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Most myelofibrosis (MF) drug approvals by Health Authorities are based on 1 or 2 outcome measures such as spleen volume
reduction and/or improved quality of life. This 1–2 dimensional approach fails to capture the clinical complexity of MF. A European
LeukemiaNet (ELN) task force developed a composite endpoint that allows multiple outcomes to be simultaneously measured. The
panel used the Desirability Of Outcome Ranking (DOOR) method to assign 25 outcomes into 4 quartiles based on a multi-
dimensional desirability score and build a 5-layer composite outcome named Desirability of Myelofibrosis Outcomes (DEMYO).
Outcome operational definitions were tested by Delphi consensus, and correlations with survival were validated by a literature
review. The outcomes assigned to the first two quartiles were negatively correlated with leukemia-free survival and survival. DEMYO
comprehensively captures relevant MF clinical features and meaningful endpoints. Despite DEMYO requiring validation based on
available trial data, it is expected to improve the quality of Health Authority approvals for new drugs for MF.
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INTRODUCTION
Myelofibrosis (MF) is a complex disease with diverse adverse
health-related features [1]. Most recent drug approvals by Health
Authorities were based on 1–2 surrogate endpoints such as spleen
volume and/or improved quality of life (QoL). This limited
approach does not allow to estimate how many people benefit
from a new MF drug [2].
A European LeukemiaNet panel developed a composite end-

point for approval of new MF drugs by Health Authorities using
the Desirability Of Outcome Ranking (DOOR) method, which
supports the development of a stratified multi-level composite
endpoint by selecting the most relevant endpoints and the most
appropriate combination rule [3]. Using the DOOR method, the
panel developed a five-layered composite outcomes measure
termed Desirability of Myelofibrosis Outcomes (DEMYO). Results
are described below.

MATERIALS AND METHODS
The panel consisted of 14 key opinion leaders from 5 European countries
and the US. The project adhered to the DOOR method (Fig. 1), which ranks
patient health statuses according to different outcomes that occurred
during the observation period. DOOR therefore ranks different Event-Free

Survival statuses according to the severity of the events. Patients who
survive free of both severe and less severe events are assigned a higher
rank than patients who survive free of severe events but incur moderate or
mild events. Therefore, the DOOR method requires first that the
“desirability” of the events is settled. However, the desirability of a clinical
event has several dimensions, and points of view may differ on its relative
weight for the patient. Therefore, outcome desirability is usually broken
down into components. Subsequently, each outcome is matched to the
dimensions of desirability. This match allows us to finally assign a score to
each outcome and rank the outcomes into severe, moderate, or mild.

First phase: definition of outcome desirability
The initial phase DOOR method requires listing the criteria for judging
“desirability” of outcomes (Fig. 2). The panelists listed and ranked 8
dimensions of outcome desirability (Supplementary Table 1): (1) modifia-
bility; (2) reliability; (3) decisional value; (4) feasibility; (5) meaningfulness
(to patients); (7) frequency; and (8) cost. We adapted the list and definition
of the above dimensions based on several initiatives devoted to the value
of cancer care developed by the American Society of Oncology, the
European Society of Medical Oncology, and the Canadian Center for
Applied Research in Cancer Control.
Next, a weight was assigned to each dimension using the mean score

assigned by the panelists: the score was based on a semi-quantitative
Likert scale ranging from 1 (absolutely poorly relevant) to 7 (absolutely
very relevant). The desirability dimensions scoring >6 were assigned a
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weight of 8, those scoring 4 to 6, 3, and those scoring <4 to 1
(Supplementary Fig. 1). Weights were assigned to maximize the rank
difference among the dimensions.

Second phase: outcome ranking based on their desirability
Next, the panel agreed on a list of 25 clinical outcomes most frequently
reported in clinical trials. Based on the list, panelists appraised which
desirability dimension was accomplished by each outcome. In the 3rd step,
a weighted score for each outcome was calculated (Supplementary Table
2) based on weights assigned to a dimension and accomplishment rates
assigned to outcomes (Supplementary Table 3). The score for each
outcome was a weighted average of the accomplishment rates for the
eight desirability dimensions. Therefore, each percentage of accomplish-
ment (outcome-dimension) was multiplied by a weight of 8, if the assessed
dimensions were “meaningfulness,” “modifiability,” “reliability,” or “feasi-
bility” (Supplementary Fig.1). The percentages of accomplishment of the
outcome to “decisional value” and “acceptability” were multiplied by a
weight of 3, while the percentages of accomplishment of the remaining
outcomes were multiplied by a weight of 1. Finally, the mean of
“weighted” accomplishment rates was calculated (Supplementary Table 2).
Based on the weighted score, outcomes were ranked into quartiles

(Q1–Q4) (Supplementary Fig. 2): Q1 outcomes were the most desirable
goals of therapy and included the most severe events or conditions, while
Q3 and Q4 outcomes were mild events or conditions (Fig. 3). To limit the
number of layers, Q4 outcomes were not further considered. Grade 3-4
non-hematologic adverse effects were not specifically addressed because
of their rarity and heterogeneity according to the ongoing treatment. The
standard 24-week time frame was the time point to assess outcomes.

Fig. 1 DOOR grades disease-related health status from the worst
state (rank 0) to the best one (rank 4) based on the number and
severity of the reported events (e.g., vascular events) occurring
during the observational time frame or the conditions reported at
the end of the time frame (e.g., transfusion-dependent anemia).

Fig. 2 The phases of DEMYO project.

Fig. 3 Q1–Q3 make the quartile ranks to which outcomes were assigned. Q1 includes top-ranked outcomes, namely the most relevant
ones.

M. Marchetti et al.

2

Blood Cancer Journal          (2025) 15:207 



Phase 3: outcome layer construction
Next, a 5-layer outcome was composed. Each layer was named DEMYO
(Desirability of Myelofibrosis Outcome): death (DEMYO-0) was the least
desirable layer, while DEMYO-4 was the most desirable one since it
included people free of Q1, Q2 and Q3 outcomes (Fig. 4), that is free of
blast phase, accelerated phase, thrombotic or bleeding events, and also
free of relevant or worsening cytopenias or symptoms. In addition, patients
in the DEMYO-4 state are also free of emergent adverse genetic
abnormalities or increased blast count, which are known to dramatically
reduce their chances of survival. As shown by Fig. 4, the higher the number
of undesirable outcomes the patient is free of, the more his status is
desirable. Therefore, DEMYO-3 was a less desirable health status, since it
includes people free of Q1 and Q2 outcomes, but not free of Q3 outcomes.
DEMYO-2 was even less desirable, since it hosts people free of Q1
outcomes, but possibly complaining of severe or worsening symptoms,
worsening anemia, or having incurred an accelerated phase. At last,
DEMYO-1 does not grant freedom from Q1 outcomes, therefore hosts
patients who incurred blast phase transformation, severe vascular events,
or major bleedings. DEMYO-1 also includes those MF individuals who
complain of very severe symptoms and/or severe thrombocytopenia
(Fig. 4).

Phase 4: endpoint definition
Lastly, the panel provided operational definitions for each outcome to
formulate “measurable endpoints.” Operational definitions were tested by
a Delphi consensus method (Google module). Definitions with <75 per
cent had a 2nd round of voting. A virtual meeting refined some definitions.
Common terminology criteria for adverse events (CTCAE) version 5.0 [4],
WHO and ICC diagnostic criteria [5, 6], ISTH major bleeding [7], and other
standard definitions, such as IWG-MRT response criteria [8], were used
where appropriate. Some formerly adopted definitions were modified
including (1) “severe” splenomegaly [9, 10]; and (2) severity of symptoms

according to Myelofibrosis Symptom Assessment Form (MF-SAF) [10–12]
(Supplementary Table 4).

Phase 5: validation
Outcomes ranking was validated by assessing correlations with leukemia-
free survival and survival (Supplementary Table 5). An EMBASE search of
publications since 2015 was done with the Boolean search terms “survival
AND myelofibrosis”.

RESULTS
Outcome desirability
The panelists ranked “clinical meaningfulness” and “modifiability”
as the dominant features of a “desirable treatment outcome.” An
average score >6 (out of 7, the highest value in the semi-
quantitative Likert scale) was also achieved by outcomes “reliability”
and “feasibility.” Consequently, the above 4 desirability dimensions
were assigned the highest weight, while “cost” and “frequency” of
the outcomes were considered not relevant and therefore did not
receive an additional weight (Supplementary Fig. 1).

Outcome ranking
In the next DOOR phase, an accomplishment rate was estimated
for each outcome-dimension pair (Supplementary Table 3) and
multiplied by the dimension weight (Supplementary Table 1). A
weighted score was then calculated for each outcome by
averaging the “refined accomplishment rates” across the 8
dimensions (Supplementary Fig. 2) [13]. The weighted score
ranged from 15.25 to 32.18, and outcomes could be assigned to
“desirability quartiles” Q1–Q4 (Fig. 3). Severe cytopenias, very

Fig. 4 DEMYO 0 represents dead individuals, while DEMYO-4 is the most desirable health status since it hosts patients free of Q1, Q2,
and Q3 outcomes. DEMYO-4 patients survived free of overt severe or worsening clinical features and also free of breakthrough adverse
genetic features or worsening markers. A less desirable health status is DEMYO-3: this layer collects patients surviving the trial period free of
Q1 and Q2 outcomes, but incurring one or more Q3 outcomes. Such patients do not complain of severe or worsening symptoms or severe
cytopenias, but present unfavorable clinical or genetic trajectories heralding transformation or worsening. DEMYO-2 is an even less desirable
status: this outcome layer includes patients who survived free of Q1 outcomes (blast transformations, transfusion-dependent anemia, severe
thrombocytopenia, very severe symptoms, severe vascular or bleeding events). However, DEMYO-2 patients have incurred one or more Q2
outcomes and might therefore complain of severe splenomegaly or worsening symptoms. Patients assigned to DEMYO-1 survived but
complained of at least one Q1 outcome. VAF variant allele frequency. Incipient transformation points to patients with an increased circulating
blast count above 5% confirmed after 4 weeks with no therapy change.
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severe symptoms, transformation to blast phase, and severe
vascular or bleeding events were all top-ranked and were
therefore listed in the first quartile, e.g., Q1. Mild or moderate
cutopenias showing a worsening trajectory were assigned an
intermediate score and were ranked to Quartile Q2. Severe or
symptomatic splenomegaly was also assigned an intermediate
score and ranked Q2. Differently, persistent cytopenias that were
not severe or worsening were assigned a lower score and were
therefore ranked in the third quartile, e.g., Q3.

DEMYO composite outcome
Based on the quartile outcome assignment, we built 5 layers for
the DEMYO composite outcome (Fig. 4). DEMYO-4 represents
survival free of all the relevant events or undesirable conditions
listed in Q1, Q2, or Q3. Therefore, patients in DEMYO-4 survived
free of transformation and do not show an increased blast count,
e.g., an incipient transformation. Moreover, DEMYO-4 patients
survived free of anemia and free of severe thrombocytopenia, and
they are also free of severe or worsening symptoms and of severe
or symptomatic splenomegaly. In addition, DEMYO-4 patients did
not incur any clinically relevant thrombotic or bleeding event in
the observation period. Finally, DEMYO-4 patients also proved free
of worsening prognostic features, such as worsening thrombocy-
tosis, no decline of founder mutation variant allelic frequency, and
no breakthrough high-risk genetic features (newly detected
adverse karyotypic features or newly detected high-risk mutation
with an allelic burden higher than 2%).

Rather, patients assigned a DEMYO-2 state proved free only of
those outcomes that impose a huge burden to their QoL (e.g., very
severe symptoms) or an immediate survival risk(e.g., blast phase
transformation, severe cytopenias, severe vascular events).

Validation
Our literature search found a consistent correlation with survival of
most or all outcomes included in Q1–Q3 (Supplementary Table 5)
[14]. Lastly, DEMYO outcomes were operationally defined (Table 1)
to facilitate applicability as a composite multilayer trial endpoint.

DISCUSSION
Endpoints used to approve new drugs for MF do not capture the
complexity of the disease [15, 16]. We developed a composite
endpoint that allows multiple outcomes to be simultaneously
measured using the DOOR method. The DEMYO categories
comprehensively capture relevant MF clinical features and mean-
ingful endpoints and should improve the design of clinical trials
and ameliorate the criteria for approvals of new MF drugs.
We anticipate several advantages of using DOOR and DEMYO.

1st, DEMYO overcomes the limited value of survival-based
outcomes [17]. 2nd, DOOR-based composite outcomes include
response rates. 3rd, the hierarchy was robust, and most of the
selected outcomes correlated with survival.
Our study has some limitations. The replicability of DEMYO

ranking is limited by the length and complexity of the process. In

Table 1. DEMYO (DEsirability of MYelofibrosis Outcomes) endpoint definitions.

Q1 outcomes Endpoint definition

Transformation to blast phase Circulating or bone marrow blasts ≥20%

Severe vascular event Stroke, pulmonary embolism

Clinically relevant bleeding Symptomatic bleeding at criticala sites and/or causing hemoglobin fall by >2 g/dl or need for blood
transfusions

Severe anemia Hemoglobin level below 8 g/dl confirmed by at least one additional test, and without any
documented external cause

Severe thrombocytopenia Platelet count below 50,000/mmc confirmed by at least one additional test and without any
documented external cause

Very severe symptoms MF-SAF cumulative score above 40 or higher than 7 in at least 3 dimensions

Q2 outcomes

Accelerated phase Circulating or bone marrow blasts 10–19%

Major thrombotic event Myocardial infarction, deep venous thrombosis

Worsening anemia Progressive and confirmed hemoglobin decline (in less than 12 months) by more than 2 g/dl to below
11 g/dl

Severe or symptomatic splenomegaly Severe splenomegaly: Spleen volume above 1500/mmc, spleen diameter longer than 20 cm, palpatory
spleen size more than 10 cm from the left costal margin
Symptomatic splenomegaly: Abdominal discomfort (MF-SAF v 2.0 score higher than 5) or early satiety
(MF-SAF v 2.0 score higher than 5) associated with objective evidence of splenomegaly

Severe symptoms MF-SAF v 2.0 above 30 or at least 2 dimensions >7

Worsening symptoms MF-SAF v 2.0 increasing by more than 50% (or by >10 points)

Breakthrough high-risk genetic features Newly detected adverse karyotypic features:
Newly detected high-risk mutation with an allelic burden higher than 2%:

Q3 outcomes

Incipient transformation Circulating blasts 5–9%

Persistent anemia Irrespective of the severity or worsening trend

Unfavorable genetic trajectories Lack of decline in the allelic burden of the founder mutation
Newly detected adverse karyotypic features:
Newly detected high-risk mutation with an allelic burden higher than 2%

Worsening thrombocytosis Persistent and progressive increase of platelet count above 400,000/mmc
aCritical bleedings include intracranial, intraspinal, intraocular, retroperitoneal, intra-articular, pericardial events, and intra-muscle hemorrhage with
compartment syndrome.
MF-SAF Myelofibrosis Symptom Assessment Form.
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addition, the independent role of some components of the
DEMYO framework cannot be ascertained from the available
literature: we expect future DEMYO versions might be refined
according to new evidence [18–24]. Moreover, trial design and
analysis based on DOOR-based outcomes can be pursued by the
DOOR statistic tool (https://methods.bsc.gwu.edu/), but simulation
of DEMYO outcomes requires raw data from clinical trials, which
were not available during this project [13]. Therefore, a simulated
DOOR analysis of a randomized trial was included in Supplemen-
tary Fig. 3. Finally, validation of the DEMYO survival predictive
yield was not completed: DEMYO prognostic value based on real-
life or trial data might increase confidence in outcome robustness.
Therefore, we are encouraging DEMYO post-hoc analysis of both
completed and ongoing clinical trials and real-world studies, since
most of the DEMYO component outcomes are routinely collected.
We are constructing an app allowing direct bridging of raw data to
the DEMYO assessment.
In conclusion, the DEMYO composite endpoints reflect end-

points important to physicians and people with MF. DEMYO
endpoints should be validated in clinical trials and, if validated,
used as the basis of future Health Authority approvals of new
MF drugs.

DATA AVAILABILITY
All data are in the Supplementary files.
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