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Dear Editor,
The interpretation of persistent IDH1/2 mutations in acute

myeloid leukemia (AML) remains a matter of debate, particularly in
the context of measurable residual disease (MRD) assessment.
While IDH1 and IDH2 mutations are well-established therapeutic
targets and are readily trackable with high analytical sensitivity,
their biological position within clonal hierarchies raises uncertainty
about whether their persistence reflects residual leukemia or
survival of pre-leukemic clones [1–3]. This distinction has direct
clinical implications, as misclassification of IDH1/2 persistence may
lead to inappropriate therapeutic escalation or misinterpretation
of remission depth.
To address this issue, we performed a longitudinal analysis of

IDH1/2 mutational burden using droplet digital PCR (ddPCR), a
highly sensitive and quantitative technique, across multiple
disease stages in patients with IDH1/2-mutated AML; ddPCR
assays were optimized and validated for each IDH1/2 variant
analyzed, demonstrating excellent reproducibility (median pre-
cision 99.1%) and a practical sensitivity limit of 0.2% fractional
abundance (FA). This sensitivity allowed reliable detection of
low-level mutant alleles well below the threshold of conven-
tional sequencing (Supplementary S1). Our aim was not to re-
assess IDH1/2 as a universal MRD marker, but to provides a
practical, biology-oriented interpretation of serial IDH1/2 results
across different disease stages and treatment contexts, including
a blast/IDH FA ratio to help distinguish leukemia-related
persistence from CH-like persistence. Experiments were con-
ducted according to relevant regulations; ethical approval for
sample collection and analysis was obtained for all the
participants in the ethical committee of Bologna (approval code:
012/2009/U/Tess, 01/2011/U/Tess, 10/2011/U/Tess and 253/
2013/O/Tess).
We analyzed 106 serial bone marrow samples obtained from 23

adult patients with IDH1 or IDH2-mutated AML from a pool of 84
consecutive cases (consort diagram is shown in Supplementary S2,
patients characteristics are summarized in Table 1). Samples were
collected at diagnosis, during complete remission (CR), and at
relapse or stable disease, with longitudinal sampling available for
most patients and a median follow-up of 24 months (Supple-
mentary S3).
At diagnosis, IDH1/2 mutations were detected in all evaluable

samples and typically displayed high FA values (median 45.3%),
consistent with their presence in founding or dominant leukemic
clones. Similarly, at relapses or disease persistence, most samples
showed FA values above 20%, reflecting re-expansion of the
leukemic compartment (Fig. 1A). These findings confirm that
IDH1/2 mutations robustly track overt disease burden at active
disease stages, confirming previous reports [4, 5].

In contrast, the behavior of IDH1/2 mutations during complete
remission was markedly heterogeneous. While most CR samples
showed very low or undetectable IDH1/2 FA, a distinct subset
retained high FA values comparable to those observed at
diagnosis, despite the absence of morphologic disease. Unsuper-
vised clustering revealed a bimodal distribution, separating
patients with near-complete clearance of IDH1/2 mutations from
those with persistent high-level positivity (Fig. 1 B).
Consistent with these observations, IDH1/2 positivity detected

by ddPCR did not predict clinical outcome in our cohort.
Importantly, this persistence was not associated with imminent
relapses, inferior overall survival, or shorter remission duration
(Supplementary S4), and we documented both cases of patients
with stable CR despite high IDH1/2 FA and cases of sudden relapse
after undetectable IDH1/2 (Fig. 1C). These data add to the ongoing
debate on the prognostic value of persistent IDH1/2 mutations, as
previous studies have yielded heterogeneous results [6–9]. In a
recent large trial-based cohort of intensively treated IDH-mutated
AML, Boertjes et al. reported that persistent IDH2, but not
persistent IDH1, in complete remission was associated with
increased relapse risk, particularly in patients without concomitant
NPM1 mutations or FLT3-ITD [9]. These findings suggest that the
utility of IDH-based MRD is context-dependent rather than
uniform across all IDH-mutated AML. Our study addresses a
different and complementary question: how serial IDH1/2
measurements obtained by ddPCR across diagnosis, remission,
relapse, and different treatment contexts should be interpreted in
routine practice. Rather than focusing only on relapse prediction
at a remission landmark, we examined longitudinal clonal kinetics,
concordance with an orthogonal MRD marker, and a practical
marrow blast/IDH FA ratio that may help distinguish leukemia-
related persistence from clonal hematopoiesis-like persistence.
Notably, this work is intended to refine interpretation of persistent
IDH1/2 positivity rather than to propose IDH1/2 as stand-alone
universal MRD markers.
Furthermore, in patients harboring concurrent NPM1 mutations

—a validated molecular MRD marker—IDH1/2 FA showed poor
concordance with NPM1-based MRD status. Regardless of the FA
threshold applied, IDH1/2 positivity failed to reliably identify true
MRD-positive cases when NPM1 was used as the reference
standard, underscoring the limited specificity of IDH1/2 persis-
tence for residual leukemia (Fig. 1D, E). These findings support the
concept that IDH1/2 mutations frequently persist in pre-leukemic
or clonal hematopoiesis (CH) compartments [10–13], and
strengthen the evidence of limited concordance already reported
[9, 14]. This interpretation is biologically plausible, as IDH1/2
mutations can arise early during leukemogenesis and may be
retained in hematopoietic stem or progenitor cells that survive
cytotoxic therapy [5, 8, 15]. In this context, persistence of IDH1/2
mutations reflects clonal ancestry rather than active leukemia,
explaining why high FA values may coexist with durable clinical
remission.
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To assist in the practical interpretation of IDH1/2 results, we
propose a simple ratio integrating morphologic and molecular data:

c ¼ Bonemarrow blasts by morphology%
Fractional abundance%

Table 1. Patients characteristics at disease diagnosis.

Patients characteristics

Sex (female/male) 14 (61%) / 9 (39%)

Age, median (IQR) 59 (47.5–66)

Previous myeloid disorders, n (%) 1/23 (4%)

Karyotype

Normal, n (%) 15/23 (65%)

−7, n (%) 2/23 (9%)

+8, n (%) 2/23 (9%)

Complex, n (%) 1/23 (4%)

Other alterations, n (%) 3/23 (13%)

FLT3 ITD, n (%) 5/22 (23%), 1 patient not
evaluated

FLT3 TKD, n (%) 1/22 (5%), 1 patient not
evaluated

NPM1 mutation, n (%) 8/21 (38%), 2 patients
not evaluated

ELN risk

Low 6/23 (26%)

Intermediate 14/23 (61%)

High 3/23 (13%)

IDH1 mutation, n (%) 10/23 (45%)

R132G, n (%) 2/23 (9%)

R132H, n (%) 8/23 (35%)

IDH2 mutation, n (%) 13/23 (57%)

R172K, n (%) 7/23 (30%)

R172S, n (%) 1/23 (4%)

R140Q, n (%) 5/23 (22%)

1st line therapy

Intensive chemotherapy, n (%) 20/23 (87%)

3+ 7, n (%) 4/23 (17%)

DAE, n (%) 2/23 (9%)

ICE, n (%) 2/23 (9%)

3+ 7+midostaurin, n (%) 2/23 (9%)

FLAI5, n (%) 6/23 (26%)

FLAI3, n (%) 2/23 (9%)

GO-AIE/GO-FLAI, n (%) 2/23 (9%)

Non-intensive treatments, n (%) 3/23 (13%)

Enasidenib+azacytidine, n (%) 2/23 (9%)

HMAs, n (%) 1/23 (4%)

Response to induction with
chemotherapy

11/20 (55%)

Allogeneic bone marrow transplant, n
(%)

15/23 (65%)

CR1, n (%) 5/23 (22%)

Not CR1, n (%) 10/23 (45%)

IQR interquartile range, FLT3 FMS-like tyrosine kinase 3, ITD internal tandem
duplication, TKD tyrosine kinase domain, NPM1 Nucleophosmin, IDH
isocitrate dehydrogenase, ELN European leukemia net, HMAs hypomethy-
lating agents, 3+ 7 3 days anthracycline and 7 days of cytarabine in
continuous infusion, ICE idarubicin, high dose cytarabine and etoposide,
DAE daunorubicin, etoposide, high dose cytarabine, FLAI3/5 fludarabine,
high dose cytarabine and idarubicin for 3 or 5 days, AIE high does
cytarabine, idarubicin, etoposide, GO gemtuzumab ozogamicin, CR1 1st
complete remission, exclude patients with induction failure; sums may not
be 100 due to rounding.
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Extreme values of this ratio highlight discordant biological
scenarios.

0:05< c < 20

Very low c values (<0.05) indicate disproportionately high IDH1/
2 burden relative to blast count, consistent with CH-like
persistence. Conversely, very high c values (>20) suggest
subclonal IDH1/2 involvement that does not represent the bulk
leukemia population (S5). Applied retrospectively, this approach
helped identify patients with lifelong CH-like IDH1/2 persistence
as well as rare cases of subclonal IDH1/2 mutations. While heuristic
and requiring external validation, this ratio provides a pragmatic
framework to contextualize IDH1/2 results in routine practice and
can be translated to other mutations.
In our set, treatment modality further influenced IDH1/2

mutation kinetics. In patients achieving remission after intensive
chemotherapy, leukemia-related IDH1/2 mutations typically
cleared rapidly, mirroring the cytotoxic eradication of the
dominant clone. In contrast, in patients treated with IDH inhibitors,
mutation clearance was often delayed, even in the presence of
clinical and morphologic remission (Supplementary S6). This
pattern is consistent with differentiation-driven responses and
metabolic reprogramming rather than immediate clonal elimina-
tion. These observations emphasize that the depth and timing of
molecular clearance must be interpreted in the context of
treatment mechanism and should not be uniformly equated with
treatment failure. After allogeneic hematopoietic cell transplanta-
tion, all evaluable patients became IDH1/2-negative at early post-
transplant timepoints, although relapse still occurred in some
cases [16]. This highlights that the biological meaning of IDH1/2
persistence differs substantially in the post-transplant setting,
where donor hematopoiesis, immune-mediated graft-versus-
leukemia effects, and clonal selection reshape disease dynamics.
Accordingly, our interpretive framework was not intended to be
applied after transplantation.
Taking together, our data reinforce current European Leuke-

miaNet MRD recommendations, which emphasize that not all
somatic mutations carry equal MRD informativeness [17]. While
ddPCR is a powerful tool for sensitive detection of IDH1/2
mutations, persistence of these mutations alone should not be
interpreted as definitive evidence of residual leukemia. Instead,
IDH1/2 mutations should be viewed as biological reporters whose
significance depends on clonal hierarchy, co-mutation pattern,
blast burden, and treatment context.
From a clinical standpoint, these findings argue against using

IDH1/2 positivity as a stand-alone trigger for therapeutic

intervention in remission. Persistent high-level IDH1/2 positivity
in the absence of other MRD signals should prompt cautious
interpretation rather than automatic treatment escalation. Con-
versely, rapid clearance of IDH1/2 mutations in selected contexts
may reflect effective targeting of leukemic clones but should be
confirmed with orthogonal MRD methods.
In conclusion, IDH1/2 mutations are excellent therapeutic

targets and valuable tools for tracking clonal architecture in
AML, but they should not be considered universal or stand-alone
MRD markers. A context-aware, biology-informed approach
integrating molecular, morphologic, and treatment-related vari-
ables is essential to avoid misinterpretation. Prospective studies
incorporating standardized MRD frameworks and treatment-
specific kinetics will be required to define when, and in whom,
IDH1/2-guided monitoring can safely inform clinical decision-
making.
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