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To the editor.

Morphologic leukemia-free state (MLFS) after
venetoclax-based therapy in untreated acute myeloid
leukemia (AML) was associated with preserved short-
term survival but frequent relapse, persistent cytopenias,
and substantial treatment burden in our single-center
real-world cohort. Venetoclax combination therapy is a
standard option for patients with AML who are
ineligible for intensive chemotherapy, and MLFS is
frequently observed during early treatment cycles;
however, its prognostic and clinical significance in
routine practice remains uncertain. Persistent residual
disease/morphologic relapse (RD/MR) after cycle 2 was
associated with poor short-term survival, whereas
MLEFS after cycle 2 appeared to represent an
intermediate clinical response state rather than
remission-equivalent disease control. We therefore
retrospectively evaluated early treatment responses in
patients with untreated AML receiving venetoclax
combination therapy at our institution, with a particular
focus on the clinical implications of MLFS after cycles
1 and 2.

We included patients aged >18 years with untreated
AML who received venetoclax combination therapy as
initial treatment at Anjo Kosei Hospital between April
2021 and April 2023. Cytogenetic risk was assessed
according to the European LeukemiaNet 2017 criteria.'
Treatment response was classified as complete
remission (CR), CR with incomplete hematologic
recovery (CRi), MLFS, residual disease (RD), or
morphologic relapse (MR).! For cases with multiple
treatment assessments between cycles, the evaluation
closest to the subsequent cycle was used. Overall
survival (OS) was calculated from venetoclax initiation;
for response-stratified analyses, OS and treatment-
related mortality (TRM) were calculated from the date
of bone marrow response assessment after cycle 1 or 2.
TRM was defined as death unrelated to AML
progression during venetoclax combination therapy.’

Survival curves were estimated using the Kaplan-Meier
method, and the cumulative incidence of relapse and
TRM was assessed descriptively. Given the small
sample size, single-center design, and limited number of
events, the present analysis should be interpreted as
exploratory. In particular, early death before response
assessment introduces the potential for immortal-time
and selection bias, and measurable residual disease
(MRD) was not available.

Among 44 treated patients, 7 died during cycle 1, and
responses after cycle 1 were therefore evaluable in 37
patients. Of these, 14 (37.8%) achieved CR/CRi, 8
(21.6%) achieved MLFS, and 15 (40.6%) had RD. Six
additional patients died during cycle 2, and responses
after cycle 2 were evaluable in 31 patients: 13 (41.9%)
achieved CR/CRi, 10 (32.3%) achieved MLFS, and 8
(25.8%) had RD/MR. Baseline characteristics and early
outcomes are summarized in Table 1. Prior azacitidine
exposure was unevenly distributed across response
groups, and secondary AML was common among
patients with MLFS after cycle 2.

After cycle 1, the 180-day OS rates were 85.1% (95%
CI, 52.3-96.1) in the CR/CRi group, 85.7% (95% CI,
33.4-97.9) in the MLFS group, and 45.7% (95% CI,
20.1-68.3) in the RD group (p=0.02) (Figure 1A). After
cycle 2, the 180-day OS rates were 91.7% (95% CI,
53.9-98.8) in the CR/CRi group, 100% in the MLFS
group, and 31.2% (95% CI, 4.8-64.1) in the RD/MR
group (p < 0.001) (Figure 1B). These findings suggest
that patients who remained in RD/MR after cycle 2 had
poor short-term outcomes, whereas patients with MLFS
after cycle 2 had relatively favorable short-term survival
despite not achieving remission-equivalent disease
control. However, because patients who died before
response assessment were excluded from these
comparisons and because MRD information was
unavailable, these data should not be interpreted as
evidence that MLFS is equivalent to CR/CRIi.

TRM did not differ clearly across response groups.
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Tablel. Baseline characteristics of patients stratified by treatment response.

Characteristic Cyclel response assessment Cycle2 response assessment
CR/CRi, n (%) | MLFS, n (%) | RD,n (%) | P value | CR/CRi, n (%) | MLFS, n (%) | RD, n (%) | P value
n=14 (37.8) n=8 (21.6) n=15 (40.6) n=13 (41.9) n=10 (32.3) | n=8 (25.8)
Age, median
(range), yr 79 (54-85) 76 (62-89) 71 (54-85) 0.23 79 (54-85) 71 (62-81) 71 (54-85) 0.37
Sex, n (%) Male 9 (64.3) 6 (75) 8 (53.3) 0.58 7 (53.8) 8 (80.0) 4 (50.0) 0.33
Female 5(35.7) 2 (25) 7 (46.7) 6 (46.2) 2 (20.0) 4(50.0)
](3/1s)ease WP | be novo 9 (64.3) 4 (50.0) 4(73.3) 0.12 10 (76.9) 3 (30.0) 2 (25.0) 0.03
0
Secondary 5(35.7) 4 (50.0) 11 (26.7) 3(23.1) 7 (70.0) 6 (75.0)
Prior
Azacitidine 3(21.4) 2 (25.0) 10 (66.7) 0.03 1(7.7) 5(50.0) 5(62.5) 0.02
treatment, n (%)
ECOG
Performance 0-1 13 (92.9) 7 (87.5) 11 (73.3) 0.34 11 (84.6) 10 (100.0) 7 (87.5) 0.44
Status, n (%)
>2 1(7.1) 1(12.5) 4 (26.7) 2 (15.4) 0(0.0) 1(12.5)
Blast count at
AML diagnosis, | <30% 3(21.4) 2 (25.0) 6 (40.0) 0.35 3(23.1) 3(30.0) 2 (25.0) 0.22
n (%)
>30% to <50% 3(21.4) 3(37.5) 6 (40.0) 2 (15.4) 5(50.0) 4 (50.0)
>50% 8(57.2) 3(37.5) 3(20.0) 8(61.5) 2 (20.0) 2 (25.0)
AML with
Myelodysplasia-
related changes, 4 (28.6) 2 (25.0) 1(6.7) 0.29 10 (76.9) 8 (80.0) 7 (87.5) 0.84
n (%)
Cytogenetic
Risk
stratification, n Low-Int 12 (85.7) 7 (87.5) 11 (73.3) 0.01 12 (92.3) 8 (80.0) 2 (25.0) 0.003
(%)
Poor 2 (14.3) 1(12.5) 4 (26.7) 1(7.7) 2 (20.0) 6 (75.0)
Active Infection
at VEN start,n | 3(21.4) 0(0.0) 7 (46.7) 0.06 3(23.1) 1(10.0) 2 (25.0) 0.66
(%)
Combination g
Therapy Azacitidine 9 (64.3) 5(62.5) 12 (80.0) 0.56 8(61.5) 5(50.0) 7 (87.5) 0.25
LDAC 5(35.7) 3(37.5) 3(20.0) 5(38.5) 5(50.0) 1(12.5)

Abbreviations: AML, acute myeloid leukemia; ECOG, Eastern Cooperative Oncology Group; VEN, Venetoclax; LDAC, low dose cytarabine.

After cycle 1, the 180-day TRM rates were 22.9% (95%
CI, 4.9-48.5) in the CR/CRi group, 0% in the MLFS
group, and 20.0% (95% CI, 4.4-43.7) in the RD group
(p=0.39). After cycle 2, the corresponding rates were
9.1% (95% CI, 0.4-34.7), 10.0% (95% CI, 0.5-37.4), and
12.5% (95% CI, 0.2-48.6), respectively (p=0.79)
(Figure 1C-D). In contrast, relapse was more frequent
among patients with MLFS than among those with
CR/CRi. Among patients who achieved CR/CRi or
MLES after cycle 1, the 180-day relapse rates were
15.5% (95% CI, 2.2-40.2) and 70.0% (95% CI, 16.6-
93.2), respectively (p=0.04). Among those who
achieved CR/CRi or MLFS after cycle 2, the 180-day
relapse rates were 16.7% (95% CI, 2.3-42.6) and 55.0%
(95% CI, 17.1-81.7), respectively (p=0.03) (Figure 1E-
F). Thus, MLFS appeared to be associated with a
persistently high risk of relapse even when short-term
OS was preserved. Among the 8 patients who achieved
MLES after cycle 2 and subsequently relapsed, post-

relapse treatment was best supportive care in 7 patients
and venetoclax plus low-dose cytarabine in 1 patient; 4
patients survived for at least 120 days after relapse,
suggesting that relapse after MLFS was not uniformly
associated with immediate mortality.

The toxicity burden in the MLFS group was also
clinically relevant. Within 30 days of cycle 2 response
assessment, grade 3 or higher neutropenia, grade 4
neutropenia, grade 3 or higher anemia or
thrombocytopenia, and febrile neutropenia were more
common in the MLFS and RD/MR groups than in the
CR/CRi group (Table 2). Delays of >14 days in
initiating cycle 3 due to adverse events occurred in 0
(0%), 5 (50%), and 1 (13%) patients in the CR/CRi,
MLFS, and RD/MR groups, respectively. Venetoclax
dose reductions due to myelosuppression in cycle 3 were
required in 0 (0%), 8 (80%), and O (0%) patients,
respectively. These observations further suggest that
MLFS after cycle 2 represents a clinically burdensome
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Figure 1. Overall survival (OS), treatment-related mortality (TRM), and cumulative incidence of relapse according to response after cycles 1
and 2. OS by response after cycle 1: CR/CRi, MLFS, and RD groups (A). OS by response after cycle 2: CR/CRi, MLFS, and RD/MR groups
(B). TRM by response after cycle 1: CR/CRi, MLFS, and RD groups (C). TRM by response after cycle 2: CR/CRi, MLFS, and RD/MR groups
(D). Cumulative incidence of relapse among patients who achieved CR/CRi or MLEFS after cycle 1 (E) and after cycle 2 (F).

Abbreviations: CR, complete remission; CRi, complete remission with incomplete hematologic recovery; CR/CRi, complete
remission/complete remission with incomplete hematologic recovery; MLFS, morphologic leukemia-free state; RD, residual disease; MR,
morphologic relapse; RD/MR, residual disease/morphologic relapse; OS, overall survival, TRM, treatment-related mortality.
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Table 2. Adverse Events Within 30 Days of the Cycle 2 Response Assessment in Venetoclax Combination Therapy.

Response assessment post 2nd cycle
Adverse events CR/CRi, n (%) MLEFS,n (%) | RD/MR,n (%) | P value
Number of patients, n 13 10 8
Neutropenia >Grade3 6 (50) 9 (90) 8 (100) 0.02
Neutropenia Grade4 3(25) 7 (70) 8 (100) 0.001
Anemia >Grade3 1(8) 7 (70.0) 8 (100) <0.001
Thrombocytopenia
>Grade3 3 (25 7 (70) 7 (88) 0.009
Febrile Neutropenia 1(8) 5(50) 5(63) 0.01
Pneumonia 0(0) 0(0) 0(0) -
Sepsis 1(8) 0(0) 1(13) 0.72
Fungal infection 0(0) 0(0) 0(0) -

Abbreviations: CR/CRi, complete remission/complete remission with incomplete hematologic recovery; MLFS, morphologic leukemia-free
state; RD/MR, residual disease/morphologic relapse. Adverse events were classified based on the National Cancer Institute's Common

Terminology Criteria for Adverse Events (CTCAE) VersionS5.0.

intermediate response state, characterized by persistent
cytopenias and a substantial need for treatment
modification, consistent with the need for treatment
adjustments reported in longer-term follow-up of
venetoclax-based therapy.’

Among patients with MLFS or RD/MR after cycle 2,
subsequent CR/CRi was achieved in 4 of 10 (40.0%)
patients in the MLFS group and in 1 of 8 (12.5%)
patients in the RD/MR group. The median time from
cycle 2 response assessment to CR/CRi was 44 days
(range, 28-79) in the MLFS group and 60 days in the
single RD/MR case. All patients achieved their best
response within 4 cycles, and no CR/CRi achievement
was observed beyond cycle 5. Two patients who
achieved @ CR/CRi  proceeded to  allogeneic
hematopoietic stem cell transplantation after cycles 2
and 3, respectively. These data are consistent with prior
reports showing that early MLFS can function as a
transitional response state in a subset of patients treated
with venetoclax-based therapy.**

Discussion. The present study highlights the complex
and clinically heterogeneous nature of morphologic
leukemia-free state (MLFS) in patients with acute
myeloid leukemia (AML) treated with venetoclax-based
combination therapy. Although MLFS is formally
categorized as a response according to established
criteria, our findings suggest that it should not be
interpreted as equivalent to CR/CRIi or as a surrogate for
durable disease control. Rather, MLFS appears to
represent an intermediate clinical state characterized by
discordance between morphologic blast clearance and
incomplete hematopoietic recovery, with important
implications for both disease control and treatment
tolerance.’

A central observation of this study is the dissociation
between short-term overall survival and relapse risk in

patients achieving MLFS. While 180-day survival was
comparable to that observed in patients achieving
CR/CRi, relapse rates were substantially higher,
indicating that morphologic remission alone does not
adequately capture residual disease burden in this
setting. In the absence of measurable residual disease
(MRD) assessment, MLFS likely encompasses
biologically heterogeneous states, ranging from near-
complete disease eradication with delayed count
recovery to persistent subclinical leukemic clones
capable of rapid re-expansion. This heterogeneity is
consistent with emerging data demonstrating that depth
of response, rather than morphologic criteria alone, is an
important determinant of durable remission in
venetoclax-treated AML.>’

From a biological perspective, MLFS may reflect a
convergence of disease-related and treatment-related
factors. The high prevalence of secondary AML and
prior exposure to hypomethylating agents in the MLFS
group may reflect impaired marrow reserve or reduced
hematopoietic fitness, which could contribute to delayed
count recovery. Venetoclax-based therapy, while highly
effective at inducing blast clearance through BCL-2
inhibition, may also contribute to prolonged cytopenias
in vulnerable patients. In this context, MLFS may
represent not a distinct biological response category, but
a transitional phenotype arising from asynchronous
leukemic clearance and hematopoietic recovery.*
Because these interpretations were not directly tested in
the present study, they should be regarded as hypothesis-
generating.

Clinically, MLFS has significant implications.
Patients in MLFS experienced a high burden of grade >3
cytopenias, frequent treatment delays, and a substantial
need for dose modifications, underscoring that MLFS is
not a benign or stable disease state. At the same time, a
subset of patients subsequently converted to CR/CRi,
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suggesting that MLFS may, in some cases, be reversible
rather than a treatment failure. These observations
support a dynamic interpretation of MLFS, in which
longitudinal assessment—rather than a single time-point
evaluation—is essential for clinical decision-making.**
Importantly, our data suggests that persistent residual
disease or morphologic relapse (RD/MR) after cycle 2
identifies a population with clearly poor short-term
outcomes, whereas MLFS occupies an intermediate-risk
category. This distinction may have practical
implications for therapeutic strategy. While RD/MR
may warrant early escalation of treatment or a transition
to alternative approaches, the optimal management of
MLEFS remains undefined. Potential strategies include
continued therapy with careful dose adjustment, early
consideration of allogeneic hematopoietic stem cell
transplantation in eligible patients, or incorporation of
MRD-guided decision-making where available.”®
Several limitations must be acknowledged. The
retrospective, single-center design and small sample size
limit the generalizability of our findings. Most
importantly, early deaths prior to response assessment
introduce a substantial survivor-selection bias,
potentially inflating survival estimates in all response
groups. In addition, the absence of MRD assessment
precludes definitive conclusions regarding the
biological depth of response in MLFS. Finally, the high

proportion of patients with secondary AML and prior
therapy exposure may have influenced both response
kinetics and toxicity profiles, as observed in other real-
world venetoclax-treated cohorts.>*!°

Despite these limitations, this study provides
clinically relevant insights into an increasingly
encountered response category in the era of venetoclax-
based therapy. Our findings support the view that MLFS
should not be considered remission-equivalent disease
control, but rather a clinically meaningful intermediate
state that requires careful interpretation and
individualized management. Future prospective studies
incorporating MRD assessment and molecular profiling
will be essential for refining the prognostic and
therapeutic implications of MLFS and for guiding
response-adapted treatment strategies in AML."®

Data availability. The datasets generated during and/or
analyzed during the current study are available from the
corresponding author upon reasonable request.
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