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Myelodysplastic syndromes/myelodysplastic neoplasms
(MDS) are associated with variable clinical presentations
and outcomes. The initial response criteria developed by
the International Working Group (IWG) in 2000 have been
used in clinical practice, clinical trials, regulatory reviews,
and drug labels. Although the IWG criteria were revised in
2006 and 2018 (the latter focusing on lower-risk disease),
limitations persist in their application to higher-risk MDS
(HR-MDS) and their ability to fully capture the clinical ben-
efits of novel investigational drugs or serve as valid surro-
gates for longer-term clinical end points (eg, overall
survival). Further, issues related to the ambiguity and
practicality of some criteria lead to variability in interpre-
tation and interobserver inconsistency in reporting results
from the same sets of data. Thus, we convened an
international panel of 36 MDS experts and used an estab-
lished modified Delphi process to develop consensus rec-
ommendations for updated response criteria thatwould be
more reflective of patient-centered and clinically relevant
outcomes in HR-MDS. Among others, the IWG2023 criteria
include changes in the hemoglobin threshold for complete
remission (CR), the introduction of CR with limited count
recovery and CR with partial hematologic recovery as pro-
visional response criteria, theeliminationofmarrowCR, and
specific recommendations for the standardization of time-
to-event end points and the derivation and reporting of
responses. The updated criteria should lead to a better
correlationbetweenpatient-centeredoutcomesand clinical
trial results in an era of multiple emerging new agents with
novel mechanisms of action.
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Introduction
Myelodysplastic syndromes (MDS; renamed recently by the
World Health Organization [WHO] “myelodysplastic neo-
plasms”) include a biologically and clinically diverse group of
hematopoietic malignancies that affect mainly older adults.1-4

Given the wide heterogeneity in clinical outcomes, a person-
alized, patient-centered approach to treatment and evaluation
of treatment success is important.1-3 Patients are generally
grouped into 2 main risk categories (lower- and higher-risk)
using validated risk stratification tools, such as the Interna-
tional Prognostic Scoring System (IPSS), its revised version
IPSS-R, and most recently, the molecular IPSS (IPSS-M).5-12

Response assessments in patients with MDS have continued to
evolve over time (supplemental Table 1, available on the Blood
website). The initial 2000 MDS response criteria by the Inter-
national Working Group (IWG) have been used in clinical trials,
regulatory reviews, and drug labels.13-15 The revised IWG 2006
criteria subsequently became the standard for response
assessment.16-18 Another revision in 2018 focused on hemato-
logic improvement (HI) for lower-risk (LR)–MDS, but the modi-
fied 2006 criteria continue to be used in trials and by regulators
for the assessment of investigational agents for higher-risk
(HR)–MDS.16,19 Concerns grew in the community regarding
whether these criteria fully capture the clinical benefits of
investigational drugs (and in some cases, potentially over-
estimate therapeutic benefits), whether they serve as valid
surrogate measures for meaningful clinical end points, such as
overall survival (OS), and their limited interrater consistency.18

Thus, we convened an international panel of 36 MDS experts
and used a modified Delphi process to develop updated
consensus recommendations for response assessment that are
more reflective of clinically relevant outcomes in HR-MDS.
Augmented by case-based examples, this paper highlights
the limitations of the current IWG 2006 MDS response criteria
and presents the revised IWG 2023 MDS criteria, with a focus
on HR-MDS. Although the definition of HR-MDS is variable
across clinical trials and routine clinical practice settings, an
IPSS-R score of >3.5 is frequently used as a threshold to
distinguish LR-MDS and HR-MDS based on differences in OS
reported among 7212 primary untreated patients with MDS
who were included in the “IWG for prognosis in the MDS”
database.20 However, we acknowledge that the standard defi-
nition of HR-MDS is evolving with the wider use of molecular
testing results and the incorporation of risk stratification tools
such as the IPSS-M in clinical practice.10 Table 1 illustrates our
proposal for how to define HR-MDS in the context of the IWG
2023 MDS response criteria. On a protocol-by-protocol basis,
the IPSS-M risk categories of moderate-high, high, and very
high can potentially define HR-MDS pending additional pro-
spective validation.10 We refer the reader to the earlier publi-
cation for response criteria in LR-MDS.19
Table 1. Definition of HR-MDS based on currently used prog

Prognostic model Threshold to

IPSS-R >3.

IPSS-M >0 (ie, any positive score; risk categor
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Methods
An international panel of physicians participating in research and
clinical care of patients with MDS was convened. This group
comprised 36 experts from 14 countries across 5 continents that
were invited by the core group based on their experience and
contributions to the field. The core group conducted multiple
virtual meetings in 2022 to develop revised criteria based on a
coordinated and iterative panel review process. For each
update, proposed recommendations were assessed for
comment and consensus by the full panel using a modified
Delphi process that involved 2 rounds of voting via an online
survey following a previously established methodology.21 To
develop the initial draft recommendations, a systematic litera-
ture review was performed to identify the association between
the IWG 2000 and IWG 2006 response criteria with OS
(supplemental Methods). Recommendation levels were classi-
fied based on the degree of agreement of the expert panel as
either consensus (75% to 100% consensus) or majority agree-
ment (50% to 74%). None of the final proposals received <75%
consensus. Tables 2 and 3 provide an overview of the recom-
mendations agreed to by the panelists and how they compare to
the IWG 2006 criteria.16 Clinical case vignettes are included to
highlight the limitations of the current IWG 2006 criteria and
how the new IWG 2023 criteria improve upon them (Table 4).

When developing these consensus recommendations, certain
guiding principles were fundamental: (1) development of data-
driven recommendations to the strongest extent possible; (2)
applicability to a broad, global patient and provider population
with differences in resources (eg, limited availability of molec-
ular testing results); (3) emphasis on well-validated outcomes
such as complete remission (CR) while enabling the dedicated
study of provisional outcomes, such as near-CR end points and
molecular end points (eg, molecular clearance and measurable
residual disease [MRD]); (4) practicality and inter- and intra-
observer consistency of application of criteria; and (5) applica-
bility to evolving classification and prognostication systems,
especially with increasing recognition of a continuous myeloid
malignancy spectrum that is driven by biology rather than
arbitrary blast thresholds; consequently, having criteria that
could enable reconciliation and harmonization of MDS and
acute myeloid leukemia (AML) response criteria wherever
possible.
Proposed IWG 2023 response criteria
for HR-MDS
Response definition
Our approach to response assessment per the proposed IWG
2023 criteria is outlined in Figures 1 and 2 and supplemental
Table 3, as well as illustrative cases provided in Table 4.
nostic models

define HR-MDS References

5 points 6,20

ies of moderate-high, high, and very high) 10
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Table 2. IWG 2023 response criteria for HR-MDS

Response IWG 2006 IWG 2023

CR • BM: ≤5% myeloblasts; dysplasia may persist
• PB: Hb ≥11 g/dL, platelets ≥100 × 109/L; neutrophils

≥1.0 × 109/L; blasts 0%

• BM: <5% myeloblasts;* dysplasia may persist
• PB: Hb ≥10 g/dL, platelets ≥100 × 109/L; neutrophils ≥1.0 ×

109/L; blasts 0%†

CR equivalent* Not included Patients with <5% BM blasts at baseline
• BM: <5% myeloblasts*; dysplasia may persist
• PB: Hb ≥10 g/dL, platelets ≥100 × 109/L; neutrophils ≥1.0 ×

109/L; blasts 0%†

• Full cytogenetic clearance of baseline abnormalities
(complete cytogenetic response)

mCR • BM: ≤5% blasts and decrease by ≥50% over pretreatment
• No PB responses required

Eliminated as a response criterion‡

PR All CR criteria except:
• BM blasts decreased by ≥50% over pretreatment but still >5%
• Cellularity and morphology not relevant

All CR criteria except:
• BM blasts decreased by ≥50% over pretreatment but still ≥5%
• Cellularity and morphology not relevant

SD Failure to achieve at least PR, but no evidence of progression
for >8 wk

Eliminated as a response criterion‡

CRL§ (CRuni
and CRbi)

Not included • BM: <5% myeloblasts;* dysplasia may persist
• PB: blasts 0%†

• CRuni: PB, not meeting CR but only 1 of the following: Hb ≥10
g/dL; platelets ≥100 × 109/L; neutrophils ≥1.0 × 109/L

• CRbi: PB, not meeting CR but only 2 of the following: Hb ≥10
g/dL; platelets ≥100 × 109/L; neutrophils ≥1.0 × 109/L

CRh§ Not included • BM: <5% myeloblasts;* dysplasia may persist
• PB:Notmeeting criteria for CRorCRL, noHb threshold required,

platelets ≥50 × 109/L; neutrophils ≥0.5 × 109/L; blasts 0%†

HI HI (responses >8 wk):
• Erythroid response (pretreatment, <11 g/dL):Hb increase

by ≥1.5 g/dL and 50% reduction of RBC transfusions.
• Platelet response (pretreatment, <100 × 109/L):absolute

increase of ≥30 × 109/L for patients starting with >20 ×
109/L platelets or increase from <20 × 109/L to >20 × 109/L
and by at least 100%.

• Neutrophil response (pretreatment, <1.0 × 109/L): at least
100% increase and an absolute increase >0.5 × 109/L.

HI defined according to IWG 2018 response criteria:‖
• Not meeting criteria for CR (or CR equivalent) or CRuni or CRL
• HIerythroid (HI-E)
• HIplatelets (HI-P)
• HIneutrophils (HI-N)

ORR Not defined ORR = CR (or CR equivalent)* + PR + CRL + CRh + HI

No response Not defined Not meeting criteria for CR (or CR equivalent)*, PR, CRL, CRh, or HI‡

CRbi, CR bilineage; CRuni, CR unilineage; CRL, CR with limited count recovery; CRh, CR with partial hematologic recovery; wk, weeks.

*Patients require ≥5% blasts before treatment initiation to be considered evaluable for CR, PR, CRh, or CRL. For time window of response assessment by PB counts, refer to Table 5. For
patients with <5% blasts who have HR-MDS owing to adverse cytogenetics and/or severe cytopenias, full cytogenetic clearance (complete cytogenetic response) and blood counts that
meet CR criteria are considered CR equivalent but should be reported separately. Full trilineage count recovery is defined as Hb ≥10 g/dL, platelets ≥100 × 109/L, and ANC ≥1.0 × 109/L
independent of baseline PB. Given that molecular clearance has not been validated prospectively, it was not used for CR definition.

†For discrepancy between BM and PB blast percentage, refer to Table 5.

‡A few panelists felt that mCR could still have a value, especially in bridging patients to allo-HSCT, and should therefore, still be reported. If mCR is reported, it should not be included in the
ORR. Prolonged SD (≥16 weeks) might have limited benefit in patients with HR-MDS who are not candidates for allo-HSCT. However, SD is a function of time of stability, and in single-arm
studies without a control arm, it is challenging to assess whether SD reflects more indolent MDS biology in some patients vs the impact of therapy. Furthermore, disease stability is included
as part of the PFS definition. Therefore, SD should not be included in the ORR.

§CRL and CRh are provisional entities that require additional prospective validation. Both CRL and CRh are included to allow prospective validation of their value in MDS. Similar to CR and
PR, both are defined by blood counts at or around the time of response assessment and independently of the baseline blood counts. To be eligible for CRL, patients need to have achieved
PB count levels at or around the time of assessment in 1 or 2 lineages, but not in all 3 lineages, that are at or above the CR threshold for the specific lineage(s). In patients with MDS/AML or
MDS with increased blasts as defined by the 2022 International Consensus Classification and the 5th edition of WHO classification, respectively, reporting CRh defined as <5% blasts in the
BM, 0% PB blasts, and partial recovery of PB counts (platelets ≥50 × 109/L and ANC ≥0.5 × 109/L) can be considered to achieve consistency with ELN 2022 AML response criteria. Similar to
CRL, CRh is considered a provisional response category in MDS and requires additional prospective validation. If patients meet criteria for both CRL and CRh, they should be reported as
having achieved CRL for the ORR as it represents a higher threshold for hematologic improvement.

‖For screening period and time window for assessment of transfusion dependency/independence, refer to Table 5.

¶If cytogenetic analyses fail, repeating cytogenetics during a subsequent response assessment is recommended. MRD assessment in MDS is insufficiently validated at this time as a
surrogate for OS. MRD-negative response can be reported as a provisional response category, and clinical trial protocols should predefine what techniques are used to detect MRD and
what cutoffs are considered to define an MRD response.

#BM biopsy to assess for disease progression is recommended. In patients with disease progression/relapse defined by the need for transfusion support, the date of the first unit of RBC and
platelet transfusion will be the date of disease progression.

**Clonal progression (defined as the acquisition of new cytogenetic or molecular abnormalities) can be reported as a provisional progression criterion. This does not necessarily constitute
clinical progression unless otherwise specified by the protocol.

††For patients with <5% BM blasts from pretreatment sample before current line of therapy, the definition of PD might be applied to patients with ≥50% relative BM blast count increase
who do not have an absolute increase of ≥5% blasts in the right clinical context (eg, worsening disease-related cytopenias). Similarly, for patients with an absolute BM blast increase to ≥20%
but who have <50% relative BM blast count increase from pretreatment before current line of therapy, this could denote progression in the right clinical context where additional therapeutic
options may be available with a new diagnosis of AML.

‡‡The panel recognizes that improvements in PROs (including health-related quality of life or symptoms) can be a meaningful, patient-centered goal of treatment. However, there is not yet
sufficient evidence in HR-MDS to support specific recommendations at this point. In any case, rigorous assessment of PROs in clinical trials is recommended.
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Table 2 (continued)

Response IWG 2006 IWG 2023

Not evaluable Not included All registered/randomly assigned patients should be reported in
the denominator of response assessment analyses in line with
the intention-to-treat principle. This category may include
patients yet to have a response assessment, suffering early
death, exiting the study early, or those with a technically
suboptimal BM sample precluding assessment.

Cytogenetic
response¶

• Complete: disappearance of the chromosomal abnormality
without appearance of new ones.

• Partial: ≥50% reduction of the chromosomal abnormality.

• Complete: disappearance of the chromosomal abnormality
without appearance of new ones.

• Partial: ≥50% reduction of the chromosomal abnormality.

PD For patients with:
• <5% blasts: ≥50% increase in blasts to >5% blasts
• 5%-10% blasts: ≥50% increase to >10% blasts
• 10%-20% blasts: ≥50% increase to >20% blasts
• 20%-30% blasts: ≥50% increase to >30% blasts
Any of the following:
• At least 50% decrement from maximum remission/

response in granulocytes or platelets
• Reduction in Hb by ≥2 g/dL
• Transfusion dependence

Fulfilling any of the criteria below:#,**,††
• Disease progression by blasts: ≥50% relative increase in blasts

and absolute increase of blast percentage by at least 5% from
pretreatment sample taken before current line of therapy.

• Disease progression by worsening cytopenia: new, repeated
(more than once and separated by ≥7 days) need for RBC or
platelet transfusions within 8 weeks, not related to acute
intercurrent illness (eg, sepsis, gastrointestinal tract bleed) or
treatment effect, in the absence of HI of at least one other
blood lineage as defined above.

• Progression to AML: ≥50% increase in blasts from baseline
assessment to ≥20% blasts.

Disease
relapse

Any of the following:
• Return to pretreatment BM blast percentage.
• Decrement of 50% from maximum remission/response

levels in granulocytes or platelets.
• Reduction in Hb concentration by 1.5 g/dL or transfusion

dependence.

Fulfilling any of the criteria below:#
• Disease relapse by blasts: absolute and relative increase in

BM blasts by at least 5% and ≥50%, respectively, from prior
assessment, or reappearance of blasts in the blood, or
development of extramedullary disease (myeloid sarcoma).

• Disease relapse by worsening cytopenias: decrement in one
or more blood cell lineage counts by ≥50% from maximum
remission/response levels for platelets or absolute neutrophil
count or a reduction of Hb by 1.5 g/dL combined with an
absolute reduction in the same lineage(s) as follows: Hb <10
g/dL, platelets <100 × 109/L, or absolute neutrophils <1.0 ×
109/L or repeated (more than once and separated by ≥7 days)
need for RBC or platelet transfusions which are not related to
acute intercurrent illness (eg, sepsis, gastrointestinal tract
bleed) or treatment effect; in the absence of HI of at least one
other blood lineage as defined above.

Patient
reported
outcomes
(PROs)

Not included Reporting by means of a validated assessment tool is
encouraged‡‡

CRbi, CR bilineage; CRuni, CR unilineage; CRL, CR with limited count recovery; CRh, CR with partial hematologic recovery; wk, weeks.

*Patients require ≥5% blasts before treatment initiation to be considered evaluable for CR, PR, CRh, or CRL. For time window of response assessment by PB counts, refer to Table 5. For
patients with <5% blasts who have HR-MDS owing to adverse cytogenetics and/or severe cytopenias, full cytogenetic clearance (complete cytogenetic response) and blood counts that
meet CR criteria are considered CR equivalent but should be reported separately. Full trilineage count recovery is defined as Hb ≥10 g/dL, platelets ≥100 × 109/L, and ANC ≥1.0 × 109/L
independent of baseline PB. Given that molecular clearance has not been validated prospectively, it was not used for CR definition.

†For discrepancy between BM and PB blast percentage, refer to Table 5.

‡A few panelists felt that mCR could still have a value, especially in bridging patients to allo-HSCT, and should therefore, still be reported. If mCR is reported, it should not be included in the
ORR. Prolonged SD (≥16 weeks) might have limited benefit in patients with HR-MDS who are not candidates for allo-HSCT. However, SD is a function of time of stability, and in single-arm
studies without a control arm, it is challenging to assess whether SD reflects more indolent MDS biology in some patients vs the impact of therapy. Furthermore, disease stability is included
as part of the PFS definition. Therefore, SD should not be included in the ORR.

§CRL and CRh are provisional entities that require additional prospective validation. Both CRL and CRh are included to allow prospective validation of their value in MDS. Similar to CR and
PR, both are defined by blood counts at or around the time of response assessment and independently of the baseline blood counts. To be eligible for CRL, patients need to have achieved
PB count levels at or around the time of assessment in 1 or 2 lineages, but not in all 3 lineages, that are at or above the CR threshold for the specific lineage(s). In patients with MDS/AML or
MDS with increased blasts as defined by the 2022 International Consensus Classification and the 5th edition of WHO classification, respectively, reporting CRh defined as <5% blasts in the
BM, 0% PB blasts, and partial recovery of PB counts (platelets ≥50 × 109/L and ANC ≥0.5 × 109/L) can be considered to achieve consistency with ELN 2022 AML response criteria. Similar to
CRL, CRh is considered a provisional response category in MDS and requires additional prospective validation. If patients meet criteria for both CRL and CRh, they should be reported as
having achieved CRL for the ORR as it represents a higher threshold for hematologic improvement.

‖For screening period and time window for assessment of transfusion dependency/independence, refer to Table 5.

¶If cytogenetic analyses fail, repeating cytogenetics during a subsequent response assessment is recommended. MRD assessment in MDS is insufficiently validated at this time as a
surrogate for OS. MRD-negative response can be reported as a provisional response category, and clinical trial protocols should predefine what techniques are used to detect MRD and
what cutoffs are considered to define an MRD response.

#BM biopsy to assess for disease progression is recommended. In patients with disease progression/relapse defined by the need for transfusion support, the date of the first unit of RBC and
platelet transfusion will be the date of disease progression.

**Clonal progression (defined as the acquisition of new cytogenetic or molecular abnormalities) can be reported as a provisional progression criterion. This does not necessarily constitute
clinical progression unless otherwise specified by the protocol.

††For patients with <5% BM blasts from pretreatment sample before current line of therapy, the definition of PD might be applied to patients with ≥50% relative BM blast count increase
who do not have an absolute increase of ≥5% blasts in the right clinical context (eg, worsening disease-related cytopenias). Similarly, for patients with an absolute BM blast increase to ≥20%
but who have <50% relative BM blast count increase from pretreatment before current line of therapy, this could denote progression in the right clinical context where additional therapeutic
options may be available with a new diagnosis of AML.

‡‡The panel recognizes that improvements in PROs (including health-related quality of life or symptoms) can be a meaningful, patient-centered goal of treatment. However, there is not yet
sufficient evidence in HR-MDS to support specific recommendations at this point. In any case, rigorous assessment of PROs in clinical trials is recommended.
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Table 3. IWG 2023 time-to-event end points for HR-MDS

Time-to-event–
based outcome IWG 2006 IWG 2023

OS Death from any cause Defined for all participants of a trial.
Measured from the date of study registration (for nonrandomized studies) or

randomization (for randomized studies) to the date of death from any cause.
Patients not known to have died are censored on the last date they were last known to be

alive.

EFS Treatment failure or death
from any cause

Defined for all participants of a trial.
Measured from the date of study registration (or randomization) to the date of the first of

the following events:
• PD as defined in Table 2.
• Failure to achieve CR (or CR equivalent), PR, CRL CRh, or HI within 6 mo of study entry.
• Relapse from CR (or CR equivalent), PR, CRL CRh, or HI.
• Death from any cause.
Patients not known to have any of these events are censored on the last date they were

known not to have any of these events.

PFS Disease progression or
death from any cause

Defined for all participants of a trial.
Measured from the date of study entry (or randomization) to the date of the first of the

following events:
• PD as defined in Table 2.
• Relapse from CR (or CR equivalent), PR, CRLCRh, or HI.
• Death from any cause.
Patients not known to have any of these events are censored on the last date they were

known not to have any of these events.

Disease-free survival Time to relapse Eliminated
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CR The IWG 2006 criteria define CR as a reduction in bone
marrow (BM) blast percentage to ≤5% and improvement in
peripheral blood (PB) counts with hemoglobin (Hb) ≥11 g/dL,
platelets ≥100 × 109/L, and an absolute neutrophil count (ANC)
≥1.0 × 109/L independent of baseline values.16 Although these
PB count requirements are arbitrary and not linked to
improvements in patient-centered outcomes, analyses of
pooled data from multiple trials and our systematic review have
associated achieving CR as the best response to hypo-
methylating agent (HMA) therapy with prolonged OS compared
with “less-than-CR” responders (supplemental Figure 2A).22

The European LeukemiaNet (ELN) 2017 and 2022 response
criteria for AML use a BM blast count <5% as the threshold for
CR and do not include a Hb cutoff.23,24 As patients with
HR-MDS are increasingly being treated on AML clinical trials
and patients with oligoblastic AML (defined as 20% to 30% BM
blasts) on MDS trials,25 the panel highlights the importance of
trying to harmonize response criteria while emphasizing the
need for an individualized approach to patients with MDS. The
potential implications of discrepant response criteria were
recently demonstrated by Peterlin et al, who reported the
results of a trial of CPX-351 for the treatment of MDS.26

Applying ELN 2017 AML and IWG 2006 MDS response
criteria led to substantial differences in response rates, which
were primarily driven by the influence of Hb on achieving a
CR.26 With growing evidence that some patients with MDS
with blasts >10% have a prognosis similar to oligoblastic AML,
leading to the proposal of an MDS/AML overlap disease
category in the International Consensus Classification, this is
expected to become an increasingly relevant issue.27,28

To define CR in MDS, the panel proposed the adoption of a BM
blast threshold of <5% (rather than ≤5%), which is in line with
IWG 2023 RESPONSE CRITERIA FOR HIGHER-RISK MDS
IPSS-R and the 5th WHO MDS classification, which use <5% for
risk stratification and the definition of MDS with low blasts,
respectively.4,6 This also harmonizes the IWG 2023 MDS
response criteria with the recently updated ELN 2022 AML
response criteria in this respect.23

As highlighted in the IWG 2018 response criteria for LR-MDS, a
Hb cutoff of ≥11 g/dL maintained over 8 weeks as a prerequisite
for CR has not been demonstrated to be associated with
improved survival.19 The ELN 2017 and 2022 definitions of CR
in AML do not specify any Hb threshold.23,24 As the IPSS-R
identified Hb <10 g/dL as an adverse prognostic factor, we
propose to lower the Hb threshold for CR to ≥10 g/dL, which is
highly likely to be associated with red blood cell (RBC) trans-
fusion independence (TI) in previously transfusion-dependent
patients.6 There was a debate in the panel regarding different
Hb thresholds (including not requiring any Hb threshold) to
define CR. However, a Hb threshold of ≥10 g/dL was chosen
to reflect clinically meaningful erythroid recovery that is unlikely
to be associated with ongoing RBC transfusion requirements, is
attainable for patients with MDS receiving continuous myelo-
suppressive therapy, and also recognizes the poor prognosis of
transfusion-dependent MDS.7,29-31

Recommendation The panel proposes to change the cutoff for
CR to BM blasts <5% and the Hb cutoff to ≥10 g/dL; the latter
threshold is highly likely to be associated with RBC-TI in pre-
viously RBC transfusion-dependent patients. The thresholds
for platelets ≥100 × 109/L and ANC ≥1.0 × 109/L remain
unchanged. Of note, the aforementioned PB thresholds for CR
apply independent of baseline cell counts. Only patients with
≥5% BM blasts before treatment initiation are eligible for CR
assessment. However, among patients with HR-MDS with <5%
blasts because of adverse cytogenetics and/or severe
27 APRIL 2023 | VOLUME 141, NUMBER 17 2051



Table 4. Illustrative case vignettes highlighting key concepts of IWG 2023 MDS response criteria

Key concept Case vignette

Case 1: lowering of Hb
threshold for CR
definition

A patient with HR-MDS and a baseline of 8% BM blasts, Hb 8.5 g/dL, platelets 30 × 109/L, and ANC 0.4 × 109/L is being
treated with azacitidine. After cycle 2 of treatment, BM blasts are 3%, Hb 10.2 g/dL, platelets 110 × 109/L, and an ANC
of 1.9 × 109/L. At time of response assessment, the patient has no PB blasts and has not received any transfusions or
growth factors for 4 wk. Per the IWG 2023 MDS criteria, the response would be classified as CR.

Case 2: “less-than-CR”
response

A patient with 9% BM blasts at baseline, Hb 7.5 g/dL, platelets 105 × 109/L requiring intermittent transfusions, and ANC
0.3 × 109/L is being treated with azacitidine. After cycle 4 of treatment, BM blasts are 2%, Hb 10.4 g/dL, platelets 120 ×
109/L, and an ANC of 0.5 × 109/L. The patient has not received any transfusions or growth factors for 3 wk. Per IWG
2023 MDS criteria, this would be classified as CRL, specifically CRbi. Of note, baseline PB cell counts do not affect
assessment of CR, CRL, CRh, or PR but are relevant to the definition of HI per the IWG 2018 MDS criteria.

Case 3: distinction of
CRL vs CRh

Patient A had a baseline Hb 8.0 g/dL, platelets 25 × 109/L, an ANC of 0.2 × 109/L, and BM blast count of 7%. At response
assessment, Hb level was 10.2 g/dL, platelet count was 30 × 109/L, and ANC was 0.3 × 109/L, with BM blast percentage
of 3%. Patient B has a baseline Hb of 9.0 g/dL, platelet count of 25 × 109/L, an ANC of 0.4 × 109/L, and BM blast
percentage of 10%. At response assessment, Hb is 9.2 g/dL, platelets and ANC have improved to 55 × 109/L and 0.8 ×
109/L, respectively, with BM blast percentage of 3%. Both patients have no PB blasts and have not received any
transfusions or growth factors for 2 wk before response assessment. Per IWG 2023 MDS criteria, patient A would be
classified as CRL, specifically CRuni (erythroid lineage) and patient B as CRh.

Case 4: ORR A patient is treated with azacitidine and an investigational agent on clinical trial. From a baseline of 7% BM blasts, Hb 8.0 g/dL,
platelets 28×109/L, andanANCof0.4×109/L, his best response after 2 cycles of treatment shows3%BMblasts,Hb7.5g/dL,
platelets 20 × 109/L, and an ANC of 0.2 × 109/L, with no PB blasts. Per IWG 2006 criteria, the patient would be scored as a
mCR. Per the clinical trial protocol, the primary end point is a composite ofCR+mCR+PRand therefore this patient would be
included as a responder. Per IWG2023MDS criteria, ORR should be defined as a composite of CR (or CR equivalent) +
PR + CRL + CRh + HI and therefore the response of this patient would not be included in the ORR.

Case 5: molecular and
cytogenetic
response

Apatient had abaseline BMblast count of 8%,Hb7.2 g/dL, platelets 32× 109/L, andANC0.2 × 109/L. Thepatient has deletion
20q and an IDH1mutation at a VAFof 40%by a centralNGSpanel. The patient is enrolledon a clinical trial and achieves aCR
according to IWG 2023 MDS criteria after 3 cycles of investigational treatment. Additional data from the time of response
show a normal karyotype with disappearance of the IDH1mutation using the same panel. Per IWG 2023MDS criteria, the
patient would additionally be classified as achieving the provisional MRD-negative response.

Case 6: disease
progression and CR
equivalent

A patient with HR-MDS has baseline 4% BM blasts, Hb 6.5 g/dL, platelets 20 × 109/L, and ANC 0.3 × 109/L. The patient
also had monosomy 7 in 14/20 cells and a TP53 mutation with a VAF of 35% by NGS. The patient is treated on a clinical
trial using azacitidine in combination with an investigational agent. After cycle 2 of treatment, BM blasts are 7%, the
patient remains profoundly cytopenic and monosomy 7 is seen in 10/20 cells. After cycle 3, Hb is 11.2, platelets 105 ×
109/L, and ANC 1.1 × 109/L. At the time of response assessment, the patient has no PB blasts and has not received any
transfusions or growth factors for 3 wk before the response assessment. BM assessment after cycle 3 shows 2% BM
blasts, with no evidence of monosomy 7 by karyotype or fluorescence in situ hybridization. However, the TP53 mutation
persists at a VAF of 25% by NGS. Per IWG 2006 criteria, the patient would have met criteria for PD based on increase in
blasts by 50% or more for a patient with <5% baseline BM blasts (from 4% to 7%) and would have been taken off trial.
After cycle 3, based on blasts below 5% in marrow and complete blood count within CR range, patient would be
recorded as CR. Per IWG 2023 MDS criteria, the response would not be classified as PD after cycle 2 solely based
on transient increases in BM blasts of <5% and having no other clear evidence of disease progression. After 3
cycles, the response would be reported as CR equivalent as the patient had trilineage count recovery with full
disappearance of the cytogenetic abnormity. As the baseline BM blast count was <5%, the patient is not
evaluable for CR.

Case 7: disease
relapse

A patient with HR-MDS is treated with azacitidine monotherapy and achieves a CR after cycle 4. He continues on
azacitidine for another 3 cycles when he is noted to have a decrease in his Hb from 11.2 g/dL at best response to 9.5 ×
109/L in the setting of an upper gastrointestinal tract bleed. After endoscopy, his Hb improves back to 11.5 g/dL. Per the
IWG 2006 MDS criteria, such a transient decline in Hb would be classified as disease relapse. Per IWG 2023 MDS
criteria, this would not be classified as disease relapse because of the transient nature of worsening anemia in the
setting of a concurrent illness.

Case 8: time-to-event
outcomes

A patient with HR-MDS with severe pancytopenia and 9% BM blasts is enrolled in a single-arm, phase 2 clinical trial, which
investigates a novel combination of a HMA + an investigational agent. The trial uses EFS as the primary end point. After
3 mo of therapy, the patient continues to be deeply pancytopenic and a BM assessment shows 6% blasts. The
investigator is deciding whether this situation constitutes failure of therapy as it is not addressed in the clinical trial
protocol. EFS per the IWG 2006 criteria is defined as “failure or death from any cause” without providing an explicit
definition of “failure”.16 Per IWG 2023 MDS criteria, an event would be defined as (1) PD; (2) failure to achieve CR
(or CR equivalent), PR, CRL, CRh, or HI within 6 mo of study entry; (3) Relapse from CR (or CR equivalent), PR,
CRL, CRh + HI; or (4) death from any cause. Per IWG 2023 criteria, this patient did not experience a “failure”
event and is still within the 6-mo window during which HMA-based therapy can still lead to an objective
response, and therefore, can continue on-trial therapy unless protocol explicitly recommends otherwise.

Case 9: SD A patient with a baseline of 6% BM blasts, Hb 9.0 g/dL, platelets 55 × 109/L, and ANC 1.3 × 109/L notes subjective
improvement in his quality of life with treatment despite no change in peripheral blood counts or BM blast counts. By
IWG 2006 criteria, the patient is classified as SD. Per IWG 2023 MDS criteria, SD is not recognized as a formal
response, and if SD is noted, it should not be included in the ORR.

VAF, variant allele frequency.
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*Response assessment allows for 2 weeks before or after
date of bone marrow assessment to allow regeneration of
blood counts and clearance of peripheral blood blasts
without need for a repeat BM biopsy

Response assessment if
baseline BM blasts ≥5%

Bone marrow blasts <5% AND
Peripheral blood blasts 0%*

Bone marrow blasts ≥5% OR
peripheral blood blasts >0%

† New red blood cell or platelet transfusion
requirement also constitutes PD

no Hgb threshold
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platelets ≥ 50 x
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CRh:

Hgb ≥10 g/dL
ANC ≥1.0 x109/L
Platelets ≥100 x109/L

Hematologic parameters for CR met?
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ANC ≥1.0 x109/L
Platelets ≥100 x109/L
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Hematologic parameters for CR met?

No

No
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3 lines 2 lines 1 line
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PD†
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ORR = CR + CR equivalent +
CRL + CRh + PR + HI

CRbi CRuni

None      assess
for CRh

1.) Erythroid response (HI-E; pretreatment, < 10 g/dL)
2.) Platelet response (HI-P; pretreatment, < 100 x 109/L)
3.) Neutrophil response (HI-N; pretreatment, < 1.0  x 109/L)

Evaluate for hematologic improvement (HI; responses
 >16 weeks) per IWG 2018 MDS criteria:

≥50% reduction in bone marrow blast %?

≥50% increase in BM blasts % + absolute increase
of blasts % by ≥5% OR progression to AML?

HI

Figure 1. Response assessment flowchart for patients with ≥5% BM blasts at baseline. A flowchart for response assessment per the IWG 2023 response criteria is
depicted. Responses shown in green (CR, CR equivalent, CRuni, CRbi, CRh, PR, and HI) are considered an objective response, whereas PD (shown in red) is considered
treatment failure. CRL is a composite of CRuni and CRbi, depending on the number of lineages with cell counts at or above the threshold for CR. Of note, patients require ≥5%
blasts before treatment initiation to be considered evaluable for CR, PR, CRh, or CRL but response is independent of baseline PB counts. Among patients with <5% blasts at
baseline, patients who achieve hematologic recovery consistent with thresholds for CR (ie, Hb ≥ 10 g/dL, platelets ≥ 100 × 109/L, and ANC ≥ 1.0 × 109/L) as well as complete
clearance of all baseline cytogenetic abnormalities should be reported as a CR equivalent and included in the ORR (see Figure 2 for details). For patients with MDS-IB2 and/or
AML/MDS overlap, reporting of CRh can be considered to enhance consistency with AML trials. Both CRL and CRh are considered provisional response criteria requiring
additional prospective validation (shown in light green).
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cytopenias, a complete cytogenetic response and full trilineage
hematologic recovery (Hb ≥10 g/dL, platelets ≥100 × 109/L,
and ANC ≥1.0 × 109/L) can be considered a CR equivalent but
should be reported separately. Figure 2 provides a workflow for
response assessment in patients with HR-MDS and <5% BM
blasts at baseline. As molecular clearance has not been vali-
dated prospectively, it was not used to define CR. To qualify for
a CR, patients must not have received platelet or RBC trans-
fusions, erythropoiesis-stimulating agents, thrombopoietin
mimetics, or granulocyte colony-stimulating factors in the pre-
ceding 2 weeks.

“Less-than-CR” responses Although CR has been linked to
improved survival, it may lead to an underestimation of the
clinical benefit of a treatment if used in isolation.22,32,33

Treatment-associated improvements in neutrophil (>0.5 × 109/L)
and platelet count (>50× 109/L) are associatedwith a reduced risk
of infectious and hemorrhagic complications, respectively.34-36

In contrast, the clinical benefit of a platelet count increase from,
for example, 80 × 109/L to 120 × 109/L and an increase in ANC
from 0.8 × 109/L to 1.3 × 109/L is unlikely to confer a substantial
clinical improvement to the patient, but would still be classified as
a CR per IWG 2006 criteria.16 Although CR has been shown to be
associated with prolonged OS, this has not been the case for
patientswho achieve a reduction inBMblast count to≤5%without
HI.32 In the IWG 2006 criteria, a reduction in BM blasts to ≤5%
associated with a proportional blast decrease of ≥50% from
IWG 2023 RESPONSE CRITERIA FOR HIGHER-RISK MDS
baseline is classified as a marrow CR (mCR), without requirement
for any recovery in PB counts.16

Despite the limited clinical utility of mCR without HI, several
contemporary clinical trials in MDS continue to use a composite
of CR and mCR to report therapeutic efficacy.37,38 As such,
there is concern that this can lead to an inflation of response
rates that do not translate into OS benefits. For example, the
phase 3 trial comparing rigosertib to best supportive care in
patients with HR-MDS after HMA failure showed an overall
response rate (ORR; defined as CR, mCR, partial remission [PR],
and marrow PR) of 27% with rigosertib vs 17% with best sup-
portive care but no difference in OS.39 Notably, none of the
patients in either arm achieved a CR or PR.39 Inflated ORR by
mCR in early-phase clinical trials may raise unattainable
expectations, resulting in resource-intensive but ultimately
negative phase 3 trials and delays in transformative therapies.
The relevance of blast reduction in patients with MDS pro-
ceeding to allogeneic hematopoietic stem cell transplantation
(allo-HSCT) continues to evolve, and whether mCR without HI
before allo-HSCT is a prognostically relevant end point requires
additional studies.40-42

HI has been shown to be associated with an improvement in OS
in several studies.22,30,43 However, the use of HI is complicated
by variability regarding the duration of HI, baseline transfusion
patterns, and frequency of response assessments, resulting in
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1.) Erythroid response (HI-E; pretreatment, < 10 g/dL)
2.) Platelet response (HI-P; pretreatment, < 100 x 109/L)
3.) Neutrophil response (HI-N; pretreatment, < 1.0  x 109/L)

Evaluate for hematologic improvement (HI; responses
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Figure 2. Response assessment flowchart for patients with <5% BM blasts at baseline (ie, prior to the current line of therapy). A response assessment flowchart for
patients with HR-MDS with <5% BM blasts at baseline is depicted. High-risk disease status in these patients can result from high-risk cytogenetic abnormalities (eg, complex
karyotype) and/or the degree of cytopenia. If a patient achieves hematologic recovery consistent with thresholds for CR (ie, Hb ≥ 10 g/dL, platelets ≥100 × 109/L, and ANC
≥1.0 × 109/L) as well as complete clearance of all baseline cytogenetic abnormalities, this should be reported as a CR equivalent. Patients who do not achieve complete
cytogenetic remission (or who are not evaluable for cytogenetic clearance because of a normal karyotype at baseline) should be evaluated for HI and PD and reported as such.
For patients with <5% BM blasts at baseline the definition of PD might be applied to patients with a ≥50% relative increase in BM blast count who do not have an absolute
increase of ≥5% blasts in the right clinical context (eg, worsening disease-related cytopenias). Criteria for CR, HI, SD, and PD are provided in Table 1.
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the proposal of more stringent HI definitions in the revised IWG
2018 response criteria.19 Despite these limitations, both indi-
vidual studies and our systematic review support an association
between HI and improved OS compared with no response
(supplemental Figure 2B).22,30,43,44

More recently, CR with partial hematologic recovery (CRh) as a
novel response category has been accepted by the Food and
Drug Administration in the regulatory approval of ivosidenib
and enasidenib for relapsed/refractory IDH1 and IDH2-mutated
AML, respectively.16,45-47 CRh, defined as BM blasts <5%, ANC
≥0.5 × 109/L, and platelet count ≥50 × 109/L, has also been
added to the ELN 2022 response criteria for AML.23 Except for
1 retrospective study,33 CRh has not been prospectively vali-
dated in MDS, and there is currently insufficient evidence to
support CRh as a new full-response criterion in HR-MDS. Further
studies are warranted in patients with MDS with increased blasts
or MDS/AML to determine the prognostic utility of this new
response parameter in the context of MDS.

Recommendation To recognize the importance of HI as an
adjunct to morphologic BM blast response, the panel proposes
to introduce CR with limited count recovery (CRL) as a provi-
sional response category in MDS for prospective validation in
place of mCR. This proposal recognizes that patients achieving
HI to thresholds less than CR along with BM blast reduction
have likely experienced a disease-modifying treatment effect.
The specific thresholds for CRL are identical to those for CR and
are similarly independent of baseline PB counts. Notably, CR
2054 27 APRIL 2023 | VOLUME 141, NUMBER 17
has been repeatedly associated with improved OS.22,32,33,44

CRL can occur either in only 1 lineage (CR unilineage [CRuni])
or 2 lineages (CR bilineage [CRbi]) and should be reported as
such (Table 2). As above, for patients with MDS/AML or MDS-
IB2 as defined by the International Consensus Classification and
the 5th WHO classifications, respectively, reporting CRh can be
considered to achieve consistency with the ELN 2022 AML
response criteria.4,23,28

“Less-than-CR” responses may also have relevance in HR-MDS
if there has been a BM blast reduction along with partial but
clinically relevant improvements in PB counts, such as an ANC
≥0.5 × 109/L and/or platelets ≥50 × 109/L (CRh), which are
associated with lowered rates of infectious or bleeding com-
plications.34-36 This is particularly relevant with continued
dosing of MDS therapies that are myelosuppressive. Thus, the
panel proposes to introduce both CRL and CRh as provisional
response criteria in MDS. Similar to CR and for consistency and
practicality reasons, both CRL and CRh are defined indepen-
dently of the baseline PB counts. Inclusion of both CRL and CRh
in the IWG 2023 criteria will allow for prospective validation and
the comparison of their relative prognostic value. Figure 1
illustrates how CRL and CRh fit into the landscape of response
assessment in MDS.

PR and stable disease (SD) Per IWG 2006 response
criteria, PR is defined as HI meeting the criteria for CR and a
reduction of BM blasts by ≥50% compared with pretreatment to
a level that remains ≥5%.14,16,48 Based on its definition, PR is
ZEIDAN et al
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primarily relevant for HR-MDS. Because of the rarity of PR
responses, associations with long-term outcomes are not well
characterized, but available data suggest an association with
improved OS compared with nonresponders.22 The same limi-
tations described for CR regarding the cutoffs of specific
hematologic parameters also apply to PR, and it is unclear
which patients with PR transition to an eventual CR or are in the
early stages of relapsing disease after an incomplete response
to treatment.

As the goal of therapy for most patients with HR-MDS is not
curative, prolonged SD is presumably associated with better
outcomes than disease progression, as it maintains quality of
life and extends survival by delaying the eventual progression
to AML, even if it is not a response per se. In the IWG 2006
criteria, SD is defined as neither progression nor PR or better
after at least 8 weeks of treatment.16 SD is associated with
improved OS compared with progressive disease (PD) or mCR
in various cohort studies and conferred a prognosis similar to PR
in 1 study.32,49,50 In addition, a subset of patients treated with
HMA who achieve SD at 4 to 6 months may achieve a late
response, including CR, with ongoing treatment, which has
been associated with improved survival.51 Even if no formal
response is achieved, ongoing HMA treatment may delay
progression to AML and prolong OS compared with treatment
discontinuation.49 The clinical significance of SD should be
evaluated further. Similarly, SD may serve as a bridge to allo-
HSCT in a selected subgroup of patients.52 However, dedi-
cated studies evaluating the outcomes of patients with
responses other than CR at the time of allo-HSCT are needed to
better define any benefit of blast reduction without achieving a
formal CR before allo-HSCT.

Recommendation Although data are limited, PR appears to
be associated with improved survival. The panel proposes to
continue to report PR as a response category in clinical trials.
Similar to the revised CR criteria, PR should be defined as
BM blast reduction by ≥50% to ≥5% with Hb ≥10 g/dL,
platelets ≥100 × 109/L, and ANC ≥1.0 × 109/L. If SD is
reported, it should not be included as a component of the
ORR. Among patients treated with HMA, SD may not
necessarily equate to treatment failure and prompt discon-
tinuation of therapy.

ORR Definitions of ORR across clinical trials in MDS vary,
limiting crosstrial comparisons. As outlined above, some com-
ponents of the ORR (ie, mCR) are not satisfactory surrogates for
OS.32 To ensure the correlation of ORR with long-term out-
comes (eg, OS and event-free survival [EFS]) and to improve
crosstrial comparisons, the panel proposes to uniformly define
ORR in MDS as a composite of CR, CR equivalent, PR, CRL, CRh,
and HI. Except for CRL, all response categories have been
shown to be correlated with improved OS, suggesting that a
composite ORR of these individual components would be
expected to correlate with OS as well. Of note, if patients meet
the criteria for multiple response categories (eg, CRL and CRh),
they should only be included in the most stringent response
category achieved (ie, CR > CRL > CRh > HI). A minority of the
panelists felt that mCR could still have a value, especially in
bridging patients to allo-HSCT, and should therefore still be
reported. However, if mCR is reported, it should not be
included in the ORR.
IWG 2023 RESPONSE CRITERIA FOR HIGHER-RISK MDS
Recommendation The ORR reported in clinical trials should be
defined as a composite of CR (and its equivalent in patients with
<5% BM blasts at baseline), PR, CRL, CRh, and HI, emphasizing
the importance of adequate count improvement apart from blast
clearance. The panel agreed that mCR and SD should not be
included in the ORR as blast clearance without meaningful
hematologic count recovery has not been linked to improved OS.

Cytogenetic responseandMRDassessment Cytogenetic
responses have been included in both the IWG 2000 and 2006
criteria but were primarily extrapolated from studies in AML and
chronic myeloid leukemia.13,16 Achieving a cytogenetic response
has been associated with improved OS but does not necessarily
correlate with HI and therefore CR rates among patients with
MDS treated with azacitidine.53-57

MRD status has been increasingly recognized as a surrogate
marker for long-term survival outcomes in both AML and
MDS.58-62 However, it is important to note that MRD assessment
by flow cytometry in MDS is limited by persistent dysplasia and
normal or reactive cells that mimic residual disease and may not
correlate with adverse survival.63,64 Therefore, alternative
detection methods such as next-generation sequencing (NGS)
might be more reliable in MDS and have been used in clinical
trials.25,65 However, in the predominantly older MDS population,
the presence of clonal hematopoiesis of indeterminate potential
may limit the interpretability of NGS.66,67 More recently, MRD
status at the time of allo-HSCT using various diagnostic tech-
niques and the identification of certain high-risk molecular
abnormalities such as TP53 mutations have been identified as
independent determinants of patient outcome.42,68,69 Several
recent studies have used MRD status to guide preemptive
treatment for imminent relapse after allo-HSCT based on the
well-established adverse prognostic relevance of MRD positiv-
ity.61,62,70 Because molecular testing results are not universally
available, are currently not actionable for specific treatment
selection for most patients, and are potentially variable across
molecularly defined disease subgroups (eg, TP53 mutated MDS
or treatment setting [eg, allo-HSCT vs HMA combination ther-
apy]), the panel suggests to include molecular end points as a
provisional response criterion requiring additional prospective
validation.10,71,72 Clinical trials that use IPSS-M or other molecular
disease characteristics as an inclusion criterion should report
molecular end points routinely. This will allow further prospective
validation of molecular end points.

Recommendation As cytogenetic response has been shown to
correlate with improved OS, we suggest continuing to report
both complete and partial cytogenetic responses as previ-
ously defined by the IWG 2006 response criteria. MRD
assessment by flow cytometry or molecular techniques such
as NGS in MDS remains insufficiently validated and stan-
dardized for inclusion as a full-response criterion at this point
but can be reported as a provisional response category in
clinical trials.73 Although the panel acknowledges that
molecular testing results are not universally available, we
recommend the reporting of molecular end points whenever
possible to enable further validation.

Addition of “not evaluable” as a new response cate-
gory for clinical trials As ORR and CR rate are frequent
measures of efficacy in early-phase clinical trials, it is essential to
27 APRIL 2023 | VOLUME 141, NUMBER 17 2055
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standardize the denominator in the calculation of response
rates. Reporting of clinical trial results should therefore be
based on the intention-to-treat principle, and patients not
evaluable for response (eg, due to early death, inadequate BM
assessments, or withdrawal from study prior to response
assessment) should be included in the denominator of response
assessment analyses. Similar to the recently published ELN
2022 AML criteria,23 we propose the addition of “not evalu-
able” as a new response category in MDS (Table 2). The “not
evaluable” category is especially important for patients enrolled
in clinical trials and prospective studies and is less relevant to
patients treated outside of clinical trials. Importantly, patients
who are not eligible for certain response categories (eg, HI in
the setting of preserved baseline PB counts) should not be
included in the “not evaluable” category but rather subtracted
from the denominator for the given response category.

Recommendation All registered/randomly assigned patients
should be included in the denominator of response assessment
analyses in line with the intention-to-treat principle. This cate-
gory may include patients yet to have a response assessment,
suffering early death, exiting the study early, or those with
technically suboptimal BM samples precluding assessment.

Definition of PD and disease relapse
PD The IWG 2006 MDS response criteria classify PD as either
an increase in BM blast percentage by ≥50%, a ≥50% decre-
ment in ANC or platelet count, a reduction in Hb by ≥2 g/dL, or
new transfusion dependence.16 However, the BM blast per-
centage is subject to significant interobserver variability and
potential sampling variations across assessment tech-
niques.74,75 The panel suggests that small absolute increases in
blast percentage should not be classified as PD in the absence
of other supporting data such as worsening cytopenias.

Recommendation As the prognostic implications of a 50%
increase in blast percentage, worsening cytopenias, or frank
progression to AML are distinct, the panel proposes a more
nuanced reporting of PD, including what specific criteria were
met. As such, PD can be subdivided into either disease pro-
gression based on rising BM of PB blasts, worsening cytopenias/
transfusion requirements, or progression to AML (Table 2). With
the increasing use of more myelosuppressive regimens, transient
cytopenias in the setting of myelosuppressive MDS treatment or
alternative explanations (eg, infection and bleeding) are
permitted and should not be reported as PD. Only the repeated
(more than once and separated by at least 7 days) need for RBC
or platelet transfusions within 8 weeks that are not related to an
acute intercurrent illness (eg, sepsis) or treatment effect should
be considered PD in the absence of progression by blast count. If
the underlying cause of worsening cytopenias is unclear, a BM
assessment should be performed to distinguish between a
treatment-related effect and disease progression.

Disease relapse The IWG 2006 MDS response criteria define
disease relapse as any of the following: (1) a return to the pre-
treatment BM blast percentage, (2) a decrement of 50% from
maximum remission/response levels in granulocytes or platelets,
or (3) a reduction in Hb by 1.5 g/dL or transfusion dependence.16

However, no additional guidance on the classification of tran-
sient changes in the setting of an intercurrent disease process
2056 27 APRIL 2023 | VOLUME 141, NUMBER 17
(eg, gastrointestinal tract bleed) is provided in the IWG 2006
MDS criteria.16 Similar to the discussion of PD, the prognostic
relevance of small absolute changes in BM blasts and PB counts
as well as the influence of treatment effects is unclear. To provide
additional clarification, the panel proposes a more detailed
classification of disease relapse with more specific criteria to
avoid the misclassification and overinterpretation of small
changes in PB counts and BM blasts (Table 2).

Recommendation Disease relapse based on BM blasts should
be defined as an absolute increase in BM blasts by ≥5% and a
≥50% increase from prior assessment, or confirmed (ie, persis-
tent for 4 weeks and not explained by a nondisease-related
process, such as infection, growth factor use, or BM recovery)
reappearance of blasts in the blood, or decrement in PB counts
defined as any of the following: ≥50% decline from maximum
remission/response levels in granulocytes or platelets, a
reduction in Hb by 1.5 g/dL or transfusion dependence, or
development of extramedullary disease (myeloid sarcoma).

Definition of time-to-event–based outcomes
Although OS remains the most important outcome in clinical
trials in MDS, it is influenced by multiple factors, including
subsequent therapies, and often requires an extended period
of follow-up to accrue the required number of events. There-
fore, EFS, leukemia-free survival, and progression-free survival
(PFS) have been used as secondary end points in clinical trials;
however, the definitions used are heterogenous, limiting
comparability across trials.18 As such, we propose standardized
definitions for clinical trials (Table 3). The emphasis for all these
definitions is that the time to an event should be reported for all
patients enrolled on a clinical trial (intention-to-treat analysis)
and be measured from the time of trial enrollment (or
randomization) until the event of interest is reached. For
patients treated outside of a clinical trial, time-to-event end
points should be reported from the time of treatment initiation.

Although 6-month and median PFS have been proposed as sur-
rogates for OS in MDS, PFS end points require additional valida-
tion.18 However, with expanding treatment options and increased
sequencing of multiple lines of therapy, PFS and EFS warrant
further study and should be included in clinical trials as secondary
end points and validated as surrogate outcomes for OS.

Recommendations OS should remain the primary end point
for phase 3 clinical trials in MDS. EFS and PFS can potentially
serve as surrogate outcomes for OS but require additional pro-
spective validation. In general, time-to-event–based outcomes
should be defined for all patients in a trial andmeasured from the
date of study entry (or randomization) to the date of the event.

Definition of PRO end points
A patient-reported outcome (PRO) can be defined as “any
report of the status of a patient’s health condition that comes
directly from the patient, without interpretation of the patient’s
response by a clinician or anyone else.”76 Therefore, PROs may
include multidimensional concepts such as health-related
quality of life or more specific concepts such as fatigue or
other symptoms. The selection of the most appropriate PRO
measure (or a combination of measures) for a clinical trial
depends on various aspects, and the rationale for selecting a
ZEIDAN et al
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specific measure should be reported in the study protocol.77

The US Food and Drug Administration78 has recently recom-
mended the assessment of the following core PROs in cancer
clinical trials: (1) disease-related symptoms, (2) symptomatic
adverse events, (3) overall side effect impact summary measure,
(4) physical function, and (5) role function. International rec-
ommendations for including PROs in trial protocols and for
transparent reporting in study publications are also avail-
able.79,80 Similarly, health-related quality of life end points have
recently been defined as one of the core outcomes by leading
European and Israeli MDS experts.81 We emphasize the
importance of high-quality PRO data collection and reporting in
study results.82 Many methodological issues should be carefully
considered when assessing and analyzing PROs in clinical trials.
For example, ignoring missing PRO data during the analyses
may lead to biased conclusions about the changing of PROs
over time and also about the between-treatment differences.77

Recommendation The panel recommends the inclusion of
PROs as end points in phase 2 and 3 trials.

Practical considerations
We also provide specific practical recommendations related to
several aspects of the proposed IWG 2023 response criteria for
HR-MDS (Table 5), such as timing of response assessment and
enumeration of blasts in blood and BM, to ensure reliable
reporting of outcomes across trials, and enhance interobserver
consistency of reporting results. As previously suggested for LR-
MDS, although a 16-week screening period for transfusion
needs is preferable,19 the panel recognizes that, given the
acuity of HR-MDS, an 8-week screening period before treat-
ment initiation and a 16-week time window for the assessment
Table 5. Practical considerations for application of IWG 202

Recomm

Time window for response
assessment and need for
response confirmation

• Response assessment allows a window
regeneration of blood counts without
timing of response assessment is espe

• Cytopenias related to acute illness or in
used to end duration of response.

• Once response is achieved, this date
subsequent response confirmation.

Discrepancy between BM and
PB blasts percentage

• There might be a discrepancy between
this case, repeat PB blast assessment w
blasts is disease related vs not (eg, see

• If within 2 weeks of the BM biopsy PB
will have achieved a CR without the ne

Screening period and time
window for on-trial
assessment of HI and
transfusion dependency/
independence

• Screening period for the evaluation of t
given the acuity of HR-MDS an 8-week

• For HI and TI assessments, a 16-week
• Effects of transient myelosuppression

the next cycle is permissible.

Enumeration of blasts in
blood and BM

• Blast percentages should optimally be
touch preparation) and 200 cells in the
number of cells is acceptable, but a min
or PD and a hemodilute specimen, a l

• In the instance of a paucicellular BM asp
on CD34 immunostaining of the BM bio
blast estimate is higher than that obta

• The blast percentage by flow cytomet
should not be used in lieu of the morp

IWG 2023 RESPONSE CRITERIA FOR HIGHER-RISK MDS
of HI and TI duration are acceptable. Response assessment per
the IWG 2023 response criteria for HR-MDS allows a window of
2 weeks either before or after the date of BM assessment to
allow for regeneration of blood counts without the need for a
repeat BM biopsy to confirm the response. The specific
thresholds for neutrophil count, platelet count, and Hb level do
not have to be all met on the same date but must be met within
the 2-week window of the BM assessment. The date of the
achieved response would be the date of the BM assessment. To
qualify for a CR, CR equivalent, PR, CRh, or CRL, the patient
must not have received supportive intervention for the specific
lineage(s) of the response (eg, platelet and/or RBC transfusions,
erythropoiesis-stimulating agents, thrombopoietin mimetics, or
granulocyte colony-stimulating factors) in the preceding 2
weeks. For example, for CRuni in the platelet lineage, the
patient must not have received platelet transfusions for the
previous 2 weeks of achievement of the required platelet
threshold (≥100 × 109/L) but could have potentially received
RBC transfusions or growth factor support.

Appropriate timing of response assessment is especially
important in the setting of ongoing myelosuppressive therapy.
Similarly, there might be a discrepancy between <5% blasts in
the BM and PB blasts being >0% at the time of BM assessment.
In this setting, a repeat PB blast assessment within 2 weeks
should be done to distinguish whether this elevation of PB
blasts is disease related or not (eg, secondary to marrow
recovery, infection, etc). If PB blasts clear (ie, are 0%) within 2
weeks of the BM biopsy/aspirate and BM biopsy/aspirate pre-
viously showed <5% blasts, the patient will have achieved a CR
(in case of hematologic recovery) without the need for a repeat
BM assessment for confirmation purposes.
3 criteria for HR-MDS

endations for clinical practice

of 2 weeks either before or after the date of BM assessment to allow
need for a repeat BM biopsy to confirm the response. Appropriate
cially important in the setting of ongoing myelosuppressive therapy.
duced by MDS therapy (ie, not due to the underlying MDS), will not be

should be used as the start of duration of response, without need for

<5% blasts in the BM and PB blasts being >0% at time of BM biopsy. In
ithin 2 weeks should be done to distinguish whether this elevation of PB
n in setting of marrow recovery, infection etc).
blasts clear (ie, are 0%) and BM biopsy showed <5% blasts, the patient
ed for a repeat BM biopsy for confirmation purposes.

ransfusion burden and baseline Hb levels is ideally 16 weeks; however,
screening period before treatment initiation is acceptable.
time window should be used.
on active treatment with hematologic recovery before the initiation of

derived by a manual count of 500 cells in the BM aspirate smear (or
PB smear; in paucicellular samples, a blast count based on a smaller
imum of 100 cells should be counted. In the setting of disease relapse

ower cell count can be acceptable if numerous blasts are present.
irate and touch prep or “dry tap,” an estimate of the blast count based
psy may substitute for an aspirate blast count, particularly if the biopsy

ined from the aspirate or touch prep.
ry usually correlates with the blast count obtained by morphology but
hologic blast count.
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Conclusions
The IWG 2006 response criteria in MDS have been an important
tool to advance clinical research by harmonizing response
assessment. However, these criteria in their current form have
significant limitations, especially with regards to the definition
of hematologic recovery, which does not necessarily correlate
with patient-centered outcomes and OS. In the IWG 2023
criteria, we propose significant modifications to the IWG 2006
response criteria to better capture clinically relevant outcomes,
reduce discrepancies with AML response criteria, and improve
applicability to novel therapies. We hope that these updated
criteria will lead to a better correlation between patient-
centered outcomes and clinical trial results in an era of multi-
ple emerging new agents. Future research should focus on the
standardization and validation of MRD assessment, molecular
and less-than-CR responses, other surrogate end points that
predict OS, and the evaluation of response criteria across
treatment settings (eg, after frontline therapy vs allo-HSCT).
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