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Myelodysplastic syndromes (MDS) and

myeloproliferative neoplasms (MPN) are

hematologically diverse stem cell ma-

lignancies sharing phenotypic features

of both myelodysplastic syndromes and

myeloproliferative neoplasms. There are

currently no standard treatment recom-

mendations for most adult patients with

MDS/MPN. To optimize efforts to improve

themanagement anddiseaseoutcomes, it

is essential to identify meaningful clinical

and biologic end points and standardized

response criteria for clinical trials. The

dual dysplastic and proliferative features

in these stem cell malignancies define their

uniqueness and challenges. We propose

response assessment guidelines to harmo-

nize future clinical trials with the principal

objective of establishing suitable treat-

ment algorithms. An international panel

comprising laboratory and clinical experts

in MDS/MPN was established involving 3

independent academic MDS/MPN work-

shops (March 2013, December 2013, and

June 2014). These recommendations are

the result of this collaborative project

sponsored by the MDS Foundation. (Blood.

2015;125(12):1857-1865)

Introduction

Myelodysplastic/myeloproliferativeneoplasms(MDS/MPN)comprise
a World Health Organization (WHO) category of hematopoietic stem
cell malignancies sharing morphologic and hematologic features of
both myelodysplastic syndromes and myeloproliferative neoplasms.1

As characterized by theWHO in 2008, these disorders include chronic
myelomonocytic leukemia (CMML), juvenile myelomonocytic leuke-
mia (JMML), atypical BCR-ABL1 negative chronic myeloid leukemia
(aCML), myelodysplastic/myeloproliferative neoplasm unclassi-
fiable (MDS/MPN-U), and a provisional entity named refractory
anemia with ring sideroblasts and thrombocytosis (RARS-T).2

Although CMML, the most frequent subgroup of MDS/MPN, is
heterogeneous in presentation, it differs from other MDS/MPN in
adults because of the presence of sustained monocytosis defined
as a monocyte count.1000/mL that comprises at least 10% of the
white blood cell (WBC) differential. aCML is characterized by left-
shifted leukocytosis with severe granulocytic dysplasia but lacks
monocytosis or the BCR-ABL1 fusion characteristic of chronic
myeloid leukemia (CML).MDS/MPN-Upatients are phenotypically
heterogeneous, displaying a combination of dysplastic and myelo-
proliferative features that do not fulfill criteria for assignment to
any other MDS/MPN subtype.3 The provisional entity of RARS-
T—which shares features of anemia, dyserythropoiesis, and
.15% bonemarrow ring sideroblasts similar to refractory anemia
with ring sideroblasts—is distinguished by sustained thrombocytosis

($450 3 109/L), megakaryocytes with myeloproliferative cytolog-
ical features, and, similar to other MDS/MPN or MPN, moderate
splenomegaly.3,4 The molecular, diagnostic, and clinical features of
MDS/MPN have been reviewed by this group elsewhere.5

Currently, few evidence-based recommendations can be made for
managing patients withMDS/MPN. Overall survival is variable, mea-
sured in years for many RARS-T or low-risk CMML patients and
months for many aCML or high-risk CMML patients. The molecular
and clinical heterogeneity and absence of uniform response criteria
by which to assessmeaningful therapeutic benefit make developing
and comparing new therapies a challenge. Novel agents that target
biological features important in MDS/MPN are in development;
testing the effectiveness of these agents requires a harmonized as-
sessment approach designed specifically for MDS/MPN.

Challenges in diagnosing MDS/MPN and
current response criteria for MDS and MPN

The WHO 2008 diagnostic criteria afford considerable latitude to
individual hematopathologic interpretation.MDS/MPN include a spec-
trum of stem cell malignancies that harbor a phenotype with elements
of both groups of disorders (Figure 1). Likewise, there is considerable
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heterogeneity within subtypes of MDS/MPN. Thus, the diagnostic
criteria are imperfect for the subjective interpretation of morphology
and the considerable heterogeneity of the diseases described. For
example, the elevation of monocytes (.1 3 109/L sustained $3
months) is a diagnostic criterion for CMML. Admittedly, there are
“proliferative-phase”myelofibrosis (MF) patients with considerable
leukocytosis who fulfill these criteria,4,6 and conversely, severely
dysplastic CMML patients with WBC#13 109/L with as much as
80% monocytosis who fail to meet criteria for CMML definition.
Likewise, there is clearly a temporal aspect involved because the
composition and plasticity of bone marrow changes in these diseases
vary considerably over time.

To gauge the clinical benefits of emerging therapy, it is essential
to develop meaningful clinically relevant and biologic end points
with standardized response criteria. Following the discovery of the
JAK2V617F mutation in myelofibrosis, the International Working
Group for Myelofibrosis Research and Treatment (IWG-MRT)
proposed MF response criteria in 2006 that were revised in 2013.
The metrics for measuring complete response (CR) and partial
response in treating MF included quantification of changes in
bone marrow fibrosis, composition of the peripheral blood, and
resolution of disease-associated symptoms and clinical features
of disease, including hepatosplenomegaly. Clinical improvement
requires $50% reduction in splenomegaly, improvement in cytope-
nias (2.0 g/dL increase in hemoglobin (Hgb); 100% increase in plate-
lets or neutrophils to reach greater than 50 3 109/L and 0.5 3 109/L,
respectively), or transfusion independence for transfusion-dependent
patients with pretreatment Hgb #10 g/dL.7 Interestingly, the most
successful therapeutic clinical trials in MF, Controlled Myelofibrosis
Study With Oral Janus-associated Kinase (JAK) Inhibitor Treatment
(COMFORT) I and COMFORT II (testing ruxolitinib vs placebo, and
ruxolitinib vs best available therapy, respectively), suggested improve-
ment in survival and meaningful clinical benefit without significantly
affecting rates of complete or partial response as defined by the IWG-
MRT.8-10 Although it is possible that long-term therapywith ruxolitinib
may reversefibrosis in somepatients,11most patients in theCOMFORT
trials had little or no documented change in bone marrow findings to
fulfill IWG-MRT remission criteria and no discernable reduction in
the rate of leukemic transformation. Reduction in splenomegaly and
improvement in quality of life, however, led to approval of ruxolitinib
for patients withMF by the Food andDrugAdministration, andmay be
harbingers for altering the natural history of the disease.12

Similarly, the IWG response criteria for MDS measure changes
in marrow myeloblast percentage, cytogenetics, amelioration of

cytopenias, and magnitude and duration of hematologic improve-
ment.13 Reduction in the number of transfusions by 4 transfusions
per 8 weeks compared with pretreatment transfusion frequency or
Hgb increase by $1.5 g/dL constitutes erythroid hematologic im-
provement. An absolute increase in platelets of $30 3 109/L for
patients with thrombocytopenia $20 3 109/L or an increase from
#20 3 109/L to $20 3 109/L and at least 100% improvement
defines platelet hematologic improvement. Only MDS patients with
pretreatment neutropenia ,1 3 109/L qualify for neutrophil
hematologic improvement, accompanied by an increase of at least
100% with absolute rise $0.5 3 109/L.13 The advanced age and
comorbidities of many patients with MDS obfuscate the need to
achieve conventional CRs, whereas priority is given to symptom
control and quality of life. Thus, recent clinical trials have been
designed to capture hematologic improvement as a primary end point
in MDS. In some studies, correlation of those clinically meaning-
ful responses (eg, clinical benefit) with an outcome such as overall
survival or leukemia transformation had been demonstrated. For
example, in the AZA-001 study in higher risk MDS, patients who
achieved hematologic improvement had a survival benefit that was
comparable to patients achieving a partial response or CR.14 Further,
the significance of other response criteria such asmarrowCR13 inMDS
is less clear because reduction in blasts without improvements in other
hematologic parameters has not yet translated to patient benefit.
Likewise, the erythroid response criterion of reduction in transfusion
needs as opposed to transfusion independence has no relationship
to outcome, but perhaps impacts quality of life. Practically, this is
a cumbersome assessment in clinical trials, and regulatory authorities
favor more meaningful, clinically relevant end points that reflect
clear benefit to the patient.

Future clinical trialsmaybenefit byharmonizingmetrics established
in MF IWG-MRT and MDS IWG response criteria by measuring
effectiveness via evidence for reduction in spleen size, reduction in
bone marrow fibrosis, improvement in cytopenias, and reduction of
symptoms as measured by a validated measurement tool such as the
total symptom score (TSS).15 In addition, reduction in bone marrow
or peripheral blasts and rate of transformation to leukemia may be
incorporated. Other features of the disease, such as resolution of
leukocytosis or thrombocytosis, in patients with MDS/MPN must
also be considered. If the patient hasmore “proliferative” disease, for
example, should reduction in spleen size take precedence? If the
patient has predominantly dysplastic and ineffective hematopoiesis,
should improvement in cytopenias be prioritized?

In prospective trials for patients with MDS/MPN, several
approaches have been applied to assess response. Historically,
some MDS trials including patients with CMML have measured
response via the IWG response criteria for MDS because dysplastic
cases of CMML clinically behave similarly to myelodysplasia with
primarily hematopoietic insufficiency and without organomegaly or
severe constitutional symptoms. For example, a phase 2 decitabine
trial involving 38 CMML patients reported a CR rate of 10%, and
a 21% marrow CR, with a corresponding 2-year survival of 48%.16

However, the effects of the therapy on themyeloproliferative aspects
of the disease were not captured with this approach because more
proliferative cases of CMMLare characterized bymyeloproliferative
features of leukocytosis, organomegaly, and considerable constitu-
tional symptoms—clinical features gauged less discernibly with IWG
criteria for MDS. The first published attempt to prospectively em-
ploy specific response criteria for patients with MDS/MPN was
the Thalidomide, Arsenic Trioxide, Dexamethasone, and Ascorbic
Acid trial published in 2012. In this prospective study, thalidomide,
arsenic, dexamethasone, and ascorbic acid were administered over

Figure 1. Classically, chronic myeloid malignancies are either proliferative or

dysplastic. MDS/MPN that harbor hybrid characteristics of both MDS and MPN

(overlap syndromes), represent a spectrum of different disorders.
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12-week cycles to MF and MDS/MPN patients. Bejanyan et al
measured response using the MF IWG-MRT criteria for all
patients, and then applied the IWG MDS response criteria with
respect to hematologic improvement for the 54% of patients in
this trial with a diagnosis of MDS/MPN-U.17 This composite re-
sponse measurement captured by both sets of criteria yielded a
21% overall response rate. That said, nonsynchronous responses
with this approach introduce added complexity to measuring the
benefit of a given therapy. For example, if a patient experienced
a reduction in spleen size by 50% accompanied by a reduction
in Hgb$ 2 g/dL, that patient would have “clinical improvement”
per the MF IWG-MRT criteria, yet no improvement per the MDS
IWG criteria. This scenario might reflect a disease-modifying
effect, but lead to therapy discontinuation because of no improve-
ment, and greater therapy-induced anemia because the mechanism
of action of the therapy such as JAK2 inhibition may account for
some reduction in Hgb. In similar attempts to capture responses
and potential clinical benefit as accurately as possible for patients
with CMML, the Italian Society of Hematology adopted the MDS
criteria for specific dysplastic CMML and MF criteria for prolifer-
ative CMML.18

Additional candidate metrics for
measuring response

The translation of symptom improvement to possible survival
advantage and the subsequent approval of ruxolitinib for MF after
phase 3 randomized trials have left symptom management as an
important focus with particular relevance to MDS/MPN. Symptom
burden in MF has been extensively investigated and both spleen-
related and nonsplenic symptomatology aremeaningful end points in
clinical practice, and as in the case of ruxolitinib in MF, potential
early surrogates for survival.8-10 Traditionally, the symptom burden
in MDS was largely attributed to cytopenias, but evolving data belie
this presumption. For example, fatigue poorly correlated with Hgb
level in a large quality-of-life survey of MDS patients.19 Regardless,
the symptom burden in MDS is underevaluated, and given the
improvement in quality-of-life tools and success in quantifying
improvement in other myeloid diseases,15 we strongly recommend
incorporation of symptom assessment tools in the response criteria
for MDS/MPN but realize that any such approach will require vali-
dation (ongoing).

Biologic endpoints couldbe considered for evaluating responseand
may be helpful to interpret impact on disease. This is particularly true
when employingmyelosuppressive therapies thatmaymakediscerning
drug-related cytopenias from disease-related progression difficult.
Karyotype analysis provides awell-studied standardizedmethodology
that has proven clinically relevant in MDS/MPN.20,21 Chromosomal
abnormalities can be identified inmany cases that provide informative
prognostic data and represent a marker of disease burden that may be
followed over time. Serum levels of interleukin-8 and other cytokines
have also been independently associated with disease progression in
MF,22 and treatment with JAK inhibitors has led to downregulation in
several genes involved in the inflammatory response in myeloprolif-
erative neoplasms.23 Still, biologic end points may be misleading
and there are a lack of standardized assays to measure most bio-
markers. For example, the JAK2 V617F allele burden is not necessarily
concordant with response for patients receiving JAK2 inhibitor
therapy.8,10,24 Whereas the BCR-ABL tyrosine kinase is the hallmark
of chronic myelogenous leukemia, there are no singular driving genetic

aberrations in any of the MDS/MPN in adults, but, rather recurrent
molecular abnormalities. The best example of genotype–phenotype
linkage in MDS/MPN is the aberrant regulation of the RAS-RAF
pathway in 90% of JMML with largely mutually exclusive germ line
mutations involving PTPN11, KRAS, NRAS, NF1, or other related
genes.25-27 This is discussed, expertly, elsewhere.28 Recurrent
molecular aberrations at several loci have recently been identified
in MDS/MPN, and ultimately, these may lead to clearer distinction
between the disorders and means by which outcomes can be
assessed.29-37 Improved molecular characterization will likely en-
hance treatment opportunities and development of therapy. Table 1
outlines current understanding of the distribution of molecular ab-
errations in MDS/MPN.

Risk stratification models

Large MDS and MF patient registries informed creation of the In-
ternational Prognostic Scoring System, the revised International
Prognostic Scoring System, the WHO-based Prognostic Scoring
System, and the Dynamic IPSS, which have greatly improved
prognostication, and, as a consequence, management strategy.
Currently, available outcome data for patients with MDS/MPN
are predominantly restricted to CMML, for which there are at least
8 published scoring tools, many of which that have been externally
validated. Unfortunately, the CMML models have not been sys-
tematically compared, making it difficult to recommend any 1
CMML-specific prognostic tool over another.20,21,38-46

Based on the data acquired from thesemodels, newCMMLspecific
models have been developed that represent advances in risk strat-
ification of the disease. The SpanishMDS group developed a CMML
prognosticmodel fromadata set including 558patients that identified
chromosome abnormalities, red blood cell transfusion depen-
dence (or anemia), bone marrow blast count, and elevated WBC
count as independent covariates for overall survival.40 This model,
for the first time, highlighted the importance of chromosomal
abnormalities in CMML, analogous to their prognostic role in MDS.
In an analysis of 226CMMLpatients from theMayo clinic, increased
peripheral monocyte count, leukoerythroblastosis, anemia, and
thrombocytopenia were identified as independent prognostic factors
for survival. This model highlights the prognostic impact of mono-
cyte count that was externally validated in an independent CMML
cohort.45 The most recent model, proposed by Itzykson et al, merged
both clinical parameters and emerging genetic mutations from
a cohort of 312 patients.43 This is the first CMML-specific model
to incorporate gene mutations into risk analysis that identified
ASXL1mutations, age$65 years, leukocytosis, thrombocytopenia,
and anemia as independent prognostic variables. The prognostic
relevance of gene mutations may differ among MDS/MPN. For
instance, SF3B1 mutations have been found to be important prog-
nostically in the RARS-T subgroup,29,47 whereas their impact on
the outcome of CMML patients remains to be investigated. How
these aberrations may later be incorporated into risk models for
these diseases remains unclear, and clarifying this information
to properly incorporate these aberrations in prognostication is a
priority.

Although these efforts have led to some validated refinements for
gauging behavior of the most common MDS/MPN—ie, CMML—
prognosticmodels forMDS/MPN remain an unmet challenge.A recent
early attempt to develop a specific risk stratification score in MDS/
MPN-U revealed that an absolute neutrophil count $8.5 3 103/mL,
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presence of peripheral blood blasts, Hgb #11.5 g/dL, lactate
dehydrogenase$550 U/L, and age$65 as prognostic variables for
survival.46 Still, there is a need for uniform risk stratification to
complement response criteria so that treatment goals may be
tailored according to the disease risk.

Methods for developing candidate criteria

IWG response criteria for MDS and IWG-MRT criteria for MPN
were designed based on consensus recommendations. To address
the topical issues inMDS/MPN, a panel comprising laboratory and
clinical experts in MDS/MPN assembled in early 2013, with 3
independent MDS/MPN workshops held on March 9, 2013, in
Miami, Florida; on December 6, 2013, in New Orleans, Louisiana;
and June 13, 2014, in Milan, Italy. During this time, members
submitted candidate measures of response assessment (eg, bone
marrow, symptoms, laboratory measures). The proposed measures
were annotated and discussed, and additional members were added
at each subsequent meeting to provide complementary perspective
and expertise. From these discussions, 2 questionnaires were designed
to refine and develop objective consensus for each potential response
criterion. Panelists were asked to prioritize each criterion by assigning
a weighted rank, allowing for quantitative assessment while achieving
100% participation. Questionnaire results were compiled and further
collaborative teleconferences and meetings were held to finalize the
criteria. These consensus recommendations of uniform response
criteria for adult MDS/MPN are the result of this collaborative
project, which was endorsed and supported by theMDS Foundation.

Proposed criteria for measurement of
treatment response in MDS/MPN

While recognizing the limitations of current response criteria, the
risk of dyssynchronous response, and the difficulty in capturing
response within such a heterogeneous group as MDS/MPN, we
propose a model of disease assessment that combines the strengths
and familiarity of prior assessment tools for MDS and MF and
suggests additions to account for clinically relevant end points.
As outlined in Table 2, the proposed criteria for CR in MDS/MPN
are consistent with previously published response criteria with
respect to histologic remission, given the correlation between bone
marrow remodeling after allogeneic stem cell transplantation and
survival in myelofibrosis39-42 and morphologic remission and
survival inMDS.14 Likewise, spleen size, peripheral blood counts,
and related symptoms consistent with changes in the natural history of
disease are included. The resolution of symptoms should ultimately
represent a similar requirement of symptoms in aCR formyelofibrosis
as assessed by the IWG-MRT criteria48; however, validation of
this threshold is ongoing, so the provisional category of “CRwith
resolution of symptoms” has been added but is not required to
obtain CR.

The assessment of CRmust be confirmed by a minimum of 2 bone
marrow assessments only to confirm improvement in fibrosis.13 In the
event thatmarrowfibrosis is not present on thefirst response assessment
marrow, and all other marrow criteria for CR are achieved as noted on
follow-up bone marrow aspirate, further bone marrow biopsies are not
required for designation of CR. Corresponding improvements in the
peripheral blood should be maintained over a minimum of 8 weeks. In

Table 1. Known frequency of genetic mutations seen in MDS/MPN (% mutated)

Gene CMML21,30-32,45,55-57 JMML26,27,58-61 RARS-T29,36,62-64 aCML35,54,65,66 MDS/MPN-U46,53

Cell signaling

JAK2 V617F 5-10 — 58.7 7 —

JAK3 ,1 9 — — —

CALR — — 13 — —

MPL 0 — 2 — —

NRAS 4-10 12 — 8-35 2-14

KRAS 7-10 12 — 2 0

PTPN11 2 40 — — —

NF1 1 11 — — —

FLT3 ,5 — — — —

CSF3R ,5 — — ,10 —

CBL 10-14 14 — 7 2

KIT ,1 — — — —

Epigenetic regulators

TET2 50-60 — 9-26 25 18

ASXL1 35-40 4 10 25 14

DNMT3A ,5 — 17 — 3

IDH1 ,1 — — — 0

IDH2 ,1 — — — 0

UTX 8 — — — —

EZH2 5-13 0 25 13-15 6-10

SETBP1 5-10 7 — 25 —

RNA splicing

SF3B1 5-10 — 72 — 1

U2AF1 5 — — — 1

SRSF2 50 — — — 2

Other

NPM1 ,1-3 — — — —

TP53 5 — — — 4

RUNX1 15 — — 2 —
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recognizing considerable debate over the use of transfusion reduction in
the measurement of response to MDS, MF, or MDS/MPN, we have
chosen to include only transfusion independence (TI), as defined by
freedom from dependence of $4 units/8 weeks for packed red blood
cells or platelets, and not transfusion reduction, in these proposed
criteria., Although TI beyond 8 weeks is not required in these criteria,

we do recognize the importance of including duration of response/
duration of TI in clinical trials.

Reduction of blast percentage or partial resolution in fibrosis in the
marrow carry inherent value, but the relationship between these bone
marrow changes and impact on the disease’s natural history or survival
in MDS/MPN is unknown. Likewise, the value of these changes in

Table 2. Proposed criteria for measurement of treatment response in adult MDS/MPN

CR (presence of all of the following improvements)*

Bone marrow: #5% myeloblasts (including monocytic blast equivalent in case of CMML) with normal maturation of all cell lines and return to normal cellularity*

Osteomyelofibrosis absent or equal to “mild reticulin fibrosis” (#grade 1 fibrosis)†

Peripheral blood‡

WBC #10 3 109 cells/L

Hgb $11 g/dL

Platelets $100 3 109/L; #450 3 109/L

Neutrophils $1.0 3 109/L

Blasts 0%

Neutrophil precursors reduced to # 2%

Monocytes #1 3 109/L

Extramedullary disease: Complete resolution of extramedullary disease present before therapy (eg, cutaneous disease, disease-related serous effusions), including

palpable hepatosplenomegaly

Provisional category of CR with resolution of symptoms:‡ CR as described above, and complete resolution of disease-related symptoms as noted by the MPN-SAF TSS

Persistent low-level dysplasia is permitted given subjectivity of assignment of dysplasia*

Complete cytogenetic remission

Resolution of previously present chromosomal abnormality (known to be associated with myelodysplastic, syndrome myeloproliferative neoplasms, or MDS/MPN), as seen

on classic karyotyping with minimal of 20 metaphases or FISH§

Partial remission

Normalization of peripheral counts and hepatosplenomegaly with bone marrow blasts (and blast equivalents) reduced by 50%, but remaining .5% of cellularity except

in cases of MDS/MPN with #5% bone marrow blasts at baseline

Marrow response

Optimal marrow response: Presence of all marrow criteria necessary for CR without normalization of peripheral blood indices as presented above.

Partial marrow response: Bone marrow blasts (and blast equivalents) reduced by 50%, but remaining .5% of cellularity, or reduction in grading of reticulin fibrosis from

baseline on at least 2 bone marrow evaluations spaced at least 2 mo apart

Clinical benefit

Requires 1 of the following in the absence of progression or CR/partial response and independent of marrow response (cord blood response must be verified at $8 wk) to

be considered a clinical benefit

Erythroid response

Hgb increase by $2.0 g/dL

TI for $ 8 wk for patients requiring at least 4 packed red blood cell transfusions in the previous 8 wk

Only red blood cell transfusions given based on physician’s judgment for a pretreatment Hgb of #8.5 g/dL will count in the red blood cell TI response evaluation||

Platelet response

Transfusion independence when previously requiring platelet transfusions of at least a rate of 4 platelet transfusions in the previous 8 wk

Pretreatment #20 3 109/L: increase from ,20 3 109/L to .20 3 109/L and by at least 100%

Pretreatment .20 3 109/L but # 100 3 109/L: absolute increase of $30 3 109/L||

Neutrophil response

Pretreatment #0.5 3 109/L at least 100% increase and an absolute increase $0.5 3 109/L

Pretreatment, .0.5 3 109/L and #1.0 3 109/L At least 50% increase and an absolute increase $0.5 3 109/L||

Spleen response

Either a minimum 50% reduction in palpable splenomegaly of a spleen that is at least 10 cm at baseline or a spleen that is palpable at more than 5 cm at baseline

becomes not palpable

Symptom response

Improvement in symptoms as noted by decrease of $50% as per the MPN-SAF TSS scoring ,20 were not considered eligible for measuring clinical benefit.{

*Presence of dysplastic changes, which may be interpreted within the scope of normal range of dysplastic changes, may still exist in the presence of CR as allowed in

MDS IWG. Marrow should exhibit age-adjusted normocellularity in CR.

†If there is no significant fibrosis present on the initial bone marrow biopsy, a second biopsy is not required to prove resolution of fibrosis. Grading of fibrosis in

measurement of treatment response should be according to the European Consensus System.67

‡Given the current lack of a validated tool to assess complete resolution of symptoms in MDS/MPN, “CR with resolution of symptoms” (a complete resolution of disease-

related symptoms as noted by the MPN-SAF TSS in presence of CR) will be a provisional category of disease response.

§Loss of cytogenetic burden of disease by (via FISH or classic karyotyping) known to adversely affect prognosis is required to reach complete cytogenetic remission.

Decrease in the cytogenetic burden of disease must be by $50% (via FISH or classic karyotyping) to be indicative of a partial cytogenetic response. Given variability of

fluorescent probes used in FISH, cytogenetic normalization via FISH will depend on the performance characteristics of the specific probes used.

||Resolution of abnormal peripheral blood counts must persist for at least 2 separate analyses over at least 8 wk. In the case of proliferative MDS/MPN, CR will include

resolution of thrombocytosis to a normal platelet count (150-450 3 109/L) and resolution of leukocytosis to WBC #10 3 109 cells/L but $1.5 3 109/L. Hgb should be

maintained .11 g/dL and platelets $100 3 109/L without the support of transfusions. Clinical benefit may occur when these changes occur in absence of other changes

required for CR or marrow response. Platelet and packed red blood cell TI would be considered for clinical benefit, and duration of TI should be monitored. Reduction in

myeloid precursors (promyelocytes, myelocytes, metamyelocytes, nucleated red blood cells) to less than appreciable levels (#2-3%) and/or 1 3 109/L monocytosis in the

absence of infection, cytokine treatment, or other reactive causes.

{MPN-SAF TSS validation among patients with MDS/MPN is currently under way (R.A. Mesa, personal communication, 2014).
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the setting of continued cytopenias and symptomology are in doubt.
Despite this, we recommend the inclusion of a provisional category of
“marrow response” to capture improvement inmarrowfibrosis or blast
count in the absence ofCRor partial response,which couldbe assessed
for a relationship to established measures of clinical benefit. The
use of marrow response in the absence of clinical benefit or
establishment of remission is controversial, and the relationship
between these responses and survival must be thoroughly evaluated.
Future database analyses and clinical trials should bring clarity to the
value of independent marrow changes on survival. We propose 2
subcategories of marrow response that include (1) optimal marrow
response, which indicates achievement of all bone marrow changes
required for CR without the extramedullary changes; and (2) par-
tial marrow response in which bone marrow blasts (and blast
equivalents) are reduced by 50% but a remaining.5% cellularity
OR reduction in reticulin fibrosis grade from baseline on at least
2 bone marrow evaluations at least 2 months apart.

The category of clinical benefit expands upon previously
established metrics of hematologic improvement to include blood
cell counts, spleen size reduction, and improved functional status
as meaningful patient outcomes, which, as mentioned previously,
may translate to survival benefit or improved quality of life. Mea-
surement of functional status has been shown to be reproducible with
use of a symptom assessment tool. Although a symptom assessment
instrument that is specific forMDS/MPNhas not been developed, the
MPN-SAF TSS has been used in clinical trials and adopted by some
centers15 and is currently being validated inMDS/MPN (R.A.Mesa,
personal communication, 2014). This instrument has demonstrated
the ability to capture symptoms from the spectrum of MPN patients

including cytopenia-based, spleen-based, and cytokine-based symp-
toms and should prove responsive to diverse phenotypes of the
MDS/MPN patient base. Additionally, 50% reduction of TSSwas
correlated with improved quality of life and change in patients’
global impression of change in myelofibrosis trials.49 This work-
ing group believes this approach provides the best potential for
accurately capturing changes in symptoms in MDS/MPN patients
with the threshold of requiring a 50% reduction to equate a clinical
benefit chosen to be consistent with both IWG-MRT/ELN criteria
in MPN.

Proposed criteria for measurement of
progressive disease in MDS/MPN

Accurate measurement of disease progression is challenging but
can be accomplished by using a system that employs major and
minor criteria to define changes in disease, and thus, failure of
a tested therapy. In this example, progression could be defined
as disease-related mortality, transformation to acute leukemia, or a
combination of criteria as noted in Table 3. Major criteria include sig-
nificant growth in spleen size or rise in blast percentage, whereas
minor criteria include meaningful increases in transfusion needs
or disease-related symptoms, verifiable loss of improvement in
cytopenias—not from therapy, but rather disease progression—or
cytogenetic evidence of clonal evolution. Table 3 outlines proposed
criteria for progression of disease. There is unanimous agreement
on inclusion of cytogenetic clonal evolution or rise in blast count

Table 3. Proposed criteria for measurement of disease progression in adult MDS/MPN

Combination of 2 major criteria, 1 major and 2 minor criteria, or 3 minor criteria from list

Major criteria

Increase in blast count*

,5% blasts: $50% increase and to .5% blasts

5-10% blasts: $50% increase and to .10% blasts

10-20% blasts: $50% increase and to .20% blasts

20-30% blasts: $50% increase and to .30% blasts†

Evidence of cytogenetic evolution‡

Appearance of a previously present or new cytogenetic abnormality in complete cytogenetic remission via FISH or classic karyotyping

Increase in cytogenetic burden of disease by $50% in partial cytogenetic remission via FISH or classic karyotyping

New extramedullary disease

Worsening splenomegaly

Progressive splenomegaly that is defined by IWG-MRT: the appearance of a previously absent splenomegaly that is palpable at .5 cm below the left costal margin or

a minimum 100% increase in palpable distance for baseline splenomegaly of 5-10 cm or a minimum 50% increase in palpable distance for baseline splenomegaly of

.10 cm

Extramedullary disease outside of the spleen

To include new/worsening hepatomegaly, granulocytic sarcoma, skin lesions, etc.

Minor criteria

Transfusion dependence§

Significant loss of maximal response on cytopenias $50% decrement from maximum remission/response in granulocytes or platelets

Reduction in Hgb by $1.5g/dL from best response or from baseline as noted on complete blood count

Increasing symptoms as noted by increase in $50% as per the MPN-SAF TSS||

Evidence of clonal evolution (molecular){

*Blasts as measured from the bone marrow.

†Patients with development of acute myeloid leukemia from MDS/MPN; 20-30% blasts may be allowed on some clinical trials for patients with MDS/MPN.

‡Increase in cytogenetic burden of disease by $50% (via FISH or classic karyotyping). Given variability of fluorescent probes used in FISH, cytogenetic normalization via

FISH will depend on specific probes used.

§Transfusion dependency is defined by a history of at least 2 U of red blood cell transfusions in the past month for a hemoglobin level ,8.5 g/dL that was not associated

with clinically overt bleeding. Cytopenias resulting from therapy should not be considered in assessment of progression.

||MPN-SAF TSS validation among patients with MDS/MPN is currently under way (R.A. Mesa, personal communication, 2014).

{The identification of new abnormalities using single nucleotide polymorphism arrays or sequencing or a clearly significant increase in mutational burden of a previously

detected abnormality. Precise criteria for defining new abnormalities and what exactly constitutes a significant increase in mutational burden are open to interpretation; we

suggest that this criterion should be used conservatively based on current evidence.
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as major criteria, whereas there was some disagreement within the
group as to whether to include splenomegaly as a major criterion.
Nevertheless, this adaptive approach using major and minor criteria
to define progression can provide guidance for trials involvingMDS/
MPN patients with expected heterogeneous clinical features, while
accounting for nonsynchronous signs of progression. Progression
based upon changes in the peripheral blood should be considered
after serial blood counts over 8 weeks. Transient or persistent cyto-
penias despite marrow response or decreased spleen size are often
expected with successful azanucleoside therapy inMDS,14 tyrosine-
kinase inhibitors in CML,50-52 or ruxolitinib inMF,8-10 so cytopenias
alone cannot constitute attribution of disease progression.

Genemutation testing has begun to change the waywe diagnose
and risk stratifyMDS/MPN. For example, the vastmajority of these
disorders harbor 1 or more gene mutations that are more common
in specific subtypes of MDS/MPN such as SETBP1 in atypical
CML, SF3B1 and JAK2 in RARS-T, and SRSF2 and c-CBL in
CMML.29,32,35,36,47 It is still unclear how and which molecular or
cytogenetic changes most directly influence progression in each
MDS/MPN subtype and the potential value of therapies that can
reduce allelic burden. Cytogenetic remission in the setting of mor-
phologic CR implies resolution of previous chromosomal abnor-
malities identified by metaphase karyotyping, or fluorescence in
situ hybridization (FISH). Cytogenetic and molecular relapse are
listed as minor criteria for progression (Table 2) if the clonal burden
of a previously present cytogenetic abnormality increases by 50%.
Presence of18, abnormalities of chromosome 7, complex karyotype,
or mutations in ASXL1, SETBP1, and EZH2 are clonal findings
that adversely influence disease prognosis in MDS/MPN.21,30,35,53

Additional mutations that adversely affect prognosis will surely be
validated in the near future. Likewise, new methods to assay pro-
gnostic findings will be more widely available; for example, in the
absence of sufficient metaphases for traditional karyotype analysis,
single nucleotide polymorphism arrays have proven utility in MDS/
MPN, and next-generation sequencing-based approaches are likely
to become a routine tool in the clinical workup of MDS/MPN.54

Although a progressive change in burden of mutant alleles might in
the future be used as a criterion for progressive disease or molecular
response, we have intentionally deemphasizedmolecularmonitoring
in this proposal because of current uncertainties about the sig-
nificance of changes in clonal and subclonal architecture. We rec-
ommend that definitions of molecular remission should only be
made in the context of morphological and cytogenetic remission at
this time. We strongly encourage sequential molecular monitoring
in future clinical trials involving MDS/MPN patients in the hope
that this brings clarity to the manner by which these data are used in
assessing response to therapy.

Conclusion

The dual findings of dysplastic and proliferative features in these stem
cell malignancies define the unique challenges of the MDS/MPNs.
Properly conducted clinical trials will assess response to new agents
and influence management strategies to extend survival or improve
quality of life. It is anticipated that these initial recommendations will
require further refinement as our understanding of the disease biology
improves. Though we recognize the heterogeneity of these disease
phenotypes, we hope to validate these criteria in all MDS/MPN in

adults (not JMML). We look forward to standardizing outcome
evaluation and reporting in clinical trials and fostering reliable
comparisons of the impact of new therapies forMDS/MPNwith the
response assessment guidelines proposed herein.
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