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The clinical phenotype of primary and post–polycythemia
vera and postessential thrombocythemia myelofibrosis
(MF) is dominated by splenomegaly, symptomatology, a
variety of blood cell alterations, and a tendency to
develop vascular complications and blast phase. Diag-
nosis requires assessing complete cell blood counts,
bone marrow morphology, deep genetic evaluations,
and disease history. Driver molecular events consist of
JAK2V617F, CALR, and MPL mutations, whereas about
8% to 10% of MF are “triple-negative.” Additional
myeloid-gene variants are described in roughly 80% of
patients. Currently available clinical-based and inte-
grated clinical/molecular-based scoring systems predict
the survival of patients with MF and are applied for
conventional treatment decision-making, indication to
stem cell transplant (SCT) and allocation in clinical
trials. Standard treatment consists of anemia-oriented
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therapies, hydroxyurea, and JAK inhibitors such as
ruxolitinib, fedratinib, and pacritinib. Overall, spleen
volume reduction of 35% or greater at week 24 can
be achieved by 42% of ruxolitinib-, 47% of fedratinib-,
19% of pacritinib-, and 27% of momelotinib-treated
patients. Now, it is time to move towards new para-
digms for evaluating efficacy like disease modification,
that we intend as a robust and unequivocal effect on
disease biology and/or on patient survival. The growing
number of clinical trials potentially pave the way for
new strategies in patients with MF. Translational
studies of some molecules showed an early effect on
bone marrow fibrosis and on variant allele frequencies
of myeloid genes. SCT is still the only curative option,
however, it is associated with relevant challenges. This
review focuses on the diagnosis, prognostication, and
treatment of MF.
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Introduction
Myelofibrosis (MF) consists of 2 entities: primary MF (PMF) and
post–polycythemia vera (PPV) and post–essential thrombocy-
themia (PET) MF, also known as secondary MF (SMF).1 MF is a
myeloproliferative neoplasm (MPN) with a clinical phenotype
dominated by splenomegaly, constitutional symptoms, a variety
of blood cell alterations, and a tendency to develop vascular
complications and blast phase (BP).2

Perturbation of the JAK/STAT signaling pathway is the hall-
mark of MF. This finally leads to hematopoietic stem defects
with abnormal proliferation of megakaryocytes, which fail the
hematopoietic transcription factor GATA1 expression and of
granulocytes. Consequently, secretion of inflammatory cyto-
kines results in myeloproliferation, increased bone marrow
fibrosis (BMF), and extramedullary hematopoiesis.3 Besides
this pathway, others are involved in MF, some of whom are
druggable. Two-thirds of patients with PMF harbor the
JAK2V617F mutation, one-quarter have CALR mutations, and
10% have each MPLmutation or “triple-negative” (TN) status.3

In addition, roughly 80% carry additional myeloid-gene vari-
ants.3 Although all patients with PPV-MF carry JAK2mutations,
nearly half of patients with PET-MF displayed JAK2V617F,
30% CALR, and around 5% to 10% MPL mutations or TN
status.4
The current treatment landscape of MF consists of anemia-
oriented therapies, hydroxyurea (HU), JAK inhibitors (JAKis),
such as ruxolitinib (RUX), fedratinib (FEDR), pacritinib (PAC), and
momelotinib (MMB), and allogenic stem cell transplantation
(SCT) with a growing number of clinical trials. This review
focuses on the diagnosis, prognostication, and treatments of
PMF and PPV/PET-MF.

Diagnostic criteria
The International Consensus Classification (ICC) of hematolog-
ical malignancies and the fifth edition of the World Health
Organization classification, recently published, kept MF within
the “classic” BCR::ABL1-negative MPNs.1,5

The 2022 World Health Organization classification remains
mostly unchanged compared with the fourth edition.5 It rec-
ognizes JAK2, CALR, and MPL gene variants as driver events,
TET2, ASXL1, and DNMT3A genes as involved in over half of
the patients with MF, and mutations affecting splicing regula-
tors and regulators of chromatin structure, epigenetic functions,
and cellular signaling as less common.5

The ICC reports tables of diagnostic criteria for PMF and PPV/
PET-MF (Table 1) and strengthens the role of morphology
by looking at megakaryocytic atypia as well as the typical
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Table 1. Diagnostic criteria for PMF and SMF, by the 2022 ICC

Diagnosis
PMF, early/prefibrotic

stage (pre-PMF)
PMF, overt fibrotic
stage (overt PMF) PPV-MF PET-MF

Major/required
criteria

Megakaryocytic proliferation and
atypia, BMF grade <2

Increased age-adjusted BM cellularity,
granulocytic proliferation, and (often)

decreased erythropoiesis

Megakaryocytic proliferation and
atypia, accompanied by reticulin and/or

collagen BMF grade 2 or 3
BMF grade 2 or 3

JAK2, CALR, or MPL mutation, or the presence of another clonal marker, or
absence of reactive BM reticulin fibrosis

Previous established diagnosis of PV/ET
Diagnostic criteria for ET, PV, BCR::ABL1-positive CML, myelodysplastic

syndromes, or other myeloid neoplasms not met

Minor/additional
criteria

Anemia not attributed to a comorbid condition Anemia*

Leukoerythroblastosis Leukoerythroblastosis

Palpable splenomegaly
Palpable splenomegaly: newly or increased

of >5 cm from BL

Leukocytosis ≥11 × 109/L

Development of ≥2 constitutional
symptoms: >10% weight loss in 6 mo,

night sweats, unexplained fever
(>37.5◦C)

LDH level above the range
LDH level above

the range

The diagnosis of pre-PMF or overt PMF requires all 3 major criteria and at least 1
minor criterion confirmed in 2 consecutive determinations

The diagnosis of PPV-MF or PET-MF is
established by both required criteria and

at least 2 additional criteria

BL, baseline; BM, bone marrow; BMF, bone marrow fibrosis; CML, chronic myeloid leukemia; ET, essential thrombocythemia; LDH, serum lactate dehydrogenase; PV, polycythemia vera.

*For PPV-MF, also a sustained loss of requirement of phlebotomies or cytoreduction; for PET-MF a >2 g/dL decrease from BL hemoglobin value
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MF-pattern of age-related cellularity, erythropoiesis and gran-
ulopoiesis modifications, and BMF.1 Finding dense clustering of
megakaryocytes was stated not elusive of ET.1 Notably, the ICC
indicates to assess driver mutations with assays having a minimal
variant allele frequency (VAF) sensitivity of 1% and to search for
noncanonical JAK2/MPL mutations in TN cases and for coexist-
ing canonical CALR/MPL mutations in low–JAK2-VAF cases.1,6

Overall, morphological bone marrow (BM) assessment in MF
remains constrained by a reliance on subjective and qualitative
criteria. Recently, convolutional neural networks applied to a
large data set of microscopic cytological images taken from BM
smears of hematological diseases outperformed previous
feature-based approaches.7 MF morphological features in the
slide analysis could be captured by applying computational
methods, such as deep learning.8
024
Outcome
The median survival of the prefibrotic PMF, overt PMF, and SMF
populations is about 14 years, 6 to 7 years, and 9 years,
respectively.2,9,10 Major increased risk of mortality stemmed from
myeloid malignancies, with a high rate of infection- and
cardiovascular-related deaths,11 driven by disease morbidity.12,13

In the last decades, improvements in survival have been
registered, starting with the pivotal report of the International
Prognostic Scoring System (IPSS) investigators14 and continuing
with a recent analysis of the Surveillance, Epidemiology, and End
User Results database.15 Earlier diagnosis, deeper knowledge of
MYELOFIBROSIS
pathogenesis, shared criteria for SCT-candidate selection, wide
use of JAKis, and better supportive care are the main contribu-
tors to this improvement.

Prediction of survival
The IPSS model was introduced in 2009 and applied in clinical
practice and clinical trials.2 The updated National Compre-
hensive Cancer Network guidelines (version 3.2022) indicate to
use the risk models reported in Table 2,16 namely, the mutation-
enhanced IPSS (MIPSS-70)17 or MIPSS-70+ version 2.0,18 the
dynamic IPSS (DIPSS+)19 if absent molecular testing or the
DIPSS if absent karyotyping20 in PMF, and the MF secondary to
polycythemia vera and essential thrombocythemia prognostic
model (MYSEC-PM, www.mysec-pm.eu) in SMF.10 This multi-
tude of models reflects the magnitude of knowledge accumu-
lated over the last few years.

DIPSS assessment is easy to apply and timely available,20

whereas others require technology and an execution time of 2
to 4 weeks because they include molecular testing and/or
karyotyping.10,17-19 Although the DIPSS/DIPSS+/MYSEC-PM
models evaluated patients of all ages,10,19,20 the MIPSS-70
was designed for SCT decision-making with a training cohort
of ≤70 years.17 Clinical parameters such as advanced age,
degree of anemia or leukocytosis, circulating blasts, and
constitutional symptoms keep their importance in all models,
whereas thrombocytopenia enriched the DIPSS+, MIPSS-70,
and MYSEC-PM.10,17-20 BMF grade was introduced in the
MIPSS-70 with a known valuable role in survival prediction.9,17

Despite testing cytogenetic is not common in PMF (only half
20 APRIL 2023 | VOLUME 141, NUMBER 16 1955
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Table 2. Prognostic models to predict survival in PMF and SMF

Variables
(weight)

Score

DIPSS DIPSS+ MIPSS-70
MIPSS-70+

version 2.0 MYSEC-PM MTSS

Clinical features Age >65 y (1)

Constitutional
symptoms (1)

Age >65 y (1)

Constitutional
symptoms (1)

RBC transfusions
need (1)

Constitutional
symptoms (1)

Constitutional
symptoms (2)

Age (0.15 × y of
age)

Constitutional
symptoms (1)

Age ≥57 y (1)

Karnofsky
<90% (1)

MMUD (2)

Complete blood
count

Hb <10 g/dL (2)

WBC >25 × 109/L (1)

Blasts ≥1% (1)

Hb <10 g/dL (1)

WBC >25 × 109/L (1)

Blasts ≥1% (1)
PLT <100 × 109/L (1)

Hb <10 g/dL (1)

WBC >25 × 109/L (2)

Blasts ≥2% (1)
PLT <100 × 109/L (2)

Severe anemia* (2)
Moderate anemia† (1)

Blasts ≥2% (1)

Hb <11 g/dL (2)

Blasts ≥3% (2)
PLT <150 ×

109/L (1)

WBC >25 ×
109/L (1)

PLT <150 ×
109/L (1)

Driver mutation
status

Absence of CALR
type 1/like (1)

Absence of CALR
type 1/like (2)

Absence of
CALR (2)

Absence of
CALR/MPL
(2)

Additional
myeloid-gene
mutations

1 HMR (1)

≥2 HMR (2)

1 HMR included
U2AF1Q157 (2)

≥2 HMR included
U2AF1Q157 (3)

ASXL1 (1)

Cytogenetics Unfavorable‡ (1) Unfavorable§ (3)
Very high-risk‖ (4)

BM morphology BMF grade ≥2 (1)

Risk category
(score), median
survival¶

Low (0), NR
Int-1 (1-2), 14.2 y
Int-2 (3-4), 4 y
High (5-6), 1.5 y

Low (0), 15.4 y
Int-1 (1), 6.5 y
Int-2 (2-3), 2.9 y
High (≥4), 1.3 y

Low (0-1), NR
Int (2-4), 6.3 y
High (≥5), 3.1 y

Very low (0), NR
Low (1-2), 16.4 y
Int (3-4), 7.7 y
High (5-8), 4.1 y
Very high (≥9), 1.8 y

Low (<11), NR
Int-1 (11-13),

9.3 y
Int-2 (14-15),

4.4 y
High (≥16), 2 y

Low (0-2), 90%
Int (3-4), 77%
High (5), 50%
Very high (6-9),

34%

BM, bone marrow; BMF, bone marrow fibrosis; DIPSS, Dynamic International Prognostic Scoring System; Hb, hemoglobin; HMR, high molecular risk (one among ASXL1, EZH2, SRSF2, or
IDH1/2); Int, intermediate; MIPSS, Mutation-Enhanced International Prognostic Score System; MMUD, mismatched unrelated donor; MTSS, MF Transplant Scoring System; MYSEC-PM,
Secondary to Polycythemia Vera and Essential Thrombocythemia Prognostic Model; NR, not reached; PLT, platelets; RBC, red blood cells; WBC, white blood cells.

*Hb <8 g/dL in women and Hb <9 g/dL in men.

†Hb 8 to 9.9 g/dL in women and Hb 9 to 10.9 g/dL in men.

‡Complex karyotype or sole or 2 abnormalities including +8, −7/7q-, i(17q), −5/5q-, 12p-, inv(3) or 11q23 rearrangement.

§Chromosomal abnormalities except “very high-risk” (see below) or sole 13q-, +9, 20q-, chromosome 1 translocation/duplication or sex chromosome alterations including -Y.

‖Single/multiple abnormalities of −7, i(17q), inv(3)/3q21, 12p-/12p11.2, 11q-/11q23, +21, or other autosomal trisomies except +8/9.

¶Median survival for DIPSS, DIPSS+, MIPSS-70, MIPSS-70+ version 2.0 and MYSEC-PM; 5-year survival for MTSS.
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of the MIPSS-70 learning cohort),17 60% to 70% and 11% to

22% of patients have a normal and unfavorable karyotype,
respectively.17 Karyotyping has been included in the DIPSS+,19

genetically inspired PSS (GIPSS),21 and MIPSS-70+/versions.18

Once the association between some gene variants and MF
outcome was established, those composing the high molecular
risk (HMR) profile (ASXL1, SRSF2, EZH2, IDH1, and IDH2),22 the
U2AF1Q157 variant or CALR type 1/type 1–like entered the
MIPSS-70/versions,17,18 and the absence of CALR the MYSEC-
PM.10 In the original MIPSS-70 cohort, 80% of individuals did
not disclose CALR type 1 mutations, becoming a very common
risk factor, 31% to 41% carried the HMR genotype, and 8% to
9% had 2 or more HMR mutations.17
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Stratification of patients is relevant for treatment decision-
making (Figure 1), especially for SCT-candidate selection. In
our opinion, PMF models should be simultaneously assessed
and reported in the patients’ clinical chart. To facilitate
this, we developed a PMF-specific web calculator available
at https://pmfscorescalculator.com, including the National
Comprehensive Cancer Network-suggested models. In daily
clinical practice, although survival prediction concordance
among models is reassuring for decision-making (especially
for SCT), the discordance is challenging. As an example, a
52-year-old patient with JAK2-mutated PMF at DIPSS
intermediate-1 (quasi-normal blood cells and symptoms) has
an expected median survival of 14 years. The presence of
PASSAMONTI and MORA
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Anemia

Symptomatic splenomegaly
and/or symptoms 

Monitoring until signs of  progression, or
Clinical trials 

SCT

•
•
•

Full vaccination, testing immune response
COVID-19 pandemic management

Tixagevimab-Cilgavimab prophylaxis, if JAKis/SCT candidate
Early antiviral/MonoAb therapy in mild/moderate Covid-19

Myelofibrosis

SCT eligibility
Physiological age, good PS, not-high CI
MF-related life expectancy less than 5 years1

Need based strategy

Donor available, and
SCT-related survival higher than 5 years2

Short course of RUX/FEDR/PAC
at MTD + anemia-oriented tx

If failure

del(5q)

Len ESAs Dan, or
Thal

Anemia-
oriented

clinical trials

EPO <500
mU/mL

EPO ≥500
mU/mL 

No splenomegaly, and
No symptoms, and
No cytosis/cytopenia

Careful detection of CBC, spleen and 
symptoms, peripheral blasts increase, RBC
transfusion persistency, and RUX dose 

FEDR, if RUX first, or 
Alternative available JAKis, or
Clinical trials

Low risk1

RUX, FEDR, or
Clinical trials

Non-low risk1

HU, or
PEG-IFN, or
Clinical trials

PAC, or
Clinical trials, or
HU

PLT <50x109/L PLT ≥50x109/L

Figure 1. Current management of MF. This algorithm represents our approach to the management of MF with some considerations on COVID-19, SCT selection, anemia-
oriented treatments, and risk-based strategy to control clinical needs of patients. CBC, complete blood count; CI, cormorbidity index; Dan, danazol; del, deletion; EPO,
erythropoietin; ESAs, erythropoiesis stimulating agents; FEDR, fedratinib; HU, hydroxyurea; JAKis, JAK inhibitors; Len, lenalidomide; MF, myelofibrosis; MonoAb, monoclonal
antibody; MTD, maximum tolerated dose; PAC, pacritinib; PEG-IFN, PEGylated-interferon; PLT, platelets; PS, performance status; RBC, red blood cells; RUX, ruxolitinib; SCT,
stem cells transplant; Thal, thalidomide; tx, treatment. 1As for DIPSS/apex (Dynamic International Prognostic Scoring System) or MIPSS-70/apexV2 (Mutation-Enhanced
International Prognostic Scoring System) or MYSEC-PM (Myelofibrosis Secondary to polycythemia vera and essential thrombocythemia-Prognostic Model. 2Low, intermediate
and selected high-risk MTSS (Myelofibrosis Transplant Scoring System) cases.
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BMF grade 2, a normal karyotype, and the ASXL1 mutation
sets the patient within intermediate-risk MIPSS-70 (median
survival, 6-7 years) and high-risk MIPSS-70+V2 (median sur-
vival, 4 years). In such cases, we monthly follow the patient,
start donor search delaying SCT indication at first signs of
clinical progression.

Besides these well-structured models, other factors were
demonstrated to have an association with outcome: increased
BM or circulating blasts, by morphology23,24; increased circu-
lating CD34+ cells and decreased side scatter of neutrophils by
flow cytometry, possibly to be integrated with conventional risk
factors in PMF25; TP53, CBL, or N/KRAS mutations26; myelo-
depletive phenotype in PMF27; frailty status28; quality of life
score29; and some individual comorbidities.30

Prediction of myeloid evolution and cardiovascular
events
Myeloid evolution into BP occurs in 10% to 15% of MF with a
very short survival afterward.4,17,31 Whenever it is requested,
the DIPSS or MIPSS-70/70+ models are useful to predict BP in
PMF.17,31 Additional factors were associated with inferior BP-
free survival as transfusion-requiring anemia, increased levels
of serum interleukin-8 and C-reactive protein, monosomal kar-
yotype, TN status, alterations in RAS/MAPK pathway genes,
RUNX1, CEBPA, and SH2B3 variants.32

Information on cardiovascular events in MF is scant; however, its
incidence is not negligible: 1.6% to 2.2% patients per year in
PMF and 2.3% in SMF.13,33,34 Age over 60 years,
MYELOFIBROSIS
JAK2-signature, and IPSS score resulted in predictors in
PMF,13,33 whereas cytoreductive treatments were protective in
SMF.34 This points out the need to evaluate the use of anti-
platelet therapy in MF while balancing the risk of bleeding. This
latter has been recently estimated at 1.5% patients per year,
with higher IPSS categories and anticoagulants increasing the
risk.33 Pulmonary hypertension is a nonrare event in MPNs,35

requiring a careful monitoring of symptoms with transthoracic
echocardiography in the case of early signals.
Treatment overview
We propose a treatment strategy for patients with MF without
distinguishing PMF and SMF (Figure 1), first positioning SCT,
then planning treatment for anemia control and for spleno-
megaly/symptomatology improvement based on risk stratifica-
tion. Excessive myeloproliferation, that is, leukocytosis and/or
thrombocytosis, is commonly associated with symptomatology
or splenomegaly and managed accordingly; otherwise, HU can
be considered for controlling cytosis. The MOST study showed
that HU has been used in 46% of treated patients at lower risk.36

However, in a study on 40 HU-treated MF, a clinical improve-
ment was reached in 40% of patients with a short duration of
response (DOR) of 13 months.37 Tables 3-6 will present treat-
ment options beyond HU.
Considerations during COVID-19
Patients with MF have worse outcomes after COVID-19,38 with a
potential deleterious effect of unjustified RUX discontinuation
20 APRIL 2023 | VOLUME 141, NUMBER 16 1957



after severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) exposure. Patients receiving RUX have an impaired
immune response to the COVID-19 vaccination.39 Patients with
MF on RUX or around SCT are candidates for antivirals (advised
a reduction of RUX dose with nirmatrelvir/ritonavir) in case of
SARS-CoV-2 exposure and for pre-exposure prophylaxis with
tixagevimab/cilgavimab (if available),40 according to local
variant of concern.
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Anemia-oriented treatments
Anemia represents a challenge in MF management, either
when dominating the clinical phenotype or when accompa-
nying symptoms and splenomegaly, and either because of
disease progression or because of the on-target effect of JAKi.
The aim of improving anemia is, besides quality of life, the
control of the boundary of transfusions with a reduction of iron
overload and its relative consequences, such as infections,
endocrine, liver, and cardiac complications in long-term sur-
vivors. Iron chelation safety and efficacy have not been
extensively investigated in MF. A retrospective study showed
that 48% of 69 patients with MF treated with RUX and defer-
asirox achieved an iron chelation response sustained for
3 months.41

Anemia response is usually defined according to the International
Working Group on Myeloproliferative Neoplasms Research and
treatment (IWGMRT) criteria42: transfusion cessation if previous
RBC transfusion dependency (TD), or hemoglobin increase
≥2 g/dL (modifiable in 1.5 g/dL)43 in case of RBC transfusion
independency (TI).

Erythropoiesis-stimulating agents allowed anemia responses in
53% of 163 patients (29% in patients with TD, 57% in patients
with TI), with a median DOR of 19 months regardless of
concomitant JAKi.44 Anemia response with danazol was
reported in 30% of 50 patients (18% in patients with TD, 43% in
patients with TI).45 Thalidomide or lenalidomide have limited
activity (TI rates of 11% and 16%, respectively).46 Lenalidomide
is effective in patients carrying del(5q).47 Pomalidomide failed
to reach the end point of RBC-TI vs placebo in the RESUME
study.48 Combining pomalidomide with RUX, a phase 2 trial on
89 patients with anemia showed a 1-year IWGMRT-response
rate of 10% to 21%.49

To improve anemia in MF, modification of the cytokines within
the BM microenvironment by targeting TGFβ superfamily was
explored. Luspatercept, a Smad2/3-pathway ligand trap, is
under evaluation vs placebo in the phase 3 INDEPENDENCE
trial (Table 5), after the promising results of the phase 2 study.50

Among 34 patients with TI, 10% and 21% receiving luspa-
tercept as a single-agent or RUX-combined achieved anemia
response.50 Last data on 43 patients with TD showed that 10%
and 27% of patients receiving luspatercept alone or RUX-
combined met anemia response, lasting 49 and 42 weeks,
respectively.51 In these cohorts, 37% and 46% of patients
attained a ≥50% reduction in RBC-transfusion burden.51 Sota-
tercept, another TGFβ superfamily signaling inhibitor, allowed
anemia response in 30% (single-agent) and 32% (RUX-com-
bined) of 56 patients.52
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KER050, a modified ActRIIA ligand trap, elicits effects on late and
early erythroid progenitors and is on-study (Table 6).53 Knock-
down, or loss of ALK2 that leads to decreased hepcidin pro-
duction, is the mechanism of action of the oral small molecule
ALK-2 inhibitor INCB000928 (Table 6).54 An alternative
approach to reduce hepcidin overexpression is explored with
DISC-0974, a humanized monoclonal antihemojuvelin (Table 6).
Among JAKis, a recent report from the MOMENTUM study
(Table 3) comparing MMB vs danazol in symptomatic patients
with anemia showed that MMB attained a TI rate of 31%.55

This effect, already disclosed in the SYMPLIFY trials,56,57 is pre-
dictable as MMB inhibits JAK1/2 and ACVR1, the latter of which
interfering with inflammatory-related hepcidin hyperproduction.
Clinical results of JAKis
The JAKis entered clinical practice: RUX and FEDR are approved
by the Food and Drug Administration and the European Medi-
cines Agency; PAC is Food and Drug Administration-approved,
and this agency accepted the New Drug Application for MMB.
Phase 3 trial results of JAKis in terms of efficacy and safety are
listed in Table 3, mostly including intermediate-2/high-risk
patients. Spleen volume reduction equal to or greater than 35%
(SVR35) and total symptom score reduction equal to or higher
than 50% (TSS50) from baseline to week 24 were mostly the main
end points. No direct comparisons among JAKis exist, except for
RUX vs MMB in the SYMPLIFY-1 trial.56 A meta-analysis showed
that MMB and FEDR had comparable efficacy to RUX.58

To summarize the results in JAKi-naïve patients, SVR35 and
TSS50, respectively, were met in 42% and 46% of RUX-
treated,59 in 47% (36% with 4-week later confirmation) and 40%
of FEDR-treated,60,61 in 19% each of PAC-treated (intermedi-
ate-1, 56%),62 and in 27% and 28% of MMB-treated patients
(intermediate-1, 22%),56 and in 31% to 54% and in 57% to 70%
of jaktinib-treated patients (intermediate-1, 33%).63
Survival effect of JAKis
When looking at data on JAKis and survival, doctors should
consider that registration trials were not designed for studying
this outcome as a primary end point and that matched-
controlled studies have some known limitations (selection
bias), as well as population-based registry studies (complete-
ness and precision of the variables, unmeasured reasons for
starting a treatment, interpretation of sequential treatments, ie,
standard or investigative, post-JAKi discontinuation).

Long-term data from the COMFORT-I/II studies showed a 30%
reduction of mortality in intermediate-2/high-risk patients vs
controls.64 Progression-free survival was significantly prolonged
with FEDR vs placebo in the JAKARTA trial.65 Long-term anal-
ysis of MMB in the SYMPLIFY-1 trial showed a robust 6-year
survival of 56% and, of interest, an association between TI
response and improved 3-year survival.66 When compared with
danazol, MMB showed a trend toward improved survival up to
week 24 in the MOMENTUM trial.55 In contrast, PAC- and BAT
(best available therapy)–treated patients had similar survival in
the very low–platelets setting.67
PASSAMONTI and MORA



Table 3. Results of clinical trials with JAKis in MF

Agent and
primary
targets

Clinical trial
and

numerosity
Key inclusion

criteria
SVR ≥35% at

24 wk
Symptom
reduction

Relevant
toxicities with
agent on study Comments

RUX

JAK1/2

COMFORT-1
phase 3
RUX (n = 155) vs

PBO (n = 154)
RUX 15 mg BID

(PLT 100 ×
109/L-200 ×
109/L) or RUX
20 mg BID (PLT
>200 × 109/L)

≥Int-2 MF
PLT ≥100 ×

109/L
Intolerant or

refractory to
other
available
therapies

41.9% (RUX) vs
0.7% (PBO)

≥50% MFSAF TSS
v2.0 at 24 wk:
45.9% (RUX) vs
5.3% (PBO)

G3/4 anemia: 45.2%
G3/4 thrombocyto-

penia: 12.9%
G3/4 neutropenia:

7.1%
Rate of

nonhematological
toxicities and
discontinuation for
AEs: (11%) like PBO Median OS in pooled

analysis: 5.3 y (RUX) vs
3.8 y (PBO/BAT)

COMFORT-2
phase 3
RUX (n = 146) vs

BAT (n = 73)
RUX initial doses

as in
COMFORT-1

≥Int-2 MF
PLT ≥100 ×

109/L

32% (RUX) vs 0%
(BAT)

EORTC QLQ-C30
mean change
from BL: +9.1
(RUX) vs +3.4
(BAT)

FACT-Lym score
mean change
from BL: +11.3
(RUX) vs −0.9
(BAT)

G3/4 anemia: 42%
G3/4 thrombocyto-

penia: 8%
Any grade diarrhea:

23%
Discontinuation for

AEs 8% (RUX) vs 5%
(BAT)

FEDR

JAK2
JAK1
TYK2
JAK3

JAKARTA
phase 3
FEDR (n = 193) vs

PBO (n = 96)
FEDR 400 or 500

mg QD

≥Int-2 MF
PLT ≥50 × 109/L
JAKI-naïve

36% (FEDR 400
mg with 4 wk
later
confirmation)
and 40% (FEDR
500 mg) vs 1%
(PBO)

≥50% modified
MFSAF TSS at 24
wk: 36% (FEDR
400 mg) and 34%
(FEDR 500 mg) vs
7% (PBO)

G3/4 anemia: 43%
(FEDR 400 mg);
60% (FEDR 500
mg)

G3/4 thrombocyto-
penia: 17% (FEDR
400 mg); 27%
(FEDR 500 mg)

G3/4 neutropenia:
8% (FEDR 400 mg);
18% (FEDR 500
mg)

Frequent GI toxicity
(mostly G1/2)

Encephalopathy in 4
of 97 patients in the
FEDR 500 mg
group

Suspected cases of
Wernicke
encephalopathy (WE) led
to early study termination;
in 2017, however, the
FDA decided to lift the
clinical hold based on
updated clinical data

JAKARTA-2
phase 2
FEDR (n = 97)
FEDR 400 mg

QD

Int-1 with
symptoms,
Int-2 or high-
risk MF

PLT ≥50 × 109/L
RUX resistant,

intolerant

55% (30% with
stringent RUX
failure criteria)

≥50% modified
MFSAF TSS at 24
wk: 26%

G3/4 anemia: 38%
G3/4 thrombocyto-

penia: 22%
Frequent GI toxicity

(mostly G1/2)

FREEDOM
NCT03755518
phase 3b
FEDR (estimated

n = 110)
FEDR 400 mg

QD

Int/high-risk MF
PLT ≥50 × 109/L
RUX exposed

Primary end point Secondary end
point

Out of n = 34
evaluable patients

G3/4 anemia: 21%
G3/4 thrombocyto-

penia: 6%
Modest GI toxicity

(mostly G1/2)

These studies included
prospective strategies for
preventing or mitigating
GI AEs, thiamine level
decreases, and potential
WE

Ongoing

FREEDOM 2
NCT03952039
phase 3
FEDR vs BAT

(estimated
n = 192)

FEDR 400 mg
QD

≥Int-2 MF
PLT ≥50 × 109/L
RUX refractory,

resistant or
intolerant

Primary end point Secondary end
point

Secondary end point

AE, adverse event; BAT, best available therapy; BID, twice daily; EORTC QLQ, European Organization for the research and treatment of cancer quality of life questionnaire; FACT-Lym,
Functional Assessment of cancer therapy-lymphoma; FDA, Food and Drug Administration; G, grade; GI, gastrointestinal; Hb, hemoglobin; HU, hydroxyurea; JAKi, JAK inhibitor; MF,
myelofibrosis; MFSAF, Myelofibrosis Symptom Assessment Form; MPNSAF, Myeloproliferative Neoplasm Symptom Assessment Form; OS, overall survival; PBO, placebo; PLT, platelets;
PN, peripheral neuropathy; QD, once daily; RBC, red blood cells; RP2D, recommended phase 2 dose; SVR35, spleen volume reduction of 35%; TD, transfusion-dependent; TI, transfusion-
independent; TSS, total symptom score.
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Table 3 (continued)

Agent and
primary
targets

Clinical trial
and

numerosity
Key inclusion

criteria
SVR ≥35% at

24 wk
Symptom
reduction

Relevant
toxicities with
agent on study Comments

PAC

JAK2
FLT3
IRAK1
CSF1R
ACVR1

PERSIST-1
phase 3
PAC (n = 220) vs
BAT (n = 107,
excl. JAKi)

PAC 400 mg QD

≥Int-1 risk MF
JAKi-naïve
No exclusions

for cytopenia

19% (PAC) vs 5%
(BAT)

≥50% MPNSAF TSS
at 24 wk: no
significant
benefit vs BAT

G3/4 anemia: 17%
G3/4 thrombocyto-
penia: 12%

G3/4 diarrhea: 5%
Heart failure: 2%

PERSIST-1: 25% of TD
patients achieved TI

Full clinical hold Feb2016/
Jan2017 for fatal
hemorrhagic and cardiac
toxicity concerns, lifted
after updated clinical
data

PERSIST-2
phase 3
PAC (n = 211) vs
BAT (n = 100,
including RUX)

PAC 400 mg QD
or 200 mg BID

≥Int-1 risk MF
PLT <100 ×

109/L
Previously

treated or
JAKi-naïve

48% had prior
RUX and BAT
included RUX
in 45%

18% (PAC) vs 3%
(BAT)

22%, if PAC at
200 mg BID

≥50% MPNSAF TSS
at 24 wk: 25%
(PAC) vs 14%
(BAT)

32%, if PAC at 200
mg BID

Toxicities less
frequent in PAC
BID dosing
compared with QD

Cardiac AEs: 7% at
PAC 200 mg BID
and 13% at PAC
400 mg QD

Intracranial
hemorrhage: 1%
(PAC QD)

PAC203
phase 2
PAC (n = 165)
PAC 100 mg QD
or 100 mg BID
or 200 mg BID

≥Int-1 risk MF
Any PLT count
RUX failure or

intolerance

9.3% (PAC 200
mg BID) vs
1.8% (100 mg
BID) vs 0% (100
mg QD)

16.7%, if PAC at
200 mg BID
and BL PLT
<50 × 109/L

≥50% MPNSAF TSS
at 24 wk: similar
among arms
(around 7.5%)

G3/4 anemia: 20.4%
at 200 mg BID

G3/4 thrombocyto-
penia: 33.3% at
200 mg BID

Common GI toxicity,
mostly G1/2 at PAC
200 mg BID

Uncommon severe
cardiac events and
bleedings

PACIFICA
NCT03165734
phase 3
PAC 200 mg BID
vs physician’s
choice
(estimated
n = 348)

≥Int-1 risk MF
PLT <50 × 109/L
No or limited

exposure to
any JAKi

Primary end point Primary end point Secondary end point

Ongoing

MMB

JAK1
JAK2
ACVR1

SIMPLIFY-1
phase 3
MMB (n = 215) vs
RUX (n = 217)

MMB 200 mg QD

Int-1 with
symptoms,
Int-2 or high-
risk MF

PLT ≥50 × 109/L
JAKi naïve

MMB not inferior
to RUX (26.5%
vs 29%)

≥50% MPNSAF TSS
at 24 wk: MMB
inferior to RUX
(28.4% vs 42.2%)

G3/4 anemia: 6%
G3/4 thrombocyto-
penia: 7%

All grade PN: 10%
TI at 24 wk: MMB

associated with
significantly reduced
RBC transfusions needs

Correlation between TI at
24 wk and OS (trend in
SIMPLIFY-2)

SIMPLIFY-2
phase 3
MMB (n = 104) vs
BAT (n = 52,
89% RUX)

MMB 200 mg QD

Int-1 with
symptoms,
Int-2 or high-
risk MF

Any PLT count
Suboptimal

response,
intolerance to
RUX

MMB not
superior to BAT
(around 7% in
both arms)

≥50% MPNSAF TSS
at 24 wk:

26.2% (MMB) vs
5.9% (BAT)

G3/4 anemia: 14%
G3/4 thrombocyto-
penia: 7%

All grade PN: 11%

MOMENTUM
phase 3
MMB (n = 130) vs
Danazol (DAN,
n = 65)

MMB 200 mg
QD, DAN 600
mg QD

Int/high-risk
symptomatic
MF

Hb <10 g/dL
PLT ≥25 × 109/L
Previous

exposure to
any JAKi

23% (MMB) vs 3%
(DAN)

MFSAF TSS at 24
wk: 32% (MMB)
vs 6% (DAN)

G3/4 anemia: 61%
G3/4 thrombocyto-
penia: 28%

TI at 24 wk: 31% (MMB)
vs 20% (DAN)

AE, adverse event; BAT, best available therapy; BID, twice daily; EORTC QLQ, European Organization for the research and treatment of cancer quality of life questionnaire; FACT-Lym,
Functional Assessment of cancer therapy-lymphoma; FDA, Food and Drug Administration; G, grade; GI, gastrointestinal; Hb, hemoglobin; HU, hydroxyurea; JAKi, JAK inhibitor; MF,
myelofibrosis; MFSAF, Myelofibrosis Symptom Assessment Form; MPNSAF, Myeloproliferative Neoplasm Symptom Assessment Form; OS, overall survival; PBO, placebo; PLT, platelets;
PN, peripheral neuropathy; QD, once daily; RBC, red blood cells; RP2D, recommended phase 2 dose; SVR35, spleen volume reduction of 35%; TD, transfusion-dependent; TI, transfusion-
independent; TSS, total symptom score.
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Table 3 (continued)

Agent and
primary
targets

Clinical trial
and

numerosity
Key inclusion

criteria
SVR ≥35% at

24 wk
Symptom
reduction

Relevant
toxicities with
agent on study Comments

Jaktinib
(JAKT)

JAK2
JAK1
ACVR1
TYK2

NCT03886415
phase 2
JAKT 100 mg

BID vs 200 mg
QD (n = 118)

≥Int-1 risk
symptomatic
MF

PLT ≥75 × 109/L

54.8% (JAKT
100 mg BID),
31.3% (JAKT
200 mg QD)

≥50% MFSAF TSS at
24 wk: 69.6%
(JAKT 100 mg
BID), 57.5% (JAKT
200 mg QD)

G3/4 anemia: ~25%
G3/4 thrombocyto-

penia: ~15%
Increased Hb levels in 36%
of patients with baseline
Hb ≤10 g/dL

NCT04217993
phase 2b
JAKT 100 mg

BID (estimated
n = 43 in the
extended
research part)

≥Int-1 risk
symptomatic
MF

PLT >30 × 109/L
Intolerant to

RUX

Primary end point Secondary end
point

Secondary end point

Ongoing

NCT04851535
phase 2
JAKT 100 mg

BID (estimated
n = 30)

≥Int-1 risk
symptomatic
MF

PLT ≥75 × 109/L
Relapsed,

refractory to
RUX

Primary end point Secondary end
point

Ongoing

NCT04617028
phase 3
JAKT + PBO vs

HU + PBO
(estimated
n = 105)

≥Int-2 MF
JAKi naïve

Primary end point

Ongoing

TQ05105
(TQ)

JAK2

NCT05020652
phase 2
TQ + HU blank

tablets vs TQ
blank tablets +
HU

≥Int-1 risk MF
PLT ≥100 ×

109/L
JAKi-naïve

Primary end point Secondary end
point

Secondary end point

Ongoing

Itacitinib
(ITA)

JAK1

NCT01633372
phase 2
ITA (n = 87)
ITA 100 mg BID

vs 200 mg BID
vs 600 mg QD

≥Int-1 risk
symptomatic
MF

PLT ≥50 × 109/L
Prior JAKi not

excluded

17% (across
doses)

≥50% MFSAF TSS
at 24 wk: 20%
(100 mg BID) vs
29% (200 mg
BID) vs 35% (600
mg QD)

G3/4 anemia: 25%-
38%

G3/4 thrombocyto-
penia: 15%-44%

Fatigue: 28.7%

LIMBER-213
NCT04629508

phase 2
Immediate

release ITA
(RP2D)

≥Int-1 risk MF
PLT ≥50 × 109/L
Previous RUX

and/or FEDR

Primary end point Secondary end
point

Secondary end point

Ongoing

NCT03144687
phase 2
Cohort A: ITA

200 mg QD +
ongoing RUX
at <10 mg BID
(estimated
n = 21)

Cohort B: ITA
600 mg QD
(estimated
n = 21)

PLT ≥50 × 109/L
Cohort A:

patients
already on
RUX <10 mg
BID

Cohort B: RUX
failure or
intolerance

Primary end point Secondary end
point

Secondary end point

Ongoing

AE, adverse event; BAT, best available therapy; BID, twice daily; EORTC QLQ, European Organization for the research and treatment of cancer quality of life questionnaire; FACT-Lym,
Functional Assessment of cancer therapy-lymphoma; FDA, Food and Drug Administration; G, grade; GI, gastrointestinal; Hb, hemoglobin; HU, hydroxyurea; JAKi, JAK inhibitor; MF,
myelofibrosis; MFSAF, Myelofibrosis Symptom Assessment Form; MPNSAF, Myeloproliferative Neoplasm Symptom Assessment Form; OS, overall survival; PBO, placebo; PLT, platelets;
PN, peripheral neuropathy; QD, once daily; RBC, red blood cells; RP2D, recommended phase 2 dose; SVR35, spleen volume reduction of 35%; TD, transfusion-dependent; TI, transfusion-
independent; TSS, total symptom score.
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Management of splenomegaly in patients with
pretreatment thrombocytopenia
Of note, no specific treatment for improving platelet count is
available. Some patients experienced a platelet response with
danazol (23%),45 and with pomalidomide (22%).48 Fostamatinib,
a Syk inhibitor, is under evaluation to merely increase platelets
(Table 6).

All JAKis are available for patients with platelets between
50 × 109/L and 100 × 109/L. Assessing SVR35, 17% of 66 RUX-
treated patients met the outcome in a dose-escalation study
(intermediate-1, 22%),68 36% of 14 FEDR-treated patients in a
JAKARTA subanalysis,69 17% of 72 PAC-treated patients in a
PERSIST-1 subanalysis,62 and 22% of MMB-treated patients in
a MOMENTUM subanalysis (platelets below 150 × 109/L).70

Patients with platelets below 50 × 109/L are at high risk of
bleeding and should not be considered for standard doses of
RUX or FEDR, especially if PAC is available. The PACIFICA trial
with PAC vs BAT is recruiting in this setting (Table 3). In
the PAC203 study, a SVR35 has been achieved in 17% of 24
PAC-treated patients.71 Grade 3 to 4 thrombocytopenia
occurred in 33% of patients, rarely leading to dose reduction or
discontinuation (about 4% each).71 Of note, the platelet limit for
enrollment in the MOMENTUM trial was 25 × 109/L, making
MMB an alternative, if approved.55

Management of splenomegaly in patients with
pretreatment anemia
All anemia-oriented treatments can be added to RUX to bal-
ance JAKi-related anemia with JAKi efficacy. The real challenge
for today’s practice is the prevention of TD, which is not yet
addressed in clinical trials. The REALISE study (intermediate-1,
17%) explored RUX in patients with anemia starting at 10 mg
twice daily with up-titrations, achieving a 56% rate of ≥50%
reduction in spleen length by week 24.72
Table 4. Ongoing phase 3 trials in JAKi-naïve patients with

Agent
Mechanism of
action Clinical trial characteristics

Pelabresib (PELA)
BET inhibitor

MANIFEST-2
NCT04603495
PELA + RUX vs PBO + RUX (estimated n = 400)
PELA 125 mg QD,
RUX 10 or 15 mg BID (based on PLT count)

Navitoclax (NAVI)
BCL-XL/BCL-2

inhibitor

TRANSFORM-1
NCT04472598
NAVI + RUX vs PBO + RUX (estimated n = 230)
NAVI 100 or 200 mg QD, RUX 15 or 20 mg BID (both

on PLT count)

Parsaclisib (PARS)
PI3Kδ inhibitor

LIMBER-313
NCT04551066
PARS + RUX vs PBO + RUX (estimated n = 440)
PARS 5 mg QD, RUX 5 or 15 mg BID (based on PLT

BID, twice daily; DIPSS, Dynamic International Prognostic Scoring System; LCM, left costal marg
reduction of 35%.

1962 20 APRIL 2023 | VOLUME 141, NUMBER 16
New combinations in JAKi-naïve
patients
Limited results with single-agent JAKi prompted a move toward
new combinations in JAKi-naïve patients combining RUX with
non–JAK-target inhibitors. Despite most of these studies have
SVR35 as primary end point, the scientific community nowadays
claims to look at modification in MF biology leading to survival
benefit (disease-modification potential)73 or at least at a robust
and sustained clinical response.

Small molecule pelabresib, navitoclax, and parsaclisib com-
bined to RUX are under investigation vs RUX single-agent in the
phase 3 MANIFEST-2, TRANSFORM-1, and LIMBER-313 trials,
respectively (Table 4). All these trials have a 24-week SVR35 as
their main end point. Results from phase 2 studies are available
for the first 2 agents in this setting.74,75

Pelabresib, an oral BET inhibitor (BETi), was combined with RUX
in the MANIFEST trial (arm 3).74 Within 84 patients (HMR, 55%;
intermediate-1, 24%), SVR35 was attained in 68% (80% anytime)
and maintained in 86%.74 In addition, hemoglobin improved,
and TSS50 was reached in 56%.74 Grade 3 to 4 anemia and
thrombocytopenia were reported in 34% and 12%, respec-
tively.74 Besides the effect on several proinflammatory cytokines,
the combination induced early modifications of BM morphology,
such as ≥1 grade BMF improvement (28%), reduction of mega-
karyocytes (74%), increase of megakaryocyte distance (59%), and
erythroid lineage (47%), all of which correlated with SVR.74

Navitoclax, an oral BCL-XL/BCL-2 inhibitor, was combined with
RUX in the REFINE trial (arm 3).75 Within 32 patients (interme-
diate-1, 31%), SVR35 was met in 63% (78% anytime), 93% of
whom maintained response at 1 year.75 TSS50 was reached in
41% of patients, and 40% of patients experienced anemia
response anytime.75 Grade 3 to 4 anemia and
MF

Key inclusion criteria
Primary end

point

DIPSS Int/high-risk symptomatic MF
PLT ≥100 × 109/L
Spleen volume ≥450 cm3

SVR35 at 24 wk

based

DIPSS+ Int-2/high-risk symptomatic MF
PLT ≥100 × 109/L
Spleen length ≥5 cm below LCM or

volume ≥450 cm3

SVR35 at 24 wk

count)

DIPSS Int/high-risk symptomatic MF
PLT ≥50 × 109/L
Spleen length ≥5 cm below LCM

SVR35 at 24 wk

in; MF, myelofibrosis; PBO, placebo; PLT, platelets; QD, once daily; SVR35, spleen volume
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Table 5. Ongoing phase 3 trials in JAKi-exposed patients with MF

Agent
mechanism of
action

Clinical trial
characteristics Key inclusion criteria Definition of failure to first-line therapy

Primary
end point

Imetelstat (IME)
Telomerase

inhibitor

IMpactMF/MYF3001
NCT04576156
IME vs BAT (excluded

JAKis)
(estimated n = 320)
IME 9.4 mg/kg q21

DIPSS Int-2/high-risk symptomatic
MF

PLT ≥75 × 109/L
Spleen length ≥5 cm below LCM or

volume ≥450 cm3

≥6 mo of JAKi with no spleen/symptoms
reduction

≥3 mo of JAKi at MTD with no spleen/
symptoms reduction

≥3 mo of JAKi at MTD and relapsing
splenomegaly

OS

Navitoclax
(NAVI)

BCL-XL/BCL-2
inhibitor

TRANSFORM-2
NCT04468984
NAVI+RUX vs BAT,

(included JAKis)
(estimated n = 330)

NAVI 100 or 200 mg QD,
based on PLT count

RUX at prior stable dose
or 10 mg BID

DIPSS+ Int-2/high-risk symptomatic
MF

PLT ≥100 × 109/L
Spleen length ≥5 cm below LCM or

volume ≥450 cm3

≥6 mo of RUX, stopped for lack/loss or spleen
response or for relapsed symptom control

≥6 mo of RUX, continued despite relapsed/
refractory status

<6 mo of RUX, with progression/appearance of
splenomegaly

≥1 mo of RUX at ≥15 mg BID to keep efficacy
with RBC units need

SVR35 at 24
wk

Navtemadlin
(NAVT)

MDM2 inhibitor

BOREAS
NCT03662126
NAVT vs BAT (excluded

JAKi)
(estimated n = 385)
NAVT 240 mg QD d 1-7

of 28-d cycle

DIPSS Int/high-risk MF
PLT ≥50 × 109/L
TP53 wild-type

Relapsed to prior JAKi: progressive from BL or
after a response-increased splenomegaly

Refractory to prior JAKi: lack of spleen response
after ≥3 mo

SVR35 at 24
wk

Parsaclisib
(PARS)

PI3Kδ inhibitor

LIMBER-304
NCT04551053
PARS + RUX vs PBO +

RUX (estimated n =
212)

PARS 5 mg QD, RUX on
the ongoing 2-mo
stable dose

DIPSS Int/high-risk symptomatic MF
PLT ≥50 × 109/L
Spleen length ≥5 cm below LCM

≥3 mo of RUX, at stable dose for ≥2 mo
Suboptimal response to RUX: spleen of ≥5 cm

below LCM and active symptoms at the
screening visit

SVR35 at 24
wk

Luspatercept
(LUS)

Activin receptor
ligand trap

INDEPENDENCE
NCT04717414
LUS vs PBO in ongoing

JAKi (estimated n =
309)

LUS 1.33 mg/kg q21

RBC-TD
DIPSS Int/high-risk MF
PLT as approved for the concomitant

JAKi, neither <25 × 109/L nor
≥1000 × 109/L

JAKi for ≥8 mo with stable dose for ≥4 mo, and
requirement of 4-12 RBC units/12 wk up to
randomization

RBC-TI ≥12
wk up to
wk 24

BAT, best available therapy; BID, twice daily; BL, baseline; DIPSS: Dynamic International Prognostic Scoring System; JAKi, JAK inhibitor; LCM, left costal margin; MF, myelofibrosis; MTD,
maximum tolerated doses; OS, overall survival; PBO, placebo; PLT, platelets; QD, once daily; RBC, red blood cells; RUX, ruxolitinib; SVR35, spleen volume reduction of 35%; TD,
transfusion-dependence; TI, transfusion-independence.
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thrombocytopenia were reported in 34% and 47% of patients,
the latter being predictable and manageable (only 1 dis-
continued navitoclax).75 A ≥1 grade improvement in BMF was
obtained in 27% (35% anytime).75

Preliminary data on 10 JAKi-naïve patients (intermediate-1,
40%) treated with RUX plus selinexor, an oral molecule that
binds to and inhibits exportin-1 (Table 6), showed that 4 out of 6
achieved a 12-week SVR35.76
Switching RUX to second-line therapies
The best time to switch therapy has not been established
because of the heterogeneous response to RUX and to the
overall patient benefit despite signs of progression. In our
practice, we switch therapy before RUX activity exhaustion
MYELOFIBROSIS
despite dose adjustment, that is, if worsening of peripheral blood
and blast cells, of spleen size, of symptoms or if persistence of a
huge splenomegaly below 10 cm from left costal margin even
having achieved spleen length reduction exceeding 50%.

Roughly half of patients discontinued RUX at 3 years, mostly for
disease progression or side effects, with a subsequent survival
of 13 months.77 Definition of progression or suboptimal
response can include the IWGMRT criteria (worsening spleno-
megaly, BP)42 and/or worsening anemia, thrombocytopenia,
leukocytosis, and the presence of some mutations.78 To identify
predictors of worse survival after 6 months of RUX, a new
model, named response to RUX after 6 months (RR6), was
developed in the context of no additional JAKis.79 Calculating
palpable spleen length, RBC transfusion need, and RUX dose at
baseline, and after 3 and 6 months of treatment, the RR6 allows
early stratification of survival thereafter.79
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Table 6. Clinical trials recruiting patients with MF

Target
ClinicalTrials.gov
identifier Molecule Mechanism of action Phase Population on study

Apoptosis

NCT04562870 Selinexor Selective inhibition of nuclear
export

2 JAK1/2i-experienced n ≈ 112

NCT03627403
(ESSENTIAL)

Selinexor Selective inhibition of nuclear
export

2 JAK1/2i-experienced n ≈ 56

NCT04562389 Selinexor + RUX Selective inhibition of nuclear
export + JAK inhibition

1/2 JAKi-naïve n ≈ 237

Microenvironment

NCT03895112 AVID200 TGFβ1/3 trap 1 RUX-experienced and RUX-ineligible n = 22

NCT04676529 PXS-5505 Pan LOX inhibition 1/2a RUX/FEDR-naïve and RUX/FEDR
-experienced n ≈ 24

NCT04679870 GB2064 LOXL-2 inhibition 2a JAKi-naïve and JAKi-experienced n ≈ 21

NCT05467800 (MPN-
RC 122)

Canakinumab IL-1β targeting 2 RUX/FEDR ineligible, resistant, relapsed or
intolerant n = 26

NCT05037760
(KER050-MF-301)

KER050 ± RUX ActRIIA ligand trap ± JAK
inhibition

2 JAKi experienced or ineligible (monotherapy)
or in stable RUX dose (combination) n = 110

NCT04455841 INCB000928 ± RUX ALK2 inhibition ± JAK inhibition 1/2 RUX-experienced or ineligible (monotherapy)
or in stable RUX dose (combination) n ≈ 100

TD or symptomatic anemia

NCT05320198 DISC-0974 Hemojuvelin targeting 1b/2a Patients with anemia
JAKi-naïve and JAKi-experienced n = 56

Epigenetics

NCT04480086 Mivebresib
monotherapy,
± RUX or
± navitoclax

BET inhibition ± JAK
inhibition ± BCL inhibition

1b JAKi-naïve or JAKi-experienced + BETi-naïve
n ≈ 130

NCT04454658 ABBV-744 monotherapy,
± RUX or
± navitoclax

BET inhibition ± JAK
inhibition ± BCL inhibition

1b JAKi-naïve or JAKi-experienced + BETi-naïve
n ≈ 130

NCT04817007 BMS-986158
monotherapy,
± RUX or FEDR

BET inhibition ± JAK inhibition 1b/2 n ≈ 192

Signaling pathways

NCT04176198 TP-3654 PIM inhibition 1/2 JAKi-experienced, RUX-, FEDR-ineligible
n ≈ 50

NCT04655118 (TL
895-201)

TL-895 BTX and BMX inhibition 2 JAKi ineligible, resistant, relapsed or
intolerant n = 149

NCT05280509 TL-895 + RUX BTX and BMX inhibition + JAK
inhibition

1b/2 JAKi-naïve and RUX subobtimal responders
n = 70

NCT04640532 (KRT-
232-113)

TL-895 ± Navtemadlin BTX and BMX inhibition ±
MDM2 inhibition

1/2 JAKi-experienced n ≈ 116

NCT04218071
(Actuate 1901)

9-ING-41 ± RUX GSK-3β inhibitor ± JAK
inhibition

2 RUX-naïve and -experienced n ≈ 58

NCT04543279 Fostamatinib ± RUX SYK inhibition ± JAK inhibition 2 Severe thrombocytopenia n = 12

NCT03373877 PU-H71 + RUX HSP90/epichaperome
inhibition + JAK inhibition

1 RUX-experienced n ≈ 24

Monoclonal antibody

NCT04517851 Elotuzumab SLAMF7-targeting 2 Not candidate to JAKi n = 15

BETi, BET-inhibitor; FEDR, fedratinib; JAKi, JAK inhibitor; RUX, ruxolitinib; TD, transfusion-dependent.
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Clinical results of JAKis in
JAKi-pretreated patients
Table 3 illustrates clinical trials with available results in this
setting. FEDR was developed after RUX failure in the JAKARTA-
2 study.80 A recent update with stringent criteria of RUX failure
showed a 30% rate of SVR35 with a median DOR not reached, a
TSS50 rate of 27%, and 1-year survival of 84%.65,81 This result
represents a standard reference for the second-line setting. In
addition, SVR35 was not significantly different between patients
with platelets below or over 100 × 109/L.69 Thiamine testing and
a mitigation plan for gastrointestinal toxicity are recommended
to maintain safety. The FREEDOM 2 trial is exploring FEDR vs
BAT (Table 3).

MMB was found to be nonsuperior to BAT for SVR35, whereas
it was better for TSS50 (26%) in the SIMPLIFY-2 trial.57 How-
ever, secondary transfusion end points were improved, and to
exploit this advantage, the MOMENTUM trial was developed,
reaching SVR35 in 23% of patients.55 Grade 3 to 4 anemia and
thrombocytopenia occurred in 61% and 28% of patients,
respectively, and peripheral neuropathy occurred in 4% of
patients after exclusion of subjects with peripheral neuropathy
grade ≥2.55
t/blood/article-pdf/141/16/1954/2087738/blood_bld-2022-017423-c-m
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Clinical results of non–JAKis as single
agent or combined with RUX in JAKi-
pretreated patients
Table 6 shows ongoing clinical trials. Navitoclax and parsaclisib
each RUX-combined and imetelstat and navtemadlin as single
agents are being assessed vs controls in phase 3 TRANSFORM-
2, LIMBER-304, IMpactMF/MYF3001, and BOREAS trials,
respectively, with different recruitment criteria (Table 5).
IMpactMF has survival as primary end point, however
randomizing imetelstat vs BAT (excluding JAKis).

In the REFINE study (arm 1a), 34 patients (58% HMR, 44%
intermediate-1) received navitoclax added on to RUX.82 At
week 24, SVR35 was achieved by 26% of patients (41%
anytime), with a median DOR of 14 months, whereas TSS50 was
achieved by 30%.82 Anemia response was achieved in 64%, ≥1
BMF grade improvement in 33%, and VAF reductions of 20% or
greater in 28% of HMR and in 17% of non-HMR patients.82,83

Intriguingly, BMF- and VAF-responders live longer compared
with nonresponders (median survival not reached vs 28
months), qualifying for a potential disease-modifying combi-
nation.83 As expected, thrombocytopenia was common, how-
ever reversible, without association to relevant bleedings.82

Navitoclax as monotherapy (arm 2) showed inferior results
compared with the combination.84 Other antiapoptosis agents,
such as the antagonist of inhibitor of apoptosis proteins (IAPs),
SMAC-mimetic LCL-161, was studied in MF.85 Objective
response was yielded in 30% of 50 patients, with reductions of
IAPs in responders.85 Selinexor is under investigation, and
among 12 patients (67% at HMR), 40% achieved SVR35.86

The next-generation PI3Kδ inhibitor parsaclisib was developed
in an add-on phase 2 study in patients with RUX suboptimal
response.87 The combination achieved at least SVR10 in half of
MYELOFIBROSIS
the patients, whereas SVR35 was achieved in 9%, with new-onset
grade 3 to 4 thrombocytopenia in 28%.87 In a subanalysis, 12%
of patients with platelets 50 × 109/L to 100 × 109/L achieved
SVR35.88

Imetelstat, an intravenous telomerase inhibitor, generated
interest because, despite having a low efficacy in terms of
SVR35 (10%) and TSS50 (32%), it disclosed promising biological
effects in the IMbark trial.89 Higher dose imetelstat attained a
≥1 BMF grade improvement (41%), a ≥25% VAF reduction of
driver mutations (42%), and a cytogenetic response (21%).89

Biological responders had a trend toward longer survival
compared with nonresponders.89 Grade 3 to 4 thrombocyto-
penia, anemia, and neutropenia were reported in 41%, 39%,
and 32% of patients, leading to infections in 37% and bleeding
in 17%.89

Once-daily navtemadlin, an oral MDM2 inhibitor, yielded
24-week SVR35 and TSS50 in 16% and 30% of 25 patients,
respectively, in the KRT-232-101 trial.90,91 The most common
treatment-emergent events were diarrhea (62%), nausea (38%),
thrombocytopenia (45%), and anemia (29%).90 Intriguingly,
navtemadlin showed biological effects such as reduction of
circulating CD34+ cells (87%), ≥20% VAF reduction of driver
genes (34%), undetectable VAFs of driver/HMR genes (29%),
and ≥1 BMF grade improvement (27%).91 Although these
achievements correlated with SVR, no association were
reported with survival yet.91

In the phase 2 MANIFEST trial, pelabresib was developed as a
single agent (arm 1) or RUX-combined (arm 2).74,92,93 At week
24, the combination (86 patients, 8% intermediate-1) reached
SVR35 and TSS50 in 20% and 37% of patients, respectively,74

conversion from TD to TI in 16%, and ≥1 BMF grade improve-
ment in 26% (anytime in 39%).74,92 At week 24, monotherapy
(86 patients, 8% intermediate-1) reached a 11% rate of SVR35,
a 28% rate of TSS50, and a conversion from TD to TI in
16% of patients.93 Of interest, 71% of 7 patients with BMF
improvement was found hemoglobin-responder.93 BET inhibi-
tion is considered a promising target in MF, with several mol-
ecules under investigation: ABBV-744, BMS-986158, and
mivebresib (Table 6). The latter 2 are selective BETi designed to
reduce off-target toxicity of pan-BETi.

The epigenetic modifier LSD1 is druggable by bomedemstat
(IMG-7289-CTP-102 trial).94 Results in 89 patients (HMR, 42%)
showed SVR20 in 28% and TSS50 in 24%, keeping hemoglobin
stable in nearly 90% of patients.94 A rate of 31% and 48% of
patients achieved ≥1 BMF grade improvement and a general
VAF fall of 39%, mainly affecting JAK2 and ASXL1.94 Among
epigenetic modifiers, panobinostat combined with RUX ach-
ieved a ≥50% spleen length reduction in 61% of patients
without any biological effect.95
Microenvironment, as a target
BM microenvironment was targeted by PRM-151, a recombi-
nant form of human pentraxin-2, achieving BMF decrease in
one-quarter of patients with marginal effect on splenomegaly,96

and by alisertib, AURKA inhibitor, that failed clinical activity,
despite restoring normal morphology and GATA1 expression of
megakaryocytes.97 Targeting the biogenesis of connective
20 APRIL 2023 | VOLUME 141, NUMBER 16 1965
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tissue, LOXL2 inhibitors are under investigation as it is 9-ING-
41, exploiting its selective GSK-3β inhibition properties to
reverse pathological fibrosis (Table 6).

By neutralizing interleukin-1β-signaling, canakinumab, a human
anti-IL-1β monoclonal antibody, is under investigation (Table 6).
The beta-3 sympathomimetic agonist mirabegron, whereas
failing JAK2-VAF reduction, showed signals of microenviron-
ment modifications.98 Targeting BMF could be more effective
for prevention in the early phases of MF than for intervention in
the late phases.

Signaling pathways, as a target
Targeting the Hedgehog signaling with glasdegib99 or vismo-
degib100 provided modest activity in MF. TL-895, affecting BTK
signalosome, is also interestingly being combined with navte-
madlin, exploiting the synergism of a cell-trafficking modulator
and a cell-death agent (Table 6).
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Immunotherapies
Interferon (IFN) was extensively studied in MPNs. IFN-α
achieved some degree of response in 15 of 30 patients with
lower-risk MF and a spleen size reduction >50% in 4 out of 12
patients with splenomegaly exceeding 4 cm from the left costal
margin.101 A study on 62 patients (53% at lower DIPSS risk)
exposed to PEGylated IFN-α2a for a median time of 3.2 years
reported a median survival from diagnosis of 7.2 years with 73%
discontinuing treatment, approximately half for resistance and
half for intolerance.102 More recently, the COMBI trial investi-
gated PEGylated IFN-α2a plus RUX in 18 MF with a dropout
rate of 32% at the end of 2 years.103 Although the clinical effect
was marginal, reductions in JAK2-VAF were confirmed.103 The
positioning of IFNs seems more plausible in the early phases of
MF. To release the inhibition of immune responses, the PD-1/
PD-L1 axis was investigated without interesting results for
nivolumab (PD-1 inhibitor) and suspension for durvalumab
(PD-L1 inhibitor, NCT02871323) and sabatolimab (TIM-3 inhibitor,
NCT04097821). Among monoclonal antibodies, tagraxofusp,
a CD123-targeted therapy,104 showed modest activity and
elotuzumab, with SLAMF7-target, is under investigation.105

Finally, given the high immunogenicity of the CALR
mutated–derived tumor-specific antigens, a phase I clinical
vaccination trial with a CALR mutated-derived peptide
was developed in 6 CALR-mutated MF.106 Despite a marked
T-cell response, this vaccine was clinically not effective.106 A
study on a mutant CALR-peptide–based vaccine is active
(NCT05025488), and 1 with VAC85135, an off-the-shelf, viral
vector–based cancer vaccine concurrently administered with
ipilimumab, is recruiting (NCT05444530).
Stem cell transplantation
SCT is the only curative option for patients with MF: 1 out of 2
can be cured at 5 years.107 A recent study from the Center for
International Blood and Marrow Transplant Research comparing
retrospectively SCT vs non-SCT cohorts found a survival
advantage with SCT beyond 1 year of treatment for patients
with intermediate-1 or higher risk MF, but at the cost of early
nonrelapse mortality.108
1966 20 APRIL 2023 | VOLUME 141, NUMBER 16
An international effort led by the European Society for Blood
and Marrow Transplantation and the European LeukemiaNet is
currently revising the guidelines on SCT in MF.109

Some items on SCT are core questions in the daily practice: (1)
Patients’ selection. Patients’ age is no longer considered a limit
per se. To note, in a highly selected MF population (Karnofsky
performance status <90% in 42%; hematopoietic cell
transplantation–specific comorbidity index [HCT-CI] ≥3 in 30%)
of 556 patients aged ≥65 years, the 5-year survival and non-
relapse mortality were 40% and 37%, respectively.110 An
assessment of MF-related and post-SCT outcome is mandatory
and should be properly communicated to potential candidates.
It is acceptable to select patients with an expected survival
lower than 5 years (ie, intermediate-2 and high-risk DIPSS or
MYSEC-PM/ high-risk MIPSS-70; Figure 1).109,111 It is ques-
tionable whether to select those with an expected post-SCT
survival lower than 5 years (ie, very high-risk Myelofibrosis
Transplant Scoring System [MTSS],112 Table 2; https://
pmfscorescalculator.com); (2) Splenectomy pre-SCT. A posi-
tion paper from the European Society for Blood and Marrow
Transplantation was recently published.113 (3) Bridge therapy to
SCT. Patients on RUX who achieved clinical improvement at
SCT had a lower risk of relapse (8% vs 19%) and better 2-year
event-free survival (69% vs 54%) compared with those who
did not.114 Hence, we expect that improving clinical results with
new combinations pre-SCT will be of value; and (4) Donor
selection. Five-year probability of survival post-SCT was 56%
with matched sibling donor, 48% with well-matched, and 34%
with partially matched/mismatched unrelated in 233 patients
with MF.107 Preliminary data on haploidentical transplant
demonstrated its feasibility in patients without suitable HLA-
matched donors.115
Conclusions
JAKis represent the first new option for MF management. As a
limit, JAKis do not selectively target the mutated JAK2, and the
on-target inhibition of wild-type JAK2 induces dose-limiting
cytopenias. Most patients fail treatment for disease progres-
sion, and evolution to BP is not abrogated.

New molecules with alternative targets are under study. The
scientific community is asked to design innovative trials, and
we suggest some considerations. First, the study population
should also include patients with early MF to test the possi-
bility of preventing disease evolution: this requires many
patients followed for a long time. Second, the control popu-
lation of clinical trials must reflect the real world, including all
currently available drugs: this can help doctors to better
positioning approved new drugs. Third, to finally translate
into benefit for patients, the primary outcome of clinical trials
could evaluate survival or surrogate markers of survival. In the
last 2 years, some agents or combinations have emerged with
signals of disease modification. However, a word of caution in
the interpretation of these results is needed as these are phase
2 studies enrolling limited patient numbers, no data from
randomized clinical trials are yet available, and information on
the maintenance of biological results over time and on long-
term safety is lacking.
PASSAMONTI and MORA
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2017, 2017WXR7ZT; Myeloid Neoplasms: an integrated clinical,
molecular, and therapeutic approach); and by grants from Fondazione
Matarelli, Milan, Italy.

Authorship
Contribution: F.P. and B.M. contributed to the conception and design of
the review and wrote the manuscript.
MYELOFIBROSIS
Conflict-of-interest disclosure: F.P. received honoraria for lectures and
advisory boards from Novartis, Bristol-Myers Squibb/Celgene, Sierra
Oncology, AbbVie, Janssen, Roche, AOP Orphan, Karyopharm, Kyowa
Kirin, and MEI. B.M. received honoraria for lectures from Novartis.

ORCID profiles: F.P., 0000-0001-8068-5289; B.M., 0000-0002-6325-
3916.

Correspondence: Francesco Passamonti, Department of Medicine and
Surgery, University of Insubria, ASST Sette Laghi, Viale L. Borri 57, 21100
Varese, Italy; email: francesco.passamonti@uninsubria.it.

Footnote
Submitted 22 September 2022; accepted 18 November 2022; pre-
published online on Blood First Edition 23 November 2022. https://
doi.org/10.1182/blood.2022017423.
ade
d from
 http://ashpublications.net/blood/article-pdf/141/16/1954/2087738/blood_bld-2022-017423-c-m

ain.pdf by guest on 06 M
ay 2024
REFERENCES
1. Arber DA, Orazi A, Hasserjian RP, et al.

International Consensus Classification of
myeloid neoplasms and acute leukemia:
integrating morphological, Clinicalc, and
genomic data. Blood. 2022;140(11):
1200-1228.

2. Cervantes F, Dupriez B, Pereira A, et al. New
prognostic scoring system for primary
myelofibrosis based on a study of the
International Working Group for
myelofibrosis research and treatment.
Blood. 2009;113(13):2895-2901.

3. Vainchenker W, Kralovics R. Genetic basis
and molecular pathophysiology of classical
myeloproliferative neoplasms. Blood. 2017;
129(6):667-679.

4. Passamonti F, Mora B, Giorgino T, et al.
Driver mutations’ effect in secondary
myelofibrosis: an international multicenter
study based on 781 patients. Leukemia.
2017;31(4):970-973.

5. Khoury JD, Solary E, Abla O, et al. The 5th
edition of the World Health Organization
classification of haematolymphoid tumours:
myeloid and histiocytic/dendritic neoplasms.
Leukemia. 2022;36(7):1703-1719.

6. Mora B, Siracusa C, Rumi E, et al.
Platelet count predicts driver mutations’
co-occurrence in low JAK2 mutated essential
thrombocythemia and myelofibrosis.
Leukemia. 2021;35(5):1490-1493.

7. Matek C, Krappe S, Münzenmayer C, et al.
Highly accurate differentiation of bone
marrow cell morphologies using deep neural
networks on a large image data set. Blood.
2021;138(20):1917-1927.

8. Sirinukunwattana K, Aberdeen A,
Theissen H, et al. Artificial intelligence-
based morphological fingerprinting of
megakaryocytes: a new tool for assessing
disease in MPN patients. Blood Adv. 2020;
4(14):3284-3294.

9. Guglielmelli P, Pacilli A, Rotunno G, et al.
Presentation and outcome of patients with
2016 WHO diagnosis of prefibrotic and
overt primary myelofibrosis. Blood. 2017;
129(24):3227-3236.
10. Passamonti F, Giorgino T, Mora B, et al.
A clinical-molecular prognostic model to
predict survival in patients with post
polycythemia vera and post essential
thrombocythemia myelofibrosis. Leukemia.
2017;31(12):2726-2731.

11. Dores GM, Curtis RE, Linet MS, Morton LM.
Cause-specific mortality following
polycythemia vera, essential
thrombocythemia, and primary myelofibrosis
in the US population, 2001-2017. Am J
Hematol. 2021;96(12):E451-E454.

12. Landtblom AR, Andersson TM,
Dickman PW, et al. Risk of infections in
patients with myeloproliferative neoplasms-
a population-based cohort study of 8363
patients. Leukemia. 2021;35(2):476-484.

13. Barbui T, Carobbio A, Cervantes F, et al.
Thrombosis in primary myelofibrosis:
incidence and risk factors. Blood. 2010;
115(4):778-782.

14. Cervantes F, Dupriez B, Passamonti F, et al.
Improving survival trends in primary
myelofibrosis: an International Study. J Clin
Oncol. 2012;30(24):2981-2987.

15. Verstovsek S, Yu J, Scherber RM, et al.
Changes in the incidence and overall
survival of patients with myeloproliferative
neoplasms between 2002 and 2016 in the
United States. Leuk Lymphoma. 2022;63(3):
694-702.

16. Gerds AT, Gotlib J, Ali H, et al.
Myeloproliferative Neoplasms, Version 3.
2022, NCCN Clinical Practice Guidelines in
Oncology. J Natl Compr Canc Netw. 2022;
20(9):1033-1062.

17. Guglielmelli P, Lasho TL, Rotunno G,
et al. MIPSS70: mutation-enhanced
international prognostic score system for
transplantation-age patients with primary
myelofibrosis. J Clin Oncol. 2018;36(4):
310-318.

18. Tefferi A, Guglielmelli P, Lasho TL, et al.
MIPSS70+ version 2.0: mutation and
karyotype-enhanced International
Prognostic Scoring System for primary
myelofibrosis. J Clin Oncol. 2018;36(17):
1769-1770.
2

19. Gangat N, Caramazza D, Vaidya R, et al.
DIPSS plus: a refined Dynamic International
Prognostic Scoring System for primary
myelofibrosis that incorporates prognostic
information from karyotype, platelet count,
and transfusion status. J Clin Oncol. 2011;
29(4):392-397.

20. Passamonti F, Cervantes F, Vannucchi AM,
et al. A dynamic prognostic model to predict
survival in primary myelofibrosis: a study by
the IWG-MRT (International Working Group
for Myeloproliferative Neoplasms Research
and Treatment). Blood. 2010;115(9):
1703-1708.

21. Tefferi A, Guglielmelli P, Nicolosi M, et al.
GIPSS: genetically inspired prognostic
scoring system for primary myelofibrosis.
Leukemia. 2018;32(7):1631-1642.

22. Vannucchi AM, Lasho TL, Guglielmelli P,
et al. Mutations and prognosis in primary
myelofibrosis. Leukemia. 2013;27(9):
1861-1869.

23. Masarova L, Bose P, Pemmaraju N, et al.
Clinical significance of bone marrow blast
percentage in patients with myelofibrosis
and the effect of ruxolitinib therapy. Clin
Lymphoma Myeloma Leuk. 2021;21(5):
318-327.e6.

24. Masarova L, Bose P, Pemmaraju N, et al.
Prognostic value of blasts in peripheral
blood in myelofibrosis in the ruxolitinib era.
Cancer. 2020;126(19):4322-4331.

25. Mannelli F, Bencini S, Coltro G, et al.
Integration of multiparameter flow
cytometry score improves prognostic
stratification provided by standard models in
primary myelofibrosis. Am J Hematol. 2022;
97(7):846-855.

26. Luque Paz D, Riou J, Verger E, et al.
Genomic analysis of primary and secondary
myelofibrosis redefines the prognostic
impact of ASXL1 mutations: a FIM study.
Blood Adv. 2021;5(5):1442-1451.

27. Coltro G, Mannelli F, Loscocco GG, et al.
Differential prognostic impact of cytopenic
phenotype in prefibrotic vs overt primary
myelofibrosis. Blood Cancer J. 2022;12(8):
116.
0 APRIL 2023 | VOLUME 141, NUMBER 16 1967

http://orcid.org/0000-0001-8068-5289
http://orcid.org/0000-0002-6325-3916
http://orcid.org/0000-0002-6325-3916
mailto:francesco.passamonti@uninsubria.it
https://doi.org/10.1182/blood.2022017423
https://doi.org/10.1182/blood.2022017423
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref1
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref1
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref1
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref1
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref1
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref1
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref2
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref2
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref2
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref2
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref2
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref2
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref3
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref3
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref3
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref3
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref4
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref4
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref4
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref4
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref4
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref5
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref5
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref5
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref5
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref5
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref6
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref6
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref6
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref6
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref6
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref7
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref7
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref7
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref7
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref7
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref8
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref8
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref8
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref8
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref8
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref8
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref9
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref9
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref9
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref9
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref9
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref10
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref10
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref10
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref10
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref10
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref10
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref11
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref11
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref11
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref11
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref11
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref11
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref12
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref12
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref12
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref12
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref12
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref13
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref13
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref13
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref13
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref14
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref14
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref14
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref14
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref15
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref15
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref15
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref15
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref15
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref15
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref16
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref16
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref16
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref16
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref16
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref17
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref17
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref17
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref17
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref17
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref17
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref18
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref18
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref18
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref18
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref18
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref18
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref19
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref19
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref19
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref19
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref19
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref19
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref19
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref20
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref20
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref20
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref20
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref20
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref20
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref20
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref21
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref21
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref21
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref21
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref22
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref22
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref22
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref22
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref23
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref23
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref23
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref23
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref23
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref23
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref24
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref24
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref24
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref24
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref25
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref25
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref25
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref25
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref25
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref25
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref26
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref26
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref26
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref26
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref26
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref27
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref27
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref27
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref27
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref27


D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/141/16/1954/2087738/blood_bld-2022-017423-c-m

ain.pdf by guest on 06 M
ay 2024
28. Bankar A, Alibhai S, Smith E, et al.
Association of frailty with clinical outcomes
in myelofibrosis: a retrospective cohort
study. Br J Haematol. 2021;194(3):
557-567.

29. Kosiorek HE, Scherber RM, Geyer HL, et al.
Quality of life independently predicts overall
survival in myelofibrosis: key insights from
the COntrolled MyeloFibrosis Study with
ORal Janus kinase inhibitor Treatment
(COMFORT)-I study. Br J Haematol. 2022;
198(6):1065-1068.

30. Sochacki AL, Bejan CA, Zhao S, et al.
Patient-specific comorbidities as prognostic
variables for survival in myelofibrosis. Blood
Adv. 2023;7(5):756-767.

31. Passamonti F, Cervantes F, Vannucchi AM,
et al. Dynamic International Prognostic
Scoring System (DIPSS) predicts progression
to acute myeloid leukemia in primary
myelofibrosis. Blood. 2010;116(15):
2857-2858.

32. Mora B, Passamonti F. Towards a
personalized definition of prognosis in
Philadelphia-negative myeloproliferative
neoplasms. Curr Hematol Malig Rep. 2022;
17(5):127-139.

33. Hernández-Boluda J-C, Pastor-Galán I,
Arellano-Rodrigo E, et al. Predictors of
thrombosis and bleeding in 1613
myelofibrosis patients from the Spanish
registry of myelofibrosis. Br J Haematol.
2022;199(4):529-538.

34. Mora B, Guglielmelli P, Kuykendall A, et al.
Prediction of thrombosis in post-
polycythemia vera and post-essential
thrombocythemia myelofibrosis: a study on
1258 patients. Leukemia. 2022;36(10):
2453-2460.

35. Ferrari A, Scandura J, Masciulli A, et al.
Prevalence and risk factors for pulmonary
hypertension associated with chronic
myeloproliferative neoplasms. Eur J
Haematol. 2021;106(2):250-259.

36. Gerds AT, Lyons RM, Colucci P, et al.
Disease and clinical characteristics of
patients with a clinical diagnosis of
myelofibrosis enrolled in the MOST study.
Clin Lymphoma Myeloma Leuk. 2022;22(7):
e532-e540.

37. Martínez-Trillos A, Gaya A, Maffioli M, et al.
Efficacy and tolerability of hydroxyurea in
the treatment of the hyperproliferative
manifestations of myelofibrosis: results in 40
patients. Ann Hematol. 2010;89(12):
1233-1237.

38. Buske C, Dreyling M, Alvarez-Larrán A, et al.
Managing hematological cancer patients
during the COVID-19 pandemic: an ESMO-
EHA Interdisciplinary Expert Consensus.
ESMO Open. 2022;7(2):100403.

39. Gagelmann N, Passamonti F, Wolschke C,
et al. Antibody response after vaccination
against SARS-CoV-2 in adults with
hematological malignancies: a systematic
review and meta-analysis. Haematologica.
2022;107(8):1840-1849.
1968 20 APRIL 2023 | VOLUME 141, NUM
40. Centers for Disease Control and Prevention.
Pre-exposure prophylaxis with Evusheld.
Accessed 5 September 2022. https://www.
cdc.gov/coronavirus/2019-ncov/hcp/
clinical-care/pre-exposure-prophylaxis.html

41. Elli EM, Di Veroli A, Bartoletti D, et al.
Deferasirox in the management of iron
overload in patients with myelofibrosis
treated with ruxolitinib: The multicentre
retrospective RUX-IOL study. Br J Haematol.
2022;197(2):190-200.

42. Tefferi A, Cervantes F, Mesa R, et al. Revised
response criteria for myelofibrosis:
International Working Group-
Myeloproliferative Neoplasms Research and
Treatment (IWG-MRT) and European
LeukemiaNet (ELN) consensus report.
Blood. 2013;122(8):1395-1938.

43. Gale RP, Barosi G, Barbui T, et al. What are
RBC-transfusion-dependence and
-independence? Leuk Res. 2011;35(1):8-11.

44. Hernández-Boluda J-C, Correa JG,
García-Delgado R, et al. Predictive factors
for anemia response to erythropoiesis-
stimulating agents in myelofibrosis. Eur J
Haematol. 2017;98(4):407-414.

45. Cervantes F, Isola IM, Alvarez-Larrán A, et al.
Danazol therapy for the anemia of
myelofibrosis: assessment of efficacy with
current criteria of response and long-term
results. Ann Hematol. 2015;94(11):
1791-1796.

46. Castillo-Tokumori F, Talati C, Al Ali N, et al.
Retrospective analysis of the clinical use and
benefit of lenalidomide and thalidomide in
myelofibrosis. Clin Lymphoma Myeloma
Leuk. 2020;20(12):e956-e960.

47. Tefferi A, Lasho TL, Mesa RA, et al.
Lenalidomide therapy in del(5)(q31)-
associated myelofibrosis: cytogenetic and
JAK2V617F molecular remissions.
Leukemia. 2007;21(8):1827-1828.

48. Tefferi A, Al-Ali HK, Barosi G, et al. A
randomized study of pomalidomide vs
placebo in persons with myeloproliferative
neoplasm-associated myelofibrosis and
RBC-transfusion dependence. Leukemia.
2017;31(4):896-902.

49. Stegelmann F, Jahn E, Koschmieder S, et al.
Clinical and genetic results of the phase IB/II
trial MPNSG-0212: ruxotlinib plus
pomalidomide in myelofibrosis with anemia
[abstract]. HemaSphere. 2022;6. Abstract
P1055.

50. Gerds AT, Vannucchi AM, Passamonti F,
et al. A phase 2 study of Luspatercept in
patients with myelofibrosis-associated
anemia [abstract]. Blood. 2019;134(suppl 1).
Abstract 557.

51. Gerds AT, Vannucchi AM, Passamonti F,
et al. Duration of response to Luspatercept
in patients (Pts) requiring red blood cell
(RBC) transfusions with myelofibrosis (MF) -
updated data from the phase 2 ACE-536-
MF-001 study [abstract]. Blood. 2020;
136(suppl 1). Abstract 2992.
BER 16
52. Bose P, Masarova L, Pemmaraju N, et al.
Final results of a phase 2 study of
Sotatercept (ACE-011) for anemia of MPN-
associated myelofibrosis [abstract]. Blood.
2021;183(suppl 1). Abstract 2159.

53. Feigenson M, Nathan R, Materna C, et al.
Ker-050, a novel inhibitor of Tgfß
superfamily signaling, induces red blood cell
production by promoting multiple stages of
erythroid differentiation [abstract]. Blood.
2020;136(suppl 1). Abstract 2763.

54. Oh ST, Gotlib J, Mohan S, et al. A phase 1/2
study of INCB000928 as monotherapy or in
combination with ruxolitinib in patients with
anemia due to myelofibrosis (INCB 00928-
104) [abstract]. Blood. 2020;136(suppl 1).
Abstract 3000.

55. Verstovsek S, Vannucchi A, Gerds AT, et al.
MOMENTUM: phase 3 randomized study of
momelotinib (MMB) versus danazol (DAN) in
symptomatic and anemic myelofibrosis (MF)
patients previously treated with a JAK
inhibitor [abstract]. HemaSphere. 2022;6.
Abstract S195.

56. Mesa RA, Kiladjian JJ, Catalano JV, et al.
SIMPLIFY-1: a phase III randomized trial of
momelotinib versus ruxolitinib in Janus
Kinase inhibitor-naïve patients with
myelofibrosis. J Clin Oncol. 2017;35(34):
3844-3850.

57. Harrison CN, Vannucchi AM, Platzbecker U,
et al. Momelotinib versus best available
therapy in patients with myelofibrosis
previously treated with ruxolitinib (SIMPLIFY
2): a randomised, open-label, phase 3 trial.
Lancet Haematol. 2018;5(2):e73-e81.

58. Sureau L, Orvain C, Ianotto JC, et al. Efficacy
and tolerability of Janus kinase inhibitors in
myelofibrosis: a systematic review and
network meta-analysis. Blood Cancer J.
2021;11(7):135.

59. Verstovsek S, Mesa RA, Gotlib J, et al.
A double-blind, placebo-controlled trial of
ruxolitinib for myelofibrosis. N Engl J Med.
2012;366(9):799-807.

60. Pardanani A, Tefferi A, Masszi T, et al.
Updated results of the placebo-controlled,
phase III JAKARTA trial of fedratinib in
patients with intermediate-2 or high-risk
myelofibrosis. Br J Haematol. 2021;195(2):
244-248.

61. Mesa RA, Schaap N, Vannucchi AM, et al.
Patient-reported effects of fedratinib, an
oral, selective inhibitor of Janus kinase 2, on
myelofibrosis-related symptoms and health-
related quality of life in the randomized,
placebo-controlled, phase III JAKARTA trial.
Hemasphere. 2021;5(5):e553.

62. Mesa RA, Vannucchi AM, Mead A, et al.
Pacritinib versus best available therapy
for the treatment of myelofibrosis
irrespective of baseline cytopenias
(PERSIST-1): an international, randomised,
phase 3 trial. Lancet Haematol. 2017;4(5):
e225-e236.

63. Zhang Y, Zhou H, Jiang Z, et al. Safety and
efficacy of Jaktinib in the treatment of Janus
PASSAMONTI and MORA

http://refhub.elsevier.com/S0006-4971(22)08192-7/sref28
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref28
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref28
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref28
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref28
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref29
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref29
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref29
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref29
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref29
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref29
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref29
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref30
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref30
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref30
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref30
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref31
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref31
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref31
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref31
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref31
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref31
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref32
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref32
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref32
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref32
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref32
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref33
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref33
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref33
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref33
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref33
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref33
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref33
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref33
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref34
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref34
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref34
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref34
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref34
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref34
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref35
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref35
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref35
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref35
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref35
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref36
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref36
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref36
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref36
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref36
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref36
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref37
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref37
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref37
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref37
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref37
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref37
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref38
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref38
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref38
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref38
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref38
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref38
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref39
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref39
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref39
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref39
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref39
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref39
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/pre-exposure-prophylaxis.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/pre-exposure-prophylaxis.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/pre-exposure-prophylaxis.html
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref41
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref41
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref41
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref41
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref41
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref41
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref42
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref42
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref42
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref42
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref42
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref42
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref42
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref43
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref43
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref43
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref44
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref44
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref44
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref44
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref44
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref44
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref45
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref45
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref45
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref45
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref45
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref45
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref45
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref46
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref46
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref46
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref46
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref46
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref47
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref47
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref47
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref47
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref47
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref48
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref48
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref48
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref48
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref48
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref48
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref49
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref49
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref49
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref49
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref49
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref49
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref50
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref50
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref50
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref50
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref50
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref51
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref51
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref51
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref51
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref51
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref51
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref51
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref52
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref52
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref52
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref52
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref52
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref53
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref53
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref53
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref53
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref53
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref53
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref54
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref54
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref54
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref54
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref54
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref54
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref55
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref55
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref55
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref55
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref55
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref55
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref55
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref56
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref56
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref56
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref56
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref56
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref56
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref57
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref57
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref57
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref57
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref57
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref57
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref58
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref58
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref58
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref58
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref58
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref59
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref59
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref59
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref59
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref60
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref60
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref60
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref60
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref60
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref60
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref61
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref61
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref61
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref61
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref61
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref61
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref61
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref62
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref62
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref62
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref62
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref62
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref62
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref62
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref63
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref63


D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/141/16/1954/2087738/blood_bld-2022-017423-c-m

ain.pdf by guest on 06 M
ay 2024
kinase inhibitor-naïve patients with
myelofibrosis: results of a phase II trial. Am J
Hematol. 2022;97(12):1510-1519.

64. Verstovsek S, Gotlib J, Mesa RA, et al. Long-
term survival in patients treated with
ruxolitinib for myelofibrosis: COMFORT-I
and -II pooled analyses. J Hematol Oncol.
2017;10(1):156.

65. Harrison C, Kiladjian J-J, Verstovsek S, et al.
Overall and progression-free survival in
patients treated with fedratinib as first-line
myelofibrosis (MF) therapy and after
prior ruxolitinib (RUX): results from the
JAKARTA and JAKARTA2 trials [abstract].
HemaSphere. 2021;5. Abstract S203.

66. Mesa R, Harrison C, Oh ST, et al. Overall
survival in the SIMPLIFY-1 and SIMPLIFY-2
phase 3 trials of momelotinib in patients with
myelofibrosis. Leukemia. 2022;36(9):
2261-2268.

67. Verstovsek S, Mesa R, Talpaz M, et al.
Retrospective analysis of pacritinib in
patients with myelofibrosis and severe
thrombocytopenia. Haematologica. 2022;
107(7):1599-1607.

68. Talpaz M, Prchal J, Afrin L, et al. Safety and
efficacy of ruxolitinib in patients with
myelofibrosis and low platelet counts (50-
100 × 109/L): final analysis of an open-label
phase 2 study. Clin Lymphoma Myeloma
Leuk. 2022;22(5):336-346.

69. Harrison CN, Schaap N, Vannucchi AM,
et al. Safety and efficacy of fedratinib, a
selective oral inhibitor of Janus kinase-2
(JAK2), in patients with myelofibrosis and
low pretreatment platelet counts. Br J
Haematol. 2022;198(2):317-327.

70. Vannucchi AM, Mesa R, Gerds A, et al.
Thrombocytopenic myelofibrosis (MF)
patients previously treated with a jak
inhibitor in a phase 3 randomized study of
momelotinib (MMB) versus danazol (DAN)
[MOMENTUM] [abstract]. HemaSphere.
2022;6. Abstract P1050.

71. Gerds AT, Savona MR, Scott BL, et al.
Determining the recommended dose of
pacritinib: results from the PAC203 dose-
finding trial in advanced myelofibrosis.
Blood Adv. 2020;4(22):5825-5835.

72. Cervantes F, Ross DM, Radinoff A, et al.
Efficacy and safety of a novel dosing
strategy for ruxolitinib in the treatment of
patients with myelofibrosis and anemia: the
REALISE phase 2 study. Leukemia. 2021;
35(12):3455-3465.

73. Pemmaraju N, Verstovsek S, Mesa R, et al.
Defining disease modification in
myelofibrosis in the era of targeted therapy.
Cancer. 2022;128(13):2420-2432.

74. Mascarenhas J, Kremyanskaya M,
Patriarca A, et al. BET inhibitor pelabresib
(CPI-0610) combined with ruxolitinib in
patients with myelofibrosis — JAK inhibitor-
naïve or with suboptimal response to
ruxolitinib — preliminary data from the
MANIFEST study [abstract]. HemaSphere.
2022;6. Abstract S198.
MYELOFIBROSIS
75. Passamonti F, Foran J, Tandra A, et al.
Navitoclax plus ruxolitinib in JAK inhibitor-
naïve patients with myelofibrosis:
preliminary safety and efficacy in a
multicenter, open-label phase 2 study
[abstract]. HemaSphere. 2022;6. Abstract
S197.

76. Ali H, Kishtagari A, Maher K, et al. A phase
1, open-label, dose-escalation study of
Selinexor plus Ruxolitinib in patients with
treatment-naïve myelofibrosis [abstract].
HemaSphere. 2022;6. Abstract P1005.

77. Palandri F, Breccia M, Bonifacio M, et al. Life
after ruxolitinib: reasons for discontinuation,
impact of disease phase, and outcomes in
218 patients with myelofibrosis. Cancer.
2020;126(6):1243-1252.

78. Mascarenhas JO, Verstovsek S. The clinical
dilemma of JAK inhibitor failure in
myelofibrosis: predictive characteristics and
outcomes. Cancer. 2022;128(14):
2717-2727.

79. Maffioli M, Mora B, Ball S, et al. A prognostic
model to predict survival after 6 months of
ruxolitinib in patients with myelofibrosis.
Blood Adv. 2022;6(6):1855-1864.

80. Harrison CN, Schaap N, Vannucchi AM,
et al. Janus kinase-2 inhibitor fedratinib in
patients with myelofibrosis previously
treated with ruxolitinib (JAKARTA-2): a
single-arm, open-label, non-randomised,
phase 2, multicentre study. Lancet
Haematol. 2017;4(7):e317-e324.

81. Harrison CN, Schaap N, Vannucchi AM,
et al. Fedratinib in patients with
myelofibrosis previously treated with
ruxolitinib: An updated analysis of the
JAKARTA2 study using stringent criteria for
ruxolitinib failure. Am J Hematol. 2020;95(6):
594-603.

82. Harrison CN, Garcia JS, Somervaille TCP,
et al. Addition of navitoclax to ongoing
Ruxolitinib therapy for patients with
myelofibrosis with progression or
suboptimal response: phase II safety and
efficacy. J Clin Oncol. 2022;40(15):
1671-1680.

83. Pemmaraju N, Garcia JS, Potluri J, et al.
Addition of navitoclax to ongoing ruxolitinib
treatment in patients with myelofibrosis
(REFINE): a post-hoc analysis of molecular
biomarkers in a phase 2 study. Lancet
Haematol. 2022;9(6):e434-e444.

84. Pullarkat V, Cruz-Chacon A, Gangatharan S,
et al. Navitoclax monotherapy in patients
with myelofibrosis previously treated with
JAK-2 inhibitors: safety and tolerability
[abstract]. HemaSphere. 2022;6. Abstract
P1070.

85. Pemmaraju N, Carter BZ, Bose P, et al. Final
results of a phase 2 clinical trial of LCL161,
an oral SMAC mimetic for patients with
myelofibrosis. Blood Adv. 2021;5(16):
3163-3173.

86. Tantravahi SK, Kim SJ, Sundar D, et al.
Phase 2 Study to Evaluate the Efficacy and
Safety of Selinexor in Patients with
2

Myelofibrosis Refractory or Intolerant to JAK
Inhibitors [abstract]. Blood. 2021;138(suppl 1).
Abstract 143.

87. Yacoub A, Borate U, Rampal R, et al. Add-on
parsaclisib (a PI3K-delta inhibitor) in patients
with myelofibrosis and suboptimal response
to ruxolitinib: interim analysis from a phase 2
study [abstract]. HemaSphere. 2021;5.
Abstract EP1075.

88. Yacoub A, Borate U, Rampal R, et al. Efficacy
and safety of parsaclisib-ruxolitinib
combination therapy in myelofibrosis
patients with low vs higher baseline platelet
count: a subgroup analysis of data from a
phase 2 study [abstract]. HemaSphere.
2022;6. Abstract P1063.

89. Mascarenhas J, Komrokji RS, Palandri F,
et al. Randomized, single-blind, multicenter
phase II study of two doses of Imetelstat in
relapsed or refractory myelofibrosis. J Clin
Oncol. 2021;39(26):2881-2892.

90. Al-Ali HK, García Delgado R, Lange A, et al.
KRT-232, a first-in-class, murine double
minute 2 inhibitor (MDM2i), for
myelofibrosis (MF) relapsed or refractory (R/
R) to Janus-associated kinase inhibitor (JAKi)
treatment (tx) [abstract]. HemaSphere. 2020;
4. Abstract S215.

91. Vachani P, Lange A, García Delgado R, et al.
Potential disease-modifying activity of
navtemadlin (KRT-232), a first-in-class
MDM2 inhibitor, correlates with clinical
benefits in relapsed/refractory myelofibrosis
(MF). [abstract]. Blood. 2021;138(suppl 1).
Abstract 3581.

92. Verstovsek S, Mascarenhas J,
Kremyanskaya M, et al. CPI-0610,
bromodomain and extraterminal domain
protein (BET) inhibitor, as “add-on” to
ruxolitinib, in advanced myelofibrosis
patients with suboptimal response: update
of MANIFEST phase 2 study [abstract].
Blood. 2020;136(suppl 1). Abstract 56.

93. Kremyanskaya M, Mascarenhas J, Palandri F,
et al. Pelabresib (CPI-0610) monotherapy in
patients with myelofibrosis - update of
clinical and translational data from the
ongoing manifest trial [abstract]. Blood.
2021;138(suppl 1). Abstract 141.

94. Gill H, Yacoub A, Pettit K, et al. A phase 2
study of IMG-7289 (bomedemstat) in
patients with advanced myelofibrosis
[abstract]. HemaSphere. 2022;6. Abstract
P1051.

95. Harrison C, Heidel FH, Vannucchi AM, et al.
A phase Ib dose-finding study of
panobinostat and ruxolitinib in
myelofibrosis. HemaSphere. 2022;6(8):e757.

96. Verstovsek S, Talpaz M, Wadleigh M, et al.
A randomized, double blind phase 2 study
of 3 different doses of PRM-151 in patients
with myelofibrosis who were previously
treated with or ineligible for ruxolitinib
[abstract]. HemaSphere. 2019;3(s1). Abstract
S828.

97. Gangat N, Marinaccio C, Swords R, et al.
Aurora kinase A inhibition provides clinical
benefit, normalizes megakaryocytes, and
0 APRIL 2023 | VOLUME 141, NUMBER 16 1969

http://refhub.elsevier.com/S0006-4971(22)08192-7/sref63
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref63
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref63
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref64
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref64
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref64
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref64
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref64
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref65
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref65
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref65
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref65
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref65
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref65
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref65
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref66
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref66
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref66
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref66
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref66
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref67
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref67
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref67
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref67
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref67
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref68
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref68
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref68
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref68
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref68
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref68
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref68
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref69
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref69
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref69
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref69
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref69
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref69
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref70
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref70
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref70
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref70
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref70
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref70
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref70
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref71
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref71
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref71
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref71
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref71
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref72
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref72
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref72
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref72
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref72
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref72
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref73
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref73
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref73
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref73
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref74
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref74
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref74
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref74
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref74
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref74
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref74
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref74
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref75
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref75
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref75
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref75
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref75
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref75
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref75
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref76
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref76
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref76
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref76
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref76
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref77
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref77
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref77
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref77
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref77
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref78
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref78
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref78
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref78
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref78
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref79
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref79
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref79
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref79
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref80
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref80
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref80
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref80
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref80
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref80
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref80
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref81
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref81
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref81
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref81
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref81
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref81
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref81
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref82
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref82
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref82
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref82
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref82
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref82
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref82
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref83
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref83
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref83
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref83
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref83
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref83
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref84
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref84
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref84
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref84
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref84
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref84
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref85
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref85
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref85
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref85
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref85
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref86
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref86
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref86
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref86
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref86
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref86
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref87
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref87
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref87
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref87
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref87
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref87
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref88
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref88
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref88
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref88
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref88
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref88
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref88
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref89
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref89
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref89
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref89
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref89
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref90
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref90
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref90
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref90
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref90
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref90
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref90
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref91
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref91
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref91
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref91
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref91
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref91
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref91
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref92
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref92
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref92
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref92
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref92
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref92
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref92
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref92
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref93
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref93
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref93
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref93
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref93
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref93
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref94
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref94
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref94
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref94
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref94
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref95
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref95
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref95
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref95
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref96
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref96
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref96
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref96
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref96
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref96
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref96
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref97
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref97
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref97


D
ow

nloaded from
 http://ashpublications.net/blood/article-pdf/141/16/1954/2087738/blood_b
reduces bone marrow fibrosis in patients
with myelofibrosis: a phase I trial. Clin
Cancer Res. 2019;25(16):4898-4906.

98. Drexler B, Passweg JR, Tzankov A, et al. The
sympathomimetic agonist mirabegron did
not lower JAK2-V617F allele burden, but
restored nestin-positive cells and reduced
reticulin fibrosis in patients with
myeloproliferative neoplasms: results of
phase II study SAKK 33/14. Haematologica.
2019;104(4):710-716.

99. Gerds AT, Tauchi T, Ritchie E, et al. Phase 1/2
trial of glasdegib in patients with primary or
secondary myelofibrosis previously treated
with ruxolitinib. Leuk Res. 2019;79:38-44.

100. Couban S, Benevolo G, Donnellan W, et al.
A phase Ib study to assess the efficacy and
safety of vismodegib in combination with
ruxolitinib in patients with intermediate- or
high-risk myelofibrosis. J Hematol Oncol.
2018;11(1):122.

101. Silver RT, Barel AC, Lascu E, et al. The effect
of initial molecular profile on response to
recombinant interferon-α (rIFNα) treatment
in early myelofibrosis. Cancer. 2017;123(14):
2680-2687.

102. Ianotto J-C, Chauveau A, Boyer-Perrard F,
et al. Benefits and pitfalls of pegylated
interferon-α2a therapy in patients with
myeloproliferative neoplasm-associated
myelofibrosis: a French Intergroup of
Myeloproliferative neoplasms (FIM) study.
Haematologica. 2018;103(3):438-446.

103. Sørensen AL, Mikkelsen SU, Knudsen TA,
et al. Ruxolitinib and interferon-α2
combination therapy for patients with
polycythemia vera or myelofibrosis: a phase
II study. Haematologica. 2020;105(9):
2262-2272.
1970 20 APRIL 2023 | VOLUME 141, NUM
104. Yacoub A, Patnaik MM, Ali H, et al. A Phase
1/2 Study of single agent Tagraxofusp, a
first-in-class CD123-targeted therapy, in
patients with myelofibrosis that is relapsed/
refractory following JAK inhibitor therapy
[abstract]. Blood. 2021;138(suppl 1).
Abstract 140.

105. Maekawa T, Kato S, Kawamura T, et al.
Increased SLAMF7high monocytes in
myelofibrosis patients harboring
JAK2V617F provide a therapeutic target of
elotuzumab. Blood. 2019;134(10):814-825.

106. Handlos Grauslund J, Holmström MO,
Jørgensen NG, et al. Therapeutic cancer
vaccination with a peptide derived from the
Calreticulin Exon 9 mutations induces strong
cellular immune responses in patients with
CALR-mutant chronic myeloproliferative
neoplasms. Front Oncol. 2021;11:637420.

107. Gupta V, Malone AK, Hari PN, et al.
Reduced-intensity hematopoietic cell
transplantation for patients with primary
myelofibrosis: a cohort analysis from the
center for international blood and marrow
transplant research. Biol Blood Marrow
Transplant. 2014;20(1):89-97.

108. Gowin K, Ballen K, Ahn KW, et al. Survival
following allogeneic transplant in patients
with myelofibrosis. Blood Adv. 2020;4(9):
1965-1973.

109. Kröger NM, Deeg JH, Olavarria E, et al.
Indication and management of
allogeneic stem cell transplantation in primary
myelofibrosis: a consensus process by an
EBMT/ELN international working group.
Leukemia. 2015;29(11):2126-2133.

110. Hernández-Boluda J-C, Pereira A, Kröger N,
et al. Allogeneic hematopoietic cell
transplation in older myelofibrosis patients:
BER 16
a study of the chronic malignancies working
party of EBMT and the Spanish
Myelofibrosis Registry. Am J Hematol. 2021;
96(10):1186-1194.

111. Passamonti F. Stem cell transplant in MF: it’s
time to personalize. Blood. 2019;133(20):
2118-2120.

112. Gagelmann N, Ditschkowski M, Bogdanov R,
et al. Comprehensive clinical-molecular
transplant scoring system for myelofibrosis
undergoing stem cell transplantation. Blood.
2019;133(20):2233-2242.

113. Polverelli N, Hernández-Boluda JC, Czerw T,
et al. Splenomegaly in patients with primary
or secondary myelofibrosis who are
candidates for allogeneic hematopoietic cell
transplantation: a Position Paper on behalf
of the Chronic Malignancies Working Party
of the EBMT. Lancet Haematol. 2023;10(1):
e59-e70.

114. Kröger N, Sbianchi G, Sirait T, et al. Impact
of prior JAK-inhibitor therapy with ruxolitinib
on outcome after allogeneic hematopoietic
stem cell transplantation for myelofibrosis: a
study of the CMWP of EBMT. Leukemia.
2021;35(12):3551-3560.

115. Kunte S, Rybicki L, Viswabandya A, et al.
Allogeneic blood or marrow
transplantation with haploidentical
donor and post-transplantation
cyclophosphamide in patients with
myelofibrosis: a multicenter study.
Leukemia. 2022;36(3):856-864.

© 2023 by The American Society of Hematology.

Licensed under Creative Commons Attribution-

NonCommercial-NoDerivatives 4.0 International

(CC BY-NC-ND 4.0), permitting only noncommercial,

nonderivative use with attribution. All other rights

reserved.
ld-2
PASSAMONTI and MORA

022-017423-c-m
ain.pdf by guest on 06 M

ay 2024

http://refhub.elsevier.com/S0006-4971(22)08192-7/sref97
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref97
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref97
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref98
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref98
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref98
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref98
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref98
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref98
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref98
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref98
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref99
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref99
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref99
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref99
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref100
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref100
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref100
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref100
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref100
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref100
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref101
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref101
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref101
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref101
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref101
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref101
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref101
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref102
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref102
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref102
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref102
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref102
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref102
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref102
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref102
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref103
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref103
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref103
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref103
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref103
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref103
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref103
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref104
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref104
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref104
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref104
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref104
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref104
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref104
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref105
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref105
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref105
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref105
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref105
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref105
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref106
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref106
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref106
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref106
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref106
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref106
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref106
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref107
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref107
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref107
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref107
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref107
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref107
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref107
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref108
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref108
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref108
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref108
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref109
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref109
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref109
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref109
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref109
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref109
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref110
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref110
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref110
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref110
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref110
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref110
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref110
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref110
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref111
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref111
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref111
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref112
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref112
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref112
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref112
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref112
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref113as
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref113as
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref113as
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref113as
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref113as
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref113as
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref113as
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref113as
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref113as
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref113
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref113
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref113
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref113
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref113
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref113
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref114
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref114
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref114
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref114
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref114
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref114
http://refhub.elsevier.com/S0006-4971(22)08192-7/sref114
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode

	Myelofibrosis
	Introduction
	Diagnostic criteria
	Outcome
	Prediction of survival
	Prediction of myeloid evolution and cardiovascular events

	Treatment overview
	Considerations during COVID-19
	Anemia-oriented treatments
	Clinical results of JAKis
	Survival effect of JAKis
	Management of splenomegaly in patients with pretreatment thrombocytopenia
	Management of splenomegaly in patients with pretreatment anemia

	New combinations in JAKi-naïve patients
	Switching RUX to second-line therapies
	Clinical results of JAKis in JAKi-pretreated patients
	Clinical results of non–JAKis as single agent or combined with RUX in JAKi-pretreated patients
	Microenvironment, as a target
	Signaling pathways, as a target
	Immunotherapies

	Stem cell transplantation
	Conclusions
	Authorship
	References


