR) was defined as the achievement of hematological improvement
or better response per IWG 2023. Descriptive statistical methods were used to summarize
patient characteristics and treatment outcomes. This study was approved by the Moffitt

Cancer Center Scientific Review Committee and institutional review board.

Ten patients with MDS had IDH mutations and were treated with IDH-directed therapy.
Among these, 70% (7/10) had an IDH1 mutation and 30% (3/10) had an IDH2 mutation.

All patients received IDH-directed therapy as frontline treatment.

Baseline demographics and risk stratification are shown in Table 1. Of the cohort, 20-30%
of patients had higher-risk disease based on clinical and molecular risk stratification
models. Median number of mutations detected on Next Generation Sequencing (NGS)
was 3 and the most common co-mutations were SRSF2(4), DNMT3A(3), and

ASXL1/SF3B1/STAG2(2; Supplemental Figure 1).



Among patients with IDH7 mutations, 86% (6) received single agent ivosidenib and 14%
(1) received combination of ivosidenib with azacitidine (Figure 1). The median baseline
blood counts are highlighted in Table 1. The CR or CR-equivalent (full peripheral blood
count recovery with <5% blasts at baseline) rate was 100% (7) per IWG 2023 criteria, and
57% (4) achieved undetected IDH1 mutation based on serial NGS (VAF < 5%). The
median time to best response based on IWG 2023 was 14 days (range, 11-143). The
median duration of best response was 39 months (range, 11-79) and the median duration
of therapy was 40 months (range, 12-80). One patient (#3 in Figure 1) lost response
approximately 11 months after achieving CR-equivalent and although alternative therapy
was initiated, the patient passed away prior to reassessment because of complications
related to COVID-19 infection. One patient with very high-risk disease by IPSS-R treated
with combination therapy developed IDH1-mutated AML relapse after undergoing
allogeneic stem cell transplant (ASCT) while on maintenance ivosidenib post-transplant

(Figure 1). The remaining 71% (5) are alive and in ongoing remission.

Among patients with IDH2 mutations, 67% (2) received single agent enasidenib and 33%
(1) received combination azacitidine with enasidenib (Figure 1). The median baseline
blood counts are highlighted in Table 1. Two patients had CR-equivalent and one patient
CR-bilineage per IWG 2023. One patient achieved undetected IDH2, one patient had
>50% reduction in IDH2 allele burden, and third patient did not have molecular
assessment at follow-up. One patient underwent ASCT and remains in remission without
additional therapy. Two remain on active therapy maintaining response until the date of
analysis. The median duration of best response was 23 months (range, 12—43) and the

median duration of therapy was 27 months (range, 16—44). In patients who achieved



molecular clearance of the total cohort (5/10), the median time to clearance was 11
months (range, 3-37) although prospective study is required to further define the kinetics

of clearance.

Our results suggest that frontline /IDH inhibition in treatment-naive m/IDH MDS is
associated with very high clinical and molecular response rates with durable remissions
including a duration of >6 years on active therapy. In comparison to R/R MDS patients,
both the composite CR and duration of remission are substantially improved in our cohort
of patients treated with frontline therapy. Specifically with a median follow-up of 34
months, 70% of patients continue on active therapy with a median duration of response
not reached. Notably, the median OS was 36 months with ivosidenib and 20 months with
enasidenib in the R/R setting (7, 8), while in our study has not been reached
(Supplemental Figure 2), and this is inclusive of 30% of patients with higher risk disease.
Further, the totality of data to date have suggested improved durations of response and
survival with utilization of IDH inhibitors in MDS than in the respective AML studies (4, 5,
9). The data suggests that early intervention with IDH inhibitors prior to AML
transformation is disease modifying although future translational studies are required to
better elucidate these findings. For our lower-risk MDS patients, indication for therapy
was predominantly G4 neutropenia as we have previously shown IDH mutations are
strongly enriched in LR-MDS patients with severe neutropenia (10). Notably,
normalization of ANC was rapid leading to absence of any infectious complications during
follow up (Figure 2). In our cohort, IDH1 mutations were exclusively R132C and IDH2
mutations R140Q (Table 1; Supplemental Figure 1), which may partly explain the

observed responses and differential outcomes, as other IDH isoforms (e.g IDH1 R132H



and IDH2 R172) are strongly associated with AML (11). The safety of IDH inhibitor
monotherapy was excellent with transient cytopenias observed only in patients receiving
HMA. For patients on ivosidenib, Grade 1 QTc prolongation occurred in 14%. Importantly,
differentiation syndrome of any grade occurred in 0% of patients, and no patient required

a treatment interruption or discontinuation related to an adverse event.

Moreover, our group previously demonstrated that treatment with azacitidine without /IDH-
directed therapy yielded an ORR that did not exceed 50%, CR rate of approximately 14%,
and mOS of no more than 31 months for the entire cohort (12). Sebert et al., found that
patients who did not respond to /DH inhibitors showed no additional responses when HMA
was later added (13). The majority of our patients in this study received IDH inhibitor
monotherapy (8/10), supporting the potential role of single-agent IDH-directed therapy
particularly in patients with neutropenia given the robust ANC recovery observed in all
patients, and raising questions about the benefit of HMA therapy without an /DH inhibitor
in this population, both in the frontline and subsequent-line settings. Notably, the one
patient with early AML transformation following ASCT was treated with combination
therapy. We thus eagerly await the prospective phase 3 PyramIDH study comparing
ivosidenib monotherapy versus HMA in treatment-naive m/DH1 MDS (clinicaltrials.gov
#NCT06465953). It is also important to recognize that therapeutic decision-making should
account for the specific IDH isoform, relevant co-mutations, and the patient’s overall risk
profile. Further supporting the potent efficacy of m/DH inhibition in early disease course,
Bolton et al. demonstrated hematological response rates of 82% in patients with mIDH1
clonal cytopenias of undetermined significance (CCUS) treated with ivosidenib

monotherapy (n=20) with a median duration of response not reached (14). Recent data



highlight similar outcomes of higher risk CCUS patients and lower-risk MDS patients
which together support for consideration of uniform treatments across this continuum of
disease (15). Recognizing the limitations imposed by our sample size and heterogenous
treatment approaches across different risk groups, significant caution is required in
drawing broader conclusions. Given the rarity of these molecular subgroups,
international, real-world datasets along with continued follow-up of the above clinical trials
should further strengthen the disease modifying impact of early /IDH inhibition. However,
questions remain if indefinite vs fixed duration of therapy is required as well as if molecular

clearance should impact this decision.
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Table 1: Baseline patient characteristics and treatment responses

Median age (range)
Male, n (%)
IPSS-R high/very high, n (%)

IPSS-M mod-high/high/very high, n
(%)

Abnormal karyotype, n (%)
IDH Variant
Median VAF%* (range)

=23 co-mutations on NGS, n (%)

Median ANC x103/uL (range)

Median hemoglobin g/dL (range)

Median platelets x103%/uL (range)

Overall response, n (%)

CR or CR-equivalentt, n (%)

CR*, n (%)

Overall (N =

10)
71 (49 — 84)
4 (40)
2 (20)

3 (30)

3 (30)
9 (90)

0.34 (0.15 —
1.10)

10.0 (8.5 —
15.4)

168 (95 —
849)

10 (100)
9 (90)

8 (80)

IDH1 (n =7) IDH2 (n = 3)
73 (58 — 84) 68 (49 — 76)
3 (43) 1(33)

2 (29) 1(33)

2 (29) 1(33)

2 (29) 1(33)
p.R132C p.R140Q

32.1(9.6-43.7) 24.7 (24.7-24.7)

6 (86) 3 (100)

0.29 (0.15-0.77) 0.52 (0.33 — 1.10)

9.8(8.5-125) 14.9(9.0 - 15.4)

202 (111 —849) 108 (95 — 194)

7 (100) 3 (100)
7 (100) 2 (67)
6 (86) 2 (67)

*One IDH1 patient and one IDH2 patient had unknown VAF.
T Per International Working Group 2023.
T Per International Working Group 2006. 100% of patients achieved hematologic

improvement.

Abbreviations: ANC, absolute neutrophil count; CR, complete response; IDH, isocitrate
dehydrogenase; IPSS-M, Molecular International Prognostic Scoring System; IPSS-R,
Revised International Prognostic Scoring System; VAF, variant allele frequency.
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Figure Legends
Figure 1: Swimmer plot of treatment duration, response, and outcomes in patients
receiving IDH inhibitor-based therapy

Abbreviations: AML, acute myeloid leukemia; Aza, azacitidine; CR, complete remission; HI-E, hematologic improvement—erythroid;
HI-N, hematologic improvement—neutrophil; HI-P, hematologic improvement—platelet; HSCT, hematopoietic stem cell transplantation;
IDH, isocitrate dehydrogenase; IPSS-M, Molecular International Prognostic Scoring System; IWG, International Working Group; Ivo,
ivosidenib; Ena, enasidenib.

Figure 2: Peripheral blood count trends in all patients

Abbreviations: ANC, absolute neutrophil count; Aza, azacitidine; Ena, enasidenib; Hgb, hemoglobin; Ivo, ivosidenib; Plts, platelets;
C1-C6, treatment cycles 1-6.
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Supplementary

Co-mutations and cytogenetics
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Figures Legends

Supplemental Figure 1: Co-mutations and cytogenetics

Abbreviations: ISCN, International System for Human Cytogenomic Nomenclature; VAF, variant allele frequency; VUS, variant of uncertain

significance.
Supplemental Figure 2: Kaplan-Meier Estimate of Overall Survival

Tick marks indicate censored observation.





