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Abstract
Myelofibrosis (MF) is a Philadelphia chromosome–negative myeloproliferative neoplasm associated with bone marrow fibrosis,
splenomegaly, a high symptom burden, and poor prognosis. Treatment is based on a risk-adapted approach, with treatment
guidelines generally recommending allogeneic stem cell transplant or drug-based therapy for patients with higher-risk or more
advanced disease and recommending observation or the Bwatch-and-wait^ strategy for those with lower-risk or early-stage MF.
With the advent of targeted therapies, such as the Janus kinase inhibitors, many patients have experienced substantial clinical
benefits, including reduction in splenomegaly and symptoms and, in some instances, improvement or stabilization of bone
marrow fibrosis and reduction of JAK2V617F allele burden. These observations raise the possibility of patients in earlier phases
of the disease also benefiting from treatment with targeted therapies. In this review, we discuss the current treatment options for
patients with early-stage MF and the available evidence supporting the treatment of patients with less-advanced disease. Overall,
therapies used to treat patients with early-stage MF will have to be assessed in randomized studies, with the potential benefits
balanced against adverse events associated with treatment.
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Introduction

Myelofibrosis (MF) is a chronic myeloproliferative neoplasm
characterized by progressively worsening bone marrow fibro-
sis, cytopenias, progressive splenomegaly, debilitating symp-
toms, and shortened survival. It may present as primary dis-
ease (PMF) or as post–polycythemia vera MF (PPV-MF) or
post–essential thrombocythemia MF (PET-MF) [1]. The clin-
ical manifestations in MF are heterogeneous, with up to 30%
of patients initially asymptomatic; however, most patients
present with constitutional symptoms or symptoms associated
with anemia or splenomegaly [2].

Several prognostic models for survival have been devel-
oped for patients with PMF, including the International
Prognostic Scoring System (IPSS), which is used at diagnosis
[3], and the Dynamic IPSS (DIPSS), which can be used at any
time [4] (Table 1). Very recently, a tool was developed for risk
stratification in patients with secondary MF (PPV/PET-MF).
TheMyelofibrosis Secondary to PVand ET-Prognostic Model
(MYSEC-PM) was developed based on a cohort of 685 pa-
tients with secondary MF molecularly annotated for Janus
kinase 2 (JAK2), calreticulin (CALR), and myeloproliferative
leukemia (MPL) mutations. Hemoglobin level < 110 g/L, cir-
culating blasts ≥ 3%, CALR-unmutated genotype, platelet
count < 150 × 109/L, constitutional symptoms, and increasing
age were found to correlate with worse survival [8] (Table 1).

Currently, treatment with JAK inhibitors is typically re-
served for patients with intermediate- to high-risk disease with
splenomegaly or symptoms. However, recent evidence has
suggested that treating patients with early-stage MF may lead
to better outcomes. These patients often have a lower symp-
tom burden, less severe splenomegaly, a lower incidence of
cytopenias, and less-severe bone marrow fibrosis [9–11]. This
review will discuss evidence for the treatment of patients with
early-stage MF and explore potential treatment options for
these patients.
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Prognostic implications of driver
and subclonal molecular mutations in PMF

MF is characterized by dysregulation of the JAK/signal trans-
ducer and activator of transcription (STAT) pathway [12, 13]
at least in part related to three somatic Bdriver^ mutations that
directly or indirectly affect JAK activity, specifically the JAK2
V617F mutation (present in 65% of patients) and mutations in
CALR (25% of patients) and MPL (5–10% of patients)
[14–17]. Driver mutations also correlate with prognosis, with

patients with type 1/type 1-like CALRmutations having better
survival probability than patients with JAK2 V617F, type 2/
type 2-like CALR, or MPL mutations [18–21]. Interestingly,
triple-negative patients (i.e., those without mutations in JAK2,
CALR, orMPL) also show hyperactivation of JAK-STAT sig-
naling, with triple negativity associated with worst survival
[22].

Mutations in ASXL1, EZH2, SRSF2, IDH1, or IDH2 indi-
cate an IPSS- and DIPSS-Plus–independent high molecular
risk (HMR) status; patients with HMR status have shorter

Table 1 Prognostic factors and scoring systems in myelofibrosis

Primary myelofibrosis Secondary myelofibrosis

Risk factor, adverse pointsa IPSS [3] DIPSS [4] DIPSS-Plus [5] MIPSS [6] MIPSS70 [7] MIPSS70-Plus [7] MYSEC-PM [8]

Age > 65 years 1 1 1 1.5b 0.15c

Hemoglobin < 100 g/L 1 2 2 0.5 1 1 2c

WBC count > 25 × 109/L 1 1 1 2

Circulating blasts > 1% 1 1 1 1d 1d 2c

Constitutional symptoms 1 1 1 0.5 1 1 1

Unfavorable karyotype 1e 3f

Platelet count < 100 × 109/L 1 1b 2 1c

Transfusion need 1

Triple-negative 1.5

JAK2 or MPL mutation 0.5

ASXL1 mutation 0.5

SRSF2 mutation 0.5

Absence of CALR mutations 1g 2g 2

HMR category 1 1

≥ 2 HMR mutations 2 2

BM fibrosis grade ≥ 2 1

ASXL1 additional sex combs-like 1, BM bone marrow, CALR calreticulin, DIPSS Dynamic International Prognostic Scoring System, HMR high
molecular risk, IPSS International Prognostic Scoring System, JAK2 Janus kinase 2, MIPSS Mutation-Enhanced International Prognostic Scoring
System,MPLmyeloproliferative leukemia,MYSEC-PMMyelofibrosis Secondary to PVand ET-Prognostic Model, SRSF2 serine–arginine-rich splicing
factor 2, WBC white blood cell
a Risk categories are based on a patient’s risk score (i.e., sum of adverse points). Risk categories according to each prognostic system, risk score, and the
expected median survival for each category are as follows:

IPSS: low (risk score, 0; median survival, 11 years); intermediate-1 (1; 8 years); intermediate-2 (2; 4 years); high (≥ 3; 2 years)

DIPSS: low (0; 15 years); intermediate-1 (1–2; 6.5 years); intermediate-2 (3–4; 3 years); high (5–6; 1 year)

DIPSS-Plus: low (0; not reached); intermediate-1 (1; 14 years); intermediate-2 (2–3; 4 years); high (≥ 4; 1.5 years)

MIPSS: low (0–0.5; 26.4 years); intermediate-1 (1–1.5; 9.7 years); intermediate-2 (2–3.5; 6.4 years); high (≥ 4; 1.9 years)

MIPSS70: low (0–1; 27.7 years); intermediate (2–4; 7.1 years); high, (≥ 5; 2.3 years)

MIPSS70-Plus: low (0–2; 20 years); intermediate (3; 6.3 years); high (4–6; 3.9 years); very high (≥ 7; 1.7 years)

MYSEC-PM: low (< 11; not reached); intermediate-1 (≥ 11 to < 14; 9.3 years); intermediate-2 (≥ 14 to < 16; 4.4 years); high (≥ 16; 2 years). The final
score can be calculated using a discrete/continuous nomogram (available online at https://mysec.shinyapps.io/prognostic_model/)
b Age > 60 years; platelet count < 200 × 109 /L.
c Any age, 0.15 points per years of age; hemoglobin < 110 g/L; platelet count < 150 × 109 /L; blasts ≥ 3%
dCirculating blasts ≥ 2%
eComplex karyotype or sole or two abnormalities that include + 8, − 7/7q-, i(17q), − 5/5q-, 12p-, inv.(3), or 11q23 rearrangement
f Any abnormal karyotype other than normal karyotype or sole abnormalities of 20q−, 13q−, +9, chromosome 1 translocation/duplication, −Y, or sex
chromosome abnormality other than –Y
gAbsence of CALR type 1-like mutation
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survival and higher risk of blast transformation than patients
with low molecular risk (LMR) status (i.e., patients without a
HMRmutation) [23]. On the basis of these results, presence of
driver and subclonal mutations have been integrated in the
Mutation-Enhanced International Prognostic Scoring System
(MIPSS) [6] and theMIPSS70 [7], two molecular-based prog-
nostic scoring systems (Table 1).

Guidelines for treatment of MF

Current treatment guidelines recommend a risk-adapted treat-
ment approach, which is of utmost importance when choosing
to route a patient to allogeneic hematopoietic stem cell trans-
plant (alloSCT) [14, 24] (Fig. 1).AlloSCT is the only curative
therapeutic option for patients with MF [27, 28] and can lead
to near-complete or complete regression of bone marrow fi-
brosis, regardless of risk score at transplant [29, 30]. However,
it is associated with high treatment-related mortality and mor-
bidity, with an overall survival (OS) of approximately 50% in
patients receiving conventional-intensity conditioning
alloSCT [31, 32]. Based on guidelines from the European
LeukemiaNet (ELN) and European Society for Blood and
Marrow Transplantation (EBMT), all patients with
intermediate-2 or high-risk disease according to IPSS,
DIPSS, or DIPSS-Plus who are < 70 years old should be con-
sidered for alloSCT [27]. AlloSCT may also be recommended
for patients with intermediate-1–risk disease with either re-
fractory transfusion-dependent anemia, blasts > 2%, or unfa-
vorable cytogenetic abnormalities (as defined by the DIPSS-
Plus) [5, 27]. Furthermore, the ELN/EBMT guidelines sug-
gest alloSCT for intermediate-1–risk triple-negative and/or
ASXL1-mutated patients [24, 27]. However, until future vali-
dation occurs, the decision to perform alloSCT in these pa-
tients should be evaluated on an individual basis.

Given the risks associated with alloSCT and the advanced
median age of patients with MF, most patients with high- or
intermediate-risk MF are deemed transplant ineligible and are
treated based on their clinical needs. Hydroxyurea is a
nonalkylating antineoplastic agent that is commonly used for
the control of leukocytosis and thrombocytosis but has limited
efficacy on splenomegaly [33, 34]. Ruxolitinib is a JAK1/
JAK2 inhibitor that has been approved for the treatment of
MF-related splenomegaly and symptoms (with exact indica-
tions varying by country). Ruxolitinib showed superiority
over placebo and standard therapy in patients with intermedi-
ate-2– and high-risk MF in the two pivotal phase 3 studies,
Controlled Myelofibrosis Study with Oral JAK Inhibitor
Treatment (COMFORT)-I and COMFORT-II [35, 36]. In
these studies, ruxolitinib led to rapid and durable reductions
in splenomegaly and symptom burden, with improvements in
quality of life and OS [35–39].

Interferon alpha (IFN) has been used to treat MF; however,
its efficacy is limited, and its use is often associated with
intolerable adverse events, including flu-like symptoms, neu-
ropsychiatric symptoms, and autoimmune problems [40].

Early-stage MF as a clinical mimicker for other
entities

The clinical picture and prognosis of prefibrotic or early MF
can overlap with those of lower-risk overt MF. For this rea-
son, the identification of patients with early-stage MF re-
quires careful integration of clinical, pathological, and mo-
lecular data. Even though a precise diagnostic dissection is
clearly desirable, both aforementioned scenarios (i.e.,
prefibrotic MF and lower-risk overt MF) are characterized
by a potential prodromal stage and a more advanced com-
mon disease phase. In these cases, the best clinical manage-
ment and prediction of progression to high-risk overt MF are
still imprecise.

Prefibrotic or early PMF according to 2017 WHO
criteria

The 2017 World Health Organization (WHO) criteria intro-
duced early PMF (i.e., prefibrotic PMF) as a separate clinical
and histological entity, distinct from overt MF [1], and defined
the criteria for its diagnosis (Table 2). On morphological
grounds, it is defined by increased cellularity in relation to
age due to granulopoietic and megakaryocytic proliferation,
along with precursors’ excess of the former and atypia of the
latter, with peculiar bulbous-shaped nuclei and frequent for-
mation of clusters. It may be accompanied by mild increase in
reticulin fibers defined as grade 0 or 1 on a scale of 0 to 3
according to the European Consensus [41]. Conversely, fibro-
sis of grade 2 or 3 defines patients with overt MF. The lack of
fibrosis in the early phases as well as a clinical onset some-
times characterized by isolated thrombocytosis can lead to
prefibrotic MF being misdiagnosed as ET, which may have
prognostic implications [42]. Given that bone marrow histol-
ogy shows different morphological pictures among the differ-
ent categories of Philadelphia chromosome–negative myelo-
proliferative neoplasms, its role is crucial in diagnosing MF
[1, 42]. In particular, ET differs from PMF in that cellularity is
usually preserved, granulopoiesis and erythropoiesis are in
regular ratio and not expanded, and megakaryocytes, although
significantly increased, show no or only mild atypia, with
mature hyperlobulated nuclei.

Patients with MF at lower risk per IPSS

At diagnosis, approximately 50% of patients with PMF are in
the lower-risk categories (low risk, 22%; intermediate-1 risk,
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29%) according to the IPSS score [3]. When the MYSEC-PM
in PPV/PET-MF is used, approximately 60% of patients are
found to be in the lower-risk categories (low risk, 19%;
intermediate-1 risk, 40%) [43]. These patients are projected
to have a median survival > 5 years and therefore are generally
considered not eligible for alloSCT. Also, patients with lower-
risk MF are usually less symptomatic and have a smaller
spleen size than those with higher-risk MF [44]. Overall, these

patients are generally considered to be affected by an early-
stage MF.

Triggers for early treatment

To date, no specific guideline has been developed—on, for
example, the basis of adverse prognostic features—to allow

IMiDs
ESA

Danazol
If anemia

Not applicable
(absent in
low-risk)

If anemiaIf anemia

Diagnosis according to 2017 WHO criteria [1]
– Distinction between early MF and overt MF

Assessment of disease burden and individual patient status
– Splenomegaly
– Symptoms (use standardized and quantitative scales)
– Medical history (including previous hemorrhagic/thrombotic events)

Risk stratification (IPSS/DIPSS/MYSEC-PM) 

Lower-risk categories Higher-risk categories

Low risk
Estimated survival:

11.2 ya

Intermediate-1 risk
Estimated survival:

7.9 ya

AlloSCT

Ruxolitinib

If fit and age < 70 yDo not consider

If large/progressive
splenomegaly and/or

invalidating symptomsb 

Intermediate-2 risk
Estimated survival:

4 ya

High risk
Estimated survival:

2.2 ya

If fit and age < 70 y

If cytopenias, increasing
peripheral blasts,

adverse karyotype,
triple negativity, ASXL1

(only if fit and age < 65 y) 

If large/progressive
splenomegaly and/or

invalidating symptomsb

If large/progressive
splenomegaly and/or

invalidating symptoms

If large/progressive
splenomegaly and/or

invalidating symptoms

Hydroxyurea If logistic reasons/mild
myeloproliferation

If logistic reasons/mild
myeloproliferation

If mild splenomegaly, 
leukocytosis,

thrombocytosis

If mild splenomegaly, 
leukocytosis,

thrombocytosis

Therapies

Clinical trial ConsiderConsider ConsiderConsider

Fig. 1 Risk-adapted approach in myelofibrosis [24–26]. alloSCT,
allogeneic hematopoietic stem cell transplant; ASXL1, additional sex
combs-like 1; DIPSS, Dynamic International Prognostic Scoring
Sys tem; ESA, e ry th ropo ies i s s t imu la t ing agen t ; IMiD,
immunomodulatory drugs; IPSS, International Prognostic Scoring
System; MF, myelofibrosis; MYSEC-PM, Myelofibrosis Secondary to

PV and ET-Prognostic Model; WHO, World Health Organization.
aSurvival estimates are according to the IPSS. bHydroxyurea is recom-
mended as first-line therapy by the European LeukemiaNet in these pa-
tients. Ruxolitinib is recommended in those patients with splenomegaly
not responding or intolerant to hydroxyurea [24]
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identification of patients with early-stage MF who have inad-
equately controlled disease or who should receive a more
personalized or preemptive therapeutic approach. Here, we
describe some special situations that may identify patients in
need of earlier therapy.

Presence of subclonal mutations

Mutations in any one of the five high-risk genes (EZH2,
ASXL1, IDH1, IDH2, and SRSF2) may be detected in 21.1%
and 23.4% of patients with low- and intermediate-1–risk PMF,
respectively; having mutations in any of these genes is asso-
ciated with reduced survival and increased risk of blast trans-
formation compared with having no mutations in these genes
[23] (Fig. 2). Furthermore, carrying two or more HMR muta-
tions predicted a worse survival compared with having one or
no HMR mutation (2.6 years [hazard ratio {HR}, 3.8 {95%
CI, 2.6–5.7}] vs 7.0 years [HR, 1.9 {95% CI, 1.4–2.6}] vs
12.3 years). The presence of two or more mutations was also
associated with shortened leukemia-free survival (HR, 6.2
[95% CI, 3.5–10.7]) [45]. Based on these observations,

patients with IPSS low- or intermediate-1–risk PMF with
HMR mutations, especially mutations in ASXL1 and SRSF2
(and possibly only patients with SRSF2- or ASXL1-mutated
PPV- and PET-MF) [46, 47], should ideally receive earlier
intervention with treatments able to prevent or delay disease
progression or leukemic transformation and potentially im-
prove their survival (Fig. 3).

Disease burden

Recently, the US-based MPN Landmark survey investigated
perceptions of disease burden (and treatment management),
including overall disease burden, quality of life, activities of
daily living, and work productivity in 813 respondents with
MPNs (MF, n = 207). The study showed that patients with
DIPSS lower-risk MF are moderately to highly symptomatic
in 44% of the cases, and that the reduction of quality of life
and social/working activity was similar in low- and high-risk
categories. An increased total symptom score (TSS) was also
significantly associated with larger spleen size (> 10 cm: mean
TSS, 25.2 vs 30.0, P = .02; > 15 cm: 25.5 vs 32.9, P = .004)
[48]. Analogously, the global MPN Landmark survey com-
pleted by 699 patients with MPN (MF, n = 174) showed that
83% of patients with MF complained of a reduction in quality
of life due toMPN-related symptoms and 41.1% also reported
overall impairment at work [49].

Taken together, these studies indicate that disease burden
may also be severe in patients in lower-risk categories, and
these patients would likely benefit from symptom-based treat-
ment. A cutoff criterion of the worst single symptom being > 5
(of 10) using the MPN10 score has been suggested for
predicting increased DIPSS risk score and for identifying pa-
tients who will most benefit from symptom-based treatment.
Additionally, ruxolitinib was strongly recommended for
treating MF-associated splenomegaly in highly symptomatic
patients with intermediate-1–risk disease by the ELN guide-
lines [24]. We, however, believe that the determination of
disease burden that warrants treatment with ruxolitinib should
also be supported by an individual assessment.

Rationale for earlier treatment in MF

Although patients with lower-riskMF are generally monitored
with a watch-and-wait approach, the observations listed below
suggest considering rethinking treatment strategy, at least in
symptomatic patients.

MF is a progressive disease

Given the progressive nature of MF, a significantly higher
percentage of patients have anemia in the year following their
MF diagnosis than at the time of their MF diagnosis (58% vs

Table 2 World Health Organization criteria for prefibrotic or early-
stage primary myelofibrosis [1]

The diagnosis of prefibrotic or early-stage primary myelofibrosis requires
that all three major criteria and at least one minor criterion are met

Major criteria

1. Megakaryocytic proliferation and atypia, without reticulin fibrosis
grade > 1, accompanied by increased age-adjusted bone marrow
cellularity, granulocytic proliferation, and (often) decreased
erythropoiesis

2. World Health Organization criteria for BCR-ABL–positive chronic
myeloid leukemia, polycythemia vera, essential thrombocythemia,
myelodysplastic syndromes, or other myeloid neoplasms are not met

3. JAK2, CALR, orMPL mutation or presence of another clonal markera

or absence of minor reactive bone marrow reticulin fibrosisb

Minor criteria

Presence of at least one of the following, confirmed in two consecutive
determinations:

- Anemia not attributed to a comorbid condition

- Leukocytosis ≥ 11 × 109/L

- Palpable splenomegaly

- Lactate dehydrogenase level above the upper limit of the institutional
reference range

a In the absence of any of the three major clonal mutations, a search for
other mutations associated with myeloid neoplasms (e.g., ASXL1, EZH2,
TET2, IDH1, IDH2, SRSF2, and SF3B1 mutations) may be of help in
determining the clonal nature of the disease
bMinor (grade 1) reticulin fibrosis secondary to infection, autoimmune
disorder or other chronic inflammatory conditions, hairy cell leukemia or
another lymphoid neoplasm, metastatic malignancy, or toxic (chronic)
myelopathies

Reprinted with permission from Arber DA, et al . Blood .
2016;127(20):2391–2405. © 2016 American Society of hematology
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38%); this is also true of thrombocytopenia (28% vs 18%),
circulating blasts (54% vs 45%), transfusion requirement
(46% vs 24%), constitutional symptoms (38% vs 29%),
splenomegaly > 10 cm (46% vs 22%), and an unfavorable
karyotype (18% vs 13%) [50]. According to the WHO 2017
criteria, patients with overt PMF (vs prefibrotic PMF) were
more frequently classified as being at higher risk (48.0%),
with 44.4% of patients having HMR mutations (two or more
mutations, 13.6%) [51]. Median survival was significantly
longer in patients with prefibrotic PMF (14.7 years vs
7.2 years; P < .0001). HMR status was prognostic for survival
in both patients with prefibrotic PMF (HR, 1.8 [95% CI, 1.1–
3.0]; P = .03) and those with overt PMF (HR, 2.5 [95% CI,
1.8–3.4]; P < .0001), as was the presence of two or more
HMR mutations (HR, 9.3 [95% CI, 4.5–19.0] and 3.4 [95%
CI, 2.1–5.3], respectively; P < .0001).

Ruxolitinib treatment is associated with survival
benefits in MF

Analyses of the COMFORT studies have shown that
ruxolitinib is associated with survival benefits in patients with
intermediate-2– and high-risk MF. In a 5-year follow-up anal-
ysis of COMFORT-II, there was a 33% reduction in the risk of
death in patients randomized to ruxolitinib compared with that
in patients treated with conventional therapy (HR, 0.67 [95%
CI, 0.44–1.02]; P = .06), with a crossover-corrected HR of
0.44 (95% CI, 0.18–1.04; P = .06) [52]. In the 5-year follow-
up analysis of COMFORT-I, patients in the ruxolitinib group
had prolonged OS compared with patients in the placebo
group (median OS: ruxolitinib group, not reached; placebo

group, 200 weeks; HR, 0.69 [95% CI, 0.50–0.96]; P = .025),
and patient risk of death was reduced by approximately 30%
in the ruxolitinib group compared with that in the placebo
group [53]. In pooled analysis data of the COMFORT-I and
COMFORT-II studies, the risk of death was reduced by 30%
in patients randomized to ruxolitinib compared with that in
patients in the control group (median OS: ruxolitinib, 5.3 years
[95% CI, 4.7-NE]; control, 3.8 years [95% CI, 3.2–4.6]) [54].
Despite the survival advantage observed with ruxolitinib in
patients with higher-risk disease, the crossover design of the
phase 3 COMFORT studies prevents a definitive demonstra-
tion of a survival benefit. Therefore, the ELN does not cur-
rently recommend ruxolitinib solely for prolonging survival
[24, 39]. Notably, upon treatment with ruxolitinib, median OS
in patients with high-risk MF was comparable to that seen in
patients with intermediate-2–risk disease in the control arms
[55, 56]. Survival from the time of diagnosis was also im-
proved in patients from COMFORT-II who had received
ruxolitinib compared with that in a cohort of comparable pa-
tients categorized using DIPSS who had received only stan-
dard therapy (HR, 0.61 [95% CI, 0.41–0.91]; P = .0148) [57].
This suggests that earlier treatment with ruxolitinib positively
impacts survival and, conversely, that delayed switching to
ruxolitinib has a negative impact. However, any survival ad-
vantage in patients with lower-risk disease remains to be seen.

Ruxolitinib treatment is more effective in patients
with lower burden of the disease

In a post hoc analysis of COMFORT-I, patients who initiated
ruxolitinib therapy with less-advanced MF achieved a better

Fig. 2 Frequency of high molecular risk mutations in patients with low-
or intermediate-1–risk myelofibrosis [23]. ASXL1, additional sex combs-
like 1, DIPSS, Dynamic International Prognostic Scoring System; EZH2,
enhancer of zeste homolog 2; HMR, high molecular risk; IDH1/IDH2,
isocitrate dehydrogenase 1/isocitrate dehydrogenase 2; IPSS,
International Prognostic Scoring System; MF, myelofibrosis; SRSF2,
serine–arginine-rich splicing factor 2. aMutations were analyzed in 68

patients with MF in chronic phase. Overall, 12 patients were considered
to have low or intermediate-1 risk by IPSS. ASXL1 and SRSF2mutations
were identified in 33.3% (4/12) and 8.3% (1/12) of patients. bMutations
were analyzed in 68 patients with MF in chronic phase. Overall, 14
patients were considered to have low or intermediate-1 risk by DIPSS-
Plus. ASXL1 and SRSF2 mutations were identified in 28.6% (4/14) and
14.3% (2/14) of patients. One patient had two mutations
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clinical status than patients with more-advanced disease, as
determined by lower absolute spleen size and symptom sever-
ity [58]. This analysis suggests that initiation of ruxolitinib in
patients with less-severe splenomegaly and symptoms may
contribute to improved patient outcomes, including prolonged
survival, as confirmed by a pooled analysis of the
COMFORT-I and COMFORT-II studies [56].

A recent retrospective study (N = 408) assessing predictors
of response to ruxolitinib in a Breal-world^ setting found that
disease severity and a delay in initiation of ruxolitinib therapy
led to poorer outcomes [59]. Spleen length ≥ 10 cm, delaying
ruxolitinib initiation by ≥ 2 years from MF diagnosis, and
IPSS intermediate-2– or high-risk disease negatively

correlated with spleen response, whereas a baseline total
symptom score > 20 negatively correlated with symptom re-
sponse. These findings suggested that treating patients with
ruxolitinib at an earlier stage of their disease leads to better
patient outcomes and possibly a survival advantage.

Medical treatment may reduce mutation load
and marrow fibrosis

In the 5-year follow-up analysis of COMFORT-II, approxi-
mately one-third of evaluable patients had a > 20% reduction
from baseline in absolute allele burden, and ≥ 75% of patients
had no increase in allele burden (however, sequential

Low or
Intermediate-1

IPSS risk
Age < 65-70 y

and fit

tneserPtnesbA

Assess adverse
risk featuresb

Age > 65-70 y
or unfit

Low disease
burdena

Observation

Hydroxyurea

Interferon

Ruxolitinib

Clinical trial

Yes

Yes

Yes

Yes

If available If available

Yes

Yes

Yes

If available

Yes

Yes

Yes

If available

Yes

If available

Yes, after 
thorough discussion 

with pt

AlloSCT

Consider in Int-1 
after thorough 

discussion 
with pt; otherwise, 

strict follow-up, 
consider if progression

Consider in
Int-1

High disease
burdena

High disease
burdena

High disease
burdena

Low disease
burdena

Low disease
burdena

Fig. 3 Integrated treatment algorithm for patients with low- or
intermediate-1–risk myelofibrosis. alloSCT, allogeneic hematopoietic
stem cell transplant; Int-1, intermediate-1 risk; IPSS, International
Prognostic Scoring System; pt, patient; SRSF2, serine–arginine-rich
splicing factor 2. aDisease burden includes symptoms, splenomegaly,

and previous vascular events. bIncludes anemia, increasing peripheral
blood blast count, triple negativity, high molecular risk status (and
possibly SRSF2 status in patients with post–polycythemia vera and
post–essential thrombocythemia myelofibrosis), and adverse
cytogenetics
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information on mutation load in non–ruxolitinib randomized
patients was not provided). Additionally, patients with less-
severe disease and shorter disease duration had greater allele
burden reductions, suggesting that patients may benefit from
receiving earlier treatment. However, it remains unclear
whether, and to what extent, an allele burden reduction corre-
lates with patient benefit.

Ruxolitinib also led to stabilization or improvement in
bone marrow morphology in patients with MF [60, 61], with
some studies reporting resolution of fibrosis [62, 63].
Compared with an independent cohort of patients who re-
ceived best available therapy (BAT), higher proportions of
patients who received ruxolitinib in study 251 had improve-
ment or stabilization in their bone marrow fibrosis grade after
4 years of treatment (improvement, 24% vs 2%; stabilization,
50% vs 46%, respectively) [61]. Patients who received BAT
were more likely to have worsened fibrosis after 4 years than
patients who received ruxolitinib (BAT, 75%; ruxolitinib,
31%; odds ratio, 0.16 [95% CI, 0.06–0.46]) of treatment.
Similarly, improvements in fibrosis were also observed with
long-term ruxolitinib treatment in COMFORT-II [63].

Data concerning use of ruxolitinib
in early-stage MF

In the phase 2 UK ROBUST study (N = 48), similar improve-
ments in splenomegaly and symptoms were observed across
risk groups, including in patients with intermediate-1–risk dis-
ease (n = 14) [64]. At week 48, 50% of all patients and 57% of
patients with intermediate-1 risk achieved a ≥ 50% reduction
in palpable spleen length and/or a ≥ 50% decrease in the MF-
SAF TSS, with no significant difference between risk groups
(P = .599). All patients with intermediate-1–riskMF showed a
reduction in spleen length at the last available visit.

The global JAK Inhibitor Ruxolitinib in Myelofibrosis
Patients (JUMP) study also showed reductions in spleen
length and symptom burden in patients with DIPSS low−/in-
termediate-1– (n = 893), intermediate-2– (n = 754), and high-
risk (n = 193) MF who received ruxolitinib [65]. DIPSS status
was determined in 1840 of 2233 enrolled patients who started

treatment ≥ 1 year before the data cutoff. Overall, 68.2% of
patients experienced a ≥ 50% reduction from baseline in pal-
pable spleen length at any time by week 72. Most patients
(74.8%) who achieved a ≥ 50% reduction in spleen length at
any time were in the low−/intermediate-1–risk group, follow-
ed by 63.1% of patients in the intermediate-2–risk group and
57% of patients in the high-risk group [65]. Additionally,
ruxolitinib led to symptom improvement, with approximately
40% to 54% of patients experiencing improvements at each
time point, as assessed using the Functional Assessment of
Cancer Therapy Lymphoma total score. Importantly, the safe-
ty profile of ruxolitinib in patients with intermediate-1–risk
MF was consistent with that seen in patients with higher-risk
MF in the JUMP [65, 66] and COMFORT studies [35, 36].

A retrospective review of medical records conducted in the
USA demonstrated that patients with low- (n = 25) or interme-
diate-1–risk (n = 83) MF experienced improvements in
splenomegaly and symptoms with ruxolitinib treatment [67].
Overall, 68% of patients with low-risk MF had a decrease in
spleen size from initiation of ruxolitinib treatment to best re-
sponse; 55% of patients with intermediate-1 risk had a corre-
sponding response.

A recent retrospective analysis of data from 71 patients
with intermediate-1–risk MF treated with ruxolitinib in rou-
tine clinical practice showed that the rates of spleen and symp-
tom response were 54.7% and 80% in 64 and 65 evaluable
patients, respectively, at 24 weeks. More importantly, the
study reported the incidence of adverse events related to
ruxolitinib administration. At 12 weeks, ruxolitinib-induced
grade 3 anemia and thrombocytopenia occurred in 40.6%
and 2.9% of evaluable patients, respectively, with 11 patients
(15.9%) experiencing at least one infectious event ≥ grade 2.
Notably, most patients (82.6%) were still on therapy after a
median follow-up of 27 months [68].

Findings from these studies suggest that patients with
lower-risk MF derive clinical benefit from treatment and that
ruxolitinib may be an effective treatment option for these pa-
tients without unexpected early toxicities. However, more
long-term follow-up is necessary, given that infections [69,
70] and nonmelanoma skin cancer [71, 72] have been ob-
served in some patients treated with ruxolitinib.

Table 3 Ruxolitinib in intermediate-1–risk vs intermediate-2–/high-risk myelofibrosis

Clinical trial Spleen response at
week 24, %

Incidence of grade
3/4 anemia, %

Incidence of grade 3/4
thrombocytopenia, %

Incidence of
infections, %

Discontinuation
rate, %

COMFORT-I (n = 155) [35, 53, 77] 41.9 45 13 ≈ 50 21

COMFORT-II (n = 146) [36, 63] 32 42 8 ≈ 50 38

JUMP (intermediate-1–risk patient
subgroup) (n = 163) [66]

56.9 24.5 11 40 19.6

Palandri F, et al. (n = 70) [68] 54.7 21.7 2.9 17.1 17.1

COMFORT-I Controlled Myelofibrosis Study With Oral JAK Inhibitor Treatment-1, COMFORT-II Controlled Myelofibrosis Study With Oral JAK
Inhibitor Treatment-II, JUMP JAK Inhibitor Ruxolitinib in Myelofibrosis Patients
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Data concerning use of IFN in early-stage MF

IFN may be effective in patients with early-stage MF who
have no or minimal splenomegaly (Fig. 3) [73–75]. IFN
has also been shown to result in improved bone marrow
morphology in patients with early-stage MF [11, 75].
However, little improvement in the fibrosis grade was
observed in six patients who initiated treatment with
IFN during early transformation to secondary MF [76].
Despite the lack of improvement in bone marrow fibrosis
in these patients, IFN led to improved hemoglobin levels
and reduced splenomegaly after an initial increase in
spleen size, suggesting some efficacy in patients with ear-
ly transformation to secondary MF. However, these find-
ings were from small studies, some of which were retro-
spective, and do not allow for definitive conclusions on
the use of IFN for the treatment of early-stage MF.

Balancing the pros and cons of early
treatment

Patients treated in the early phases of MF are projected to
have a longer survival than those in higher-risk categories
and are therefore likely to receive treatment for longer.
The potential for an increased risk of long-term toxicity
should therefore be taken into account when long-lasting
drug administration is expected. Overall, the safety profile
of ruxolitinib in patients with early-stage MF [64, 65, 67,
68] was consistent with that seen in patients in the
COMFORT studies [35, 36], with anemia and thrombocy-
topenia being the most common adverse events (even if
apparently less frequent in ruxolitinib-treated patients
with IPSS intermediate-1–risk MF than in those with
intermediate-2- or high-risk MF). In addition, the rates
of nonhematologic adverse events were similar to those
seen in the phase 3 studies, with no reports of herpes
zoster, hepatitis B, or tuberculosis [64, 65, 67, 68]. Of
note, patients in the randomized studies all had IPSS
high- and intermediate-2–risk MF and significant spleno-
megaly, possibly the two main risk factors for infections
in patients with MF [69].

Overall, rates of adverse events in lower-risk patients
were similar to those in higher-risk patients, and in
some cases lower, suggesting that earlier use of
ruxolitinib does not increase short-term toxicity in pa-
tients with MF (Table 3). It is, however, important to
mention that follow-up of ruxolitinib-treated patients
with lower-risk MF is still relatively short. This is of
particular relevance in the evaluation of events that may
be associated with longer treatment exposure, such as
second cancers.

Conclusions

The incorporation of ruxolitinib into routine clinical practice
has transformed the treatment landscape and outlook for many
patients withMF. However, questions remain regarding its use
in patients with early-stage MF. Several studies conducted in
patients with lower-risk MF suggest that ruxolitinib could
benefit patients in earlier phases of the disease. Additionally,
current findings suggest that ruxolitinib treatment may also
lead to improvements in morphology, possibly leading to de-
layed progression in these patients. However, no studies eval-
uating ruxolitinib vs a watch-and-wait strategy have been con-
ducted, and future studies will be needed to determine whether
drug-based therapy is appropriate in patients with early-stage
MF. Findings from randomized studies will be crucial in shap-
ing and validating the treatment strategy for patients with MF,
including those with early phases of the disease.

Acknowledgments We thank Karen Chinchilla, PhD, CMPP, of
ArticulateScience LLC, Hamilton, NJ, USA for her medical editorial
assistance, which was supported by Novartis Pharmaceuticals
Corporation.

Funding Medical editorial assistance with this manuscript was provided
by Karen Chinchilla, PhD, CMPP of ArticulateScience LLC, Hamilton,
NJ, USA. Financial support for medical editorial assistance was provided
by Novartis Pharmaceuticals Corporation. Authors had full control of the
content and made the final decision for all aspects of this article.

Compliance with ethical standards

Conflicts of interest Francesca Palandri has received an honorarium
from Novartis; Elena Sabattini has received honoraria from Novartis for
educational events. Margherita Maffioli has no conflict of interest.

References

1. Arber DA, Orazi A, Hasserjian R, Thiele J, Borowitz MJ, Le Beau
MM, Bloomfield CD, Cazzola M, Vardiman JW (2016) The 2016
revision to the World Health Organization classification of myeloid
neoplasms and acute leukemia. Blood 127:2391–2405. https://doi.
org/10.1182/blood-2016-03-643544

2. Cervantes F (2014) How I treat myelofibrosis. Blood 124:2635–
2642. https://doi.org/10.1182/blood-2014-07-575373

3. Cervantes F, Dupriez B, Pereira A, Passamonti F, Reilly JT, Morra
E, Vannucchi AM, Mesa RA, Demory JL, Barosi G, Rumi E,
Tefferi A (2009) New prognostic scoring system for primary mye-
lofibrosis based on a study of the International Working Group for
Myelofibrosis Research and Treatment. Blood 113:2895–2901.
https://doi.org/10.1182/blood-2008-07-170449

4. Passamonti F, Cervantes F, Vannucchi AM, Morra E, Rumi E,
Cazzola M, Tefferi A (2010) Dynamic International Prognostic
Scoring System (DIPSS) predicts progression to acute myeloid leu-
kemia in primary myelofibrosis. Blood 116:2857–2858. https://doi.
org/10.1182/blood-2010-06-293415

5. Gangat N, Caramazza D, Vaidya R, George G, Begna K, Schwager
S, van Dyke D, Hanson C, Wu W, Pardanani A, Cervantes F,
Passamonti F, Tefferi A (2011) DIPSS plus: a refined Dynamic

Ann Hematol (2019) 98:241–253 249

https://doi.org/10.1182/blood-2016-03-643544
https://doi.org/10.1182/blood-2016-03-643544
https://doi.org/10.1182/blood-2014-07-575373


International Prognostic Scoring System for primary myelofibrosis
that incorporates prognostic information from karyotype, platelet
count, and transfusion status. J Clin Oncol 29:392–397. https://
doi.org/10.1200/JCO.2010.32.2446

6. Vannucchi AM, Guglielmelli P, Rotunno G et al (2014) Mutation-
Enhanced International Prognostic Scoring System (MIPSS) for
primary myelofibrosis: an AGIMM & IWG-MRT project. Blood
124:abstract 405

7. Guglielmelli P, Lasho TL, Rotunno G et al (2018) MIPSS70:
Mutation-Enhanced International Prognostic Score System for
transplantation-age patients with primary myelofibrosis. J Clin
Oncol 35:310–318. https://doi.org/10.1200/JCO.2017.76.4886

8. Passamonti F, Giorgino T, Mora B, Guglielmelli P, Rumi E,
Maffioli M, Rambaldi A, Caramella M, Komrokji R, Gotlib J,
Kiladjian JJ, Cervantes F, Devos T, Palandri F, de Stefano V,
Ruggeri M, Silver RT, Benevolo G, Albano F, Caramazza D,
Merli M, Pietra D, Casalone R, Rotunno G, Barbui T, Cazzola M,
Vannucchi AM (2017) A clinical-molecular prognostic model to
predict survival in patients with post polycythemia vera and post
essential thrombocythemia myelofibrosis. Leukemia 31:2726–
2731. https://doi.org/10.1038/leu.2017.169

9. Barosi G (2014) Essential thrombocythemia vs. early/prefibrotic
myelofibrosis: why does it matter. Best Pract Res Clin Haematol
27:129–140. https://doi.org/10.1016/j.beha.2014.07.004

10. Gong X, Lu X, Xiao X, Wang W, Yang J, Fu Y, Zheng Y, Tang Q,
Zhang X (2014) Clinicopathologic characteristics of prefibrotic-
early primary myelofibrosis in Chinese patients. Hum Pathol 45:
498–503. https://doi.org/10.1016/j.humpath.2013.08.021

11. Pizzi M, Silver RT, Barel A, Orazi A (2015) Recombinant
interferon-alpha in myelofibrosis reduces bone marrow fibrosis,
improves its morphology and is associated with clinical response.
Mod Pathol 28:1315–1323. https://doi.org/10.1038/modpathol.
2015.93

12. Mughal TI, Vaddi K, Sarlis NJ, Verstovsek S (2014)Myelofibrosis-
associated complications: pathogenesis, clinical manifestations, and
effects on outcomes. Int J Gen Med 7:89–101. https://doi.org/10.
2147/IJGM.S51800

13. Cazzola M, Kralovics R (2014) From Janus kinase 2 to calreticulin:
the clinically relevant genomic landscape of myeloproliferative
neoplasms. Blood 123:3714–3719. https://doi.org/10.1182/blood-
2014-03-530865

14. Tefferi A (2016) Primary myelofibrosis: 2017 update on diagnosis,
risk-stratification, and management. Am J Hematol 91:1262–1271.
https://doi.org/10.1002/ajh.24592

15. Pikman Y, Lee BH, Mercher T, McDowell E, Ebert BL, Gozo M,
Cuker A, Wernig G, Moore S, Galinsky I, DeAngelo DJ, Clark JJ,
Lee SJ, Golub TR, Wadleigh M, Gilliland DG, Levine RL (2006)
MPLW515L is a novel somatic activating mutation in myelofibrosis
with myeloid metaplasia. PLoS Med 3:e270. https://doi.org/10.
1371/journal.pmed.0030270

16. Klampfl T, Gisslinger H, Harutyunyan AS, Nivarthi H, Rumi E,
Milosevic JD, Them NCC, Berg T, Gisslinger B, Pietra D, Chen D,
Vladimer GI, Bagienski K, Milanesi C, Casetti IC, Sant'Antonio E,
Ferretti V, Elena C, Schischlik F, Cleary C, Six M, Schalling M,
Schönegger A, Bock C, Malcovati L, Pascutto C, Superti-Furga G,
Cazzola M, Kralovics R (2013) Somatic mutations of calreticulin in
myeloproliferative neoplasms. N Engl J Med 369:2379–2390.
https://doi.org/10.1056/NEJMoa1311347

17. Nangalia J, Massie CE, Baxter EJ, Nice FL, Gundem G, Wedge
DC, Avezov E, Li J, Kollmann K, Kent DG, Aziz A, Godfrey AL,
Hinton J, Martincorena I, van Loo P, Jones AV, Guglielmelli P,
Tarpey P, Harding HP, Fitzpatrick JD, Goudie CT, Ortmann CA,
Loughran SJ, Raine K, Jones DR, Butler AP, Teague JW, O'Meara
S, McLaren S, Bianchi M, Silber Y, Dimitropoulou D, Bloxham D,
Mudie L, Maddison M, Robinson B, Keohane C, Maclean C, Hill
K, Orchard K, Tauro S, duMQ, Greaves M, Bowen D, Huntly BJP,

Harrison CN, Cross NCP, Ron D, Vannucchi AM, Papaemmanuil
E, Campbell PJ, Green AR (2013) Somatic CALR mutations in
myeloproliferative neoplasms with nonmutated JAK2. N Engl J
Med 369:2391–2405. https://doi.org/10.1056/NEJMoa1312542

18. Rumi E, Pietra D, Pascutto C, Guglielmelli P, Martinez-Trillos A,
Casetti I, Colomer D, Pieri L, Pratcorona M, Rotunno G,
Sant'Antonio E, Bellini M, Cavalloni C, Mannarelli C, Milanesi
C, Boveri E, Ferretti V, Astori C, Rosti V, Cervantes F, Barosi G,
Vannucchi AM, Cazzola M, on behalf of the Associazione Italiana
per la Ricerca sul Cancro Gruppo Ita l iano Mala t t ie
Mieloproliferative Investigators (2014) Clinical effect of driver mu-
tations of JAK2, CALR or MPL in primary myelofibrosis. Blood
124:1062–1069. https://doi.org/10.1182/blood-2014-05-578435

19. Tefferi A, Lasho TL, Finke C, Belachew AA, Wassie EA,
Ketterling RP, Hanson CA, Pardanani A (2014) Type 1 vs type 2
calreticulin mutations in primary myelofibrosis: differences in phe-
notype and prognostic impact. Leukemia 28:1568–1570. https://
doi.org/10.1038/leu.2014.83

20. Tefferi A, Lasho TL, Tischer A, Wassie EA, Finke CM, Belachew
AA, Ketterling RP, Hanson CA, Pardanani AD (2014) The prog-
nostic advantage of calreticulinmutations in myelofibrosis might be
confined to type 1 or type 1-like CALR variants. Blood 124:2465–
2466. https://doi.org/10.1182/blood-2014-07-588426

21. Guglielmelli P, Rotunno G, Fanelli T, Pacilli A, Brogi G, Calabresi
L, Pancrazzi A, Vannucchi AM (2015) Validation of the differential
prognostic impact of type 1/type 1-like versus type 2/type 2-like
CALR mutations in myelofibrosis. Blood Cancer J 5:e360. https://
doi.org/10.1038/bcj.2015.90

22. Tefferi A, Lasho TL, Finke CM, Knudson RA, Ketterling R,
Hanson CH, Maffioli M, Caramazza D, Passamonti F, Pardanani
A (2014) CALR vs JAK2 vs MPL-mutated or triple-negative my-
elofibrosis: clinical, cytogenetic and molecular comparisons.
Leukemia 28:1472–1477. https://doi.org/10.1038/leu.2014.3

23. Vannucchi AM, Lasho TL, Guglielmelli P, Biamonte F, Pardanani
A, Pereira A, Finke C, Score J, Gangat N, Mannarelli C, Ketterling
RP, Rotunno G, Knudson RA, Susini MC, Laborde RR, Spolverini
A, Pancrazzi A, Pieri L, Manfredini R, Tagliafico E, Zini R, Jones
A, Zoi K, Reiter A, Duncombe A, Pietra D, Rumi E, Cervantes F,
Barosi G, Cazzola M, Cross NCP, Tefferi A (2013) Mutations and
prognosis in primary myelofibrosis. Leukemia 27:1861–1869.
https://doi.org/10.1038/leu.2013.119

24. Barbui T, Tefferi A, Vannucchi AM, Passamonti F, Silver RT,
Hoffman R, Verstovsek S, Mesa R, Kiladjian JJ, Hehlmann R,
Reiter A, Cervantes F, Harrison C, Mc Mullin MF, Hasselbalch
HC, Koschmieder S, Marchetti M, Bacigalupo A, Finazzi G,
Kroeger N, Griesshammer M, Birgegard G, Barosi G (2018)
Philadelphia chromosome-negative classical myeloproliferative
neoplasms: revised management recommendations from
European LeukemiaNet. Leukemia 32:1057–1069. https://doi.org/
10.1038/s41375-018-0077-1

25. National Comprehensive Cancer Network (2016) NCCN
Guidelines. Myeloproliferative Neoplasms Version 2.2017.
https://www.nccn org/professionals/physician_gls/pdf/mpn pdf:
Accessed November 11, 2016

26. Vannucchi AM, Barbui T, Cervantes F, Harrison C, Kiladjian JJ,
Kroger N, Thiele J, Buske C, Guidelines Committee ESMO (2015)
Philadelphia chromosome-negative chronic myeloproliferative
neoplasms: ESMO clinical practice guidelines for diagnosis, treat-
ment and follow-up. Ann Oncol 26(Suppl 5):v85–v99. https://doi.
org/10.1093/annonc/mdv203

27. Kröger NM, Deeg JH, Olavarria E, Niederwieser D, Bacigalupo A,
Barbui T, Rambaldi A, Mesa R, Tefferi A, Griesshammer M, Gupta
V, Harrison C, Alchalby H, Vannucchi AM, Cervantes F, Robin M,
Ditschkowski M, Fauble V, McLornan D, Ballen K, Popat UR,
Passamonti F, Rondelli D, Barosi G (2015) Indication and manage-
ment of allogeneic stem cell transplantation in primary

250 Ann Hematol (2019) 98:241–253

https://doi.org/10.1038/leu.2017.169
https://doi.org/10.1016/j.beha.2014.07.004
https://doi.org/10.1016/j.humpath.2013.08.021
https://doi.org/10.1038/modpathol.2015.93
https://doi.org/10.1038/modpathol.2015.93
https://doi.org/10.2147/IJGM.S51800
https://doi.org/10.2147/IJGM.S51800
https://doi.org/10.1182/blood-2014-03-530865
https://doi.org/10.1182/blood-2014-03-530865
https://doi.org/10.1002/ajh.24592
https://doi.org/10.1371/journal.pmed.0030270
https://doi.org/10.1371/journal.pmed.0030270
https://doi.org/10.1056/NEJMoa1311347
https://doi.org/10.1056/NEJMoa1312542
https://doi.org/10.1182/blood-2014-05-578435
https://doi.org/10.1038/leu.2014.83
https://doi.org/10.1038/leu.2014.83
https://doi.org/10.1182/blood-2014-07-588426
https://doi.org/10.1038/bcj.2015.90
https://doi.org/10.1038/bcj.2015.90
https://doi.org/10.1038/leu.2014.3
https://doi.org/10.1038/leu.2013.119
https://doi.org/10.1038/s41375-018-0077-1
https://doi.org/10.1038/s41375-018-0077-1
https://www.nccn
https://doi.org/10.1093/annonc/mdv203
https://doi.org/10.1093/annonc/mdv203


myelofibrosis: a consensus process by an EBMT/ELN International
Working Group. Leukemia 29:2126–2133. https://doi.org/10.1038/
leu.2015.233

28. Kröger N, Giorgino T, Scott BL et al (2015) Impact of allogeneic
stem cell transplantation on survival of patients less than 65 years of
age with primary myelofibrosis. Blood 125:3347–3350; quiz 3364.
https://doi.org/10.1182/blood-2014-10-608315

29. Kröger N, Thiele J, Zander A, Schwerdtfeger R, Kobbe G,
Bornhäuser M, Bethge W, Schubert J, de Witte T, Kvasnicka
HM, MDS-Subcommittee of the Chronic Leukaemia Working
Party of the European Group for Blood and Marrow
Transplantation (2007) Rapid regression of bone marrow fibrosis
after dose-reduced allogeneic stem cell transplantation in patients
with primary myelofibrosis. Exp Hematol 35:1719–1722. https://
doi.org/10.1016/j.exphem.2007.08.022

30. Kröger N, Zabelina T, Alchalby H, Stübig T, Wolschke C, Ayuk F,
von Hünerbein N, Kvasnicka HM, Thiele J, Kreipe HH, Büsche G
(2014) Dynamic of bone marrow fibrosis regression predicts sur-
vival after allogeneic stem cell transplantation for myelofibrosis.
Biol Blood Marrow Transplant 20:812–815. https://doi.org/10.
1016/j.bbmt.2014.02.019

31. Gupta V, Gotlib J, Radich JP, Kröger NM, Rondelli D, Verstovsek
S, Deeg HJ (2014) Janus kinase inhibitors and allogeneic stem cell
transplantation for myelofibrosis. Biol Blood Marrow Transplant
20:1274–1281. https://doi.org/10.1016/j.bbmt.2014.03.017

32. Ballen KK, Shrestha S, Sobocinski KA, Zhang MJ, Bashey A,
Bolwell BJ, Cervantes F, Devine SM, Gale RP, Gupta V, Hahn
TE, Hogan WJ, Kröger N, Litzow MR, Marks DI, Maziarz RT,
McCarthy PL, Schiller G, Schouten HC, Roy V, Wiernik PH,
Horowitz MM, Giralt SA, Arora M (2010) Outcome of transplan-
tation for myelofibrosis. Biol Blood Marrow Transplant 16:358–
367. https://doi.org/10.1016/j.bbmt.2009.10.025

33. Martínez-Trillos A, Gaya A, Maffioli M, Arellano-Rodrigo E,
Calvo X, Díaz-Beyá M, Cervantes F (2010) Efficacy and tolerabil-
ity of hydroxyurea in the treatment of the hyperproliferative mani-
festations of myelofibrosis: results in 40 patients. Ann Hematol 89:
1233–1237. https://doi.org/10.1007/s00277-010-1019-9

34. Kiladjian JJ (2015) Current therapies and their indications for the
Philadelphia-negative myeloproliferative neoplasms. Am Soc Clin
Oncol Educ Book e389–96. https://doi.org/10.14694/EdBook_
AM.2015.35.e389

35. Verstovsek S, Mesa RA, Gotlib J, Levy RS, Gupta V, DiPersio JF,
Catalano JV, Deininger M, Miller C, Silver RT, Talpaz M, Winton
EF, Harvey JH Jr, Arcasoy MO, Hexner E, Lyons RM, Paquette R,
Raza A, Vaddi K, Erickson-Viitanen S, Koumenis IL, Sun W,
Sandor V, Kantarjian HM (2012) A double-blind, placebo-
controlled trial of ruxolitinib for myelofibrosis. N Engl J Med
366:799–807. https://doi.org/10.1056/NEJMoa1110557

36. Harrison C, Kiladjian JJ, Al-Ali HK et al (2012) JAK inhibition
with ruxolitinib versus best available therapy for myelofibrosis. N
Engl J Med 366:787–798 . h t tps : / /do i .o rg /10 .1056/
NEJMoa1110556

37. Mesa RA, Gotlib J, Gupta V, Catalano JV, Deininger MW, Shields
AL, Miller CB, Silver RT, Talpaz M, Winton EF, Harvey JH, Hare
T, Erickson-Viitanen S, Sun W, Sandor V, Levy RS, Kantarjian
HM, Verstovsek S (2013) Effect of ruxolitinib therapy on
myelofibrosis-related symptoms and other patient-reported out-
comes in COMFORT-I: a randomized, double-blind, placebo-
controlled trial. J Clin Oncol 31:1285–1292. https://doi.org/10.
1200/JCO.2012.44.4489

38. Harrison CN, Mesa RA, Kiladjian JJ, al-Ali HK, Gisslinger H,
Knoops L, Squier M, Sirulnik A, Mendelson E, Zhou X, Copley-
Merriman C, Hunter DS, Levy RS, Cervantes F, Passamonti F,
Barbui T, Barosi G, Vannucchi AM (2013) Health-related quality
of life and symptoms in patients with myelofibrosis treated with

ruxolitinib versus best available therapy. Br J Haematol 162:229–
239. https://doi.org/10.1111/bjh.12375

39. Cervantes F, Pereira A (2017) Does ruxolitinib prolong the survival
of patients with myelofibrosis? Blood 129:832–837. https://doi.org/
10.1182/blood-2016-11-731604

40. Sever M, Newberry KJ, Verstovsek S (2014) Therapeutic options
for patients with polycythemia vera and essential thrombocythemia
refractory/resistant to hydroxyurea. Leuk Lymphoma 55:2685–
2690. https://doi.org/10.3109/10428194.2014.893310

41. Thiele J, Kvasnicka HM, Facchetti F, Franco V, van der Walt J,
Orazi A (2005) European consensus on grading bone marrow fi-
brosis and assessment of cellularity. Haematologica 90:1128–1132

42. Barbui T, Thiele J, Passamonti F, Rumi E, Boveri E, Ruggeri M,
Rodeghiero F, d'Amore ESG, Randi ML, Bertozzi I, Marino F,
Vannucchi AM, Antonioli E, Carrai V, Gisslinger H, Buxhofer-
Ausch V, Müllauer L, Carobbio A, Gianatti A, Gangat N, Hanson
CA, Tefferi A (2011) Survival and disease progression in essential
thrombocythemia are significantly influenced by accurate morpho-
logic diagnosis: an international study. J Clin Oncol 29:3179–3184.
https://doi.org/10.1200/JCO.2010.34.5298

43. Hernández-Boluda JC, Pereira A, Correa JG, Alvarez-Larrán A,
Ferrer-Marín F, Raya JM, Martínez-López J, Pérez-Encinas M,
Estrada N, Velez P, Fox ML, García-Gutiérrez V, Payer A,
Kerguelen A, Cuevas B, Durán MA, Ramírez MJ, Gómez-
Casares MT, Mata-Vázquez MI, Mora E, Martínez-Valverde C,
Gómez M, Cervantes F (2018) Performance of the myelofibrosis
secondary to PV and ET-prognostic model (MYSEC-PM) in a se-
ries of 262 patients from the Spanish registry of myelofibrosis.
Leukemia 32:553–555. https://doi.org/10.1038/leu.2017.297

44. Geyer HL, Emanuel RM, Dueck AC et al (2014) Distinct clustering
of symptomatic burden amongst myeloproliferative neoplasm pa-
tients: retrospective assessment in 1470 patients. Blood 123:1803–
3810. https://doi.org/10.1182/blood-2013-09-527903

45. Guglielmelli P, Lasho TL, Rotunno G, Score J, Mannarelli C,
Pancrazzi A, Biamonte F, Pardanani A, Zoi K, Reiter A,
Duncombe A, Fanelli T, Pietra D, Rumi E, Finke C, Gangat N,
Ketterling RP, Knudson RA, Hanson CA, Bosi A, Pereira A,
Manfredini R, Cervantes F, Barosi G, Cazzola M, Cross NCP,
Vannucchi AM, Tefferi A (2014) The number of prognostically
detrimental mutations and prognosis in primary myelofibrosis: an
international study of 797 patients. Leukemia 28:1804–1810.
https://doi.org/10.1038/leu.2014.76

46. Rotunno G, Pacilli A, Artusi V, Rumi E, Maffioli M, Delaini F,
Brogi G, Fanelli T, Pancrazzi A, Pietra D, Bernardis I, Belotti C,
Pieri L, Sant'Antonio E, Salmoiraghi S, Cilloni D, Rambaldi A,
Passamonti F, Barbui T, Manfredini R, Cazzola M, Tagliafico E,
Vannucchi AM, Guglielmelli P (2016) Epidemiology and clinical
relevance of mutations in postpolycythemia vera and postessential
thrombocythemia myelofibrosis: a study on 359 patients of the
AGIMM Group. Am J Hematol 91:681–686. https://doi.org/10.
1002/ajh.24377

47. Tefferi A, Lasho TL, Hanson CA, Ketterling RP, Gangat N,
Pardanani A (2017) Screening for ASXL1 and SRSF2 mutations
is imperative for treatment decision-making in otherwise low or
intermediate-1 risk patients with myelofibrosis. Br J Haematol.
https://doi.org/10.1111/bjh.15010

48. Mesa R, Miller CB, Thyne M, Mangan J, Goldberger S, Fazal S,
Ma X, Wilson W, Paranagama DC, Dubinski DG, Boyle J,
Mascarenhas JO (2016) Myeloproliferative neoplasms (MPNs)
have a significant impact on patients' overall health and productiv-
ity: the MPN landmark survey. BMC Cancer 16:167. https://doi.
org/10.1186/s12885-016-2208-2

49. Harrison CN, Koschmieder S, Foltz L, Guglielmelli P, Flindt T,
Koehler M, Mathias J, Komatsu N, Boothroyd RN, Spierer A,
Perez Ronco J, Taylor-Stokes G, Waller J, Mesa RA (2017) The
impact of myeloproliferative neoplasms (MPNs) on patient quality

Ann Hematol (2019) 98:241–253 251

https://doi.org/10.1182/blood-2014-10-608315
https://doi.org/10.1016/j.exphem.2007.08.022
https://doi.org/10.1016/j.exphem.2007.08.022
https://doi.org/10.1016/j.bbmt.2014.02.019
https://doi.org/10.1016/j.bbmt.2014.02.019
https://doi.org/10.1016/j.bbmt.2014.03.017
https://doi.org/10.1016/j.bbmt.2009.10.025
https://doi.org/10.1007/s00277-010-1019-9
https://doi.org/10.14694/EdBook_AM.2015.35.e389
https://doi.org/10.14694/EdBook_AM.2015.35.e389
https://doi.org/10.1056/NEJMoa1110557
https://doi.org/10.1056/NEJMoa1110556
https://doi.org/10.1056/NEJMoa1110556
https://doi.org/10.1200/JCO.2012.44.4489
https://doi.org/10.1200/JCO.2012.44.4489
https://doi.org/10.1111/bjh.12375
https://doi.org/10.1182/blood-2016-11-731604
https://doi.org/10.1182/blood-2016-11-731604
https://doi.org/10.3109/10428194.2014.893310
https://doi.org/10.1200/JCO.2010.34.5298
https://doi.org/10.1038/leu.2017.297
https://doi.org/10.1182/blood-2013-09-527903
https://doi.org/10.1038/leu.2014.76
https://doi.org/10.1111/bjh.15010
https://doi.org/10.1186/s12885-016-2208-2
https://doi.org/10.1186/s12885-016-2208-2


of life and productivity: results from the international MPN land-
mark survey. Ann Hematol 96:1653–1665. https://doi.org/10.1007/
s00277-017-3082-y

50. Tefferi A, Lasho TL, Jimma T, Finke CM, Gangat N, Vaidya R,
Begna KH, al-Kali A, Ketterling RP, Hanson CA, Pardanani A
(2012) One thousand patients with primary myelofibrosis: the
Mayo Clinic experience. Mayo Clin Proc 87:25–33. https://doi.
org/10.1016/j.mayocp.2011.11.001

51. Guglielmelli P, Rotunno G, Pacilli A et al (2016) Differences in
clinical and molecular characteristics and outcome in prefibrotic
and overt primary myelofibrosis according to 2016 WHO criteria.
A study on 639 patients of the AGIMMGroup. Blood 128:abstract
943

52. Harrison CN, Vannucchi AM, Kiladjian JJ et al (2015) Long-term
efficacy and safety in COMFORT-II, a phase 3 study comparing
ruxolitinib with best available therapy for the treatment of myelo-
fibrosis: 5-year final study results. Blood 126:abstract 59

53. Verstovsek S, Mesa RA, Gotlib J et al (2017) Long-term treatment
with ruxolitinib for patients with myelofibrosis: 5-year update from
the randomized, double-blind, placebo-controlled, phase 3
COMFORT-I trial. J Hematol Oncol 10:55. https://doi.org/10.
1186/s13045-017-0417-z

54. Verstovsek S, Gupta V, Gotlib JR et al (2016) A pooled overall
survival (OS) analysis of 5-year data from the COMFORT-I and
COMFORT-II trials of ruxolitinib for the treatment of myelofibrosis
(MF). Blood 128:abstract 3110

55. Verstovsek S, Mesa RA, Gotlib J, Levy RS, Gupta V, DiPersio JF,
Catalano JV, Deininger MWN, Miller CB, Silver RT, Talpaz M,
Winton EF, Harvey JH, Arcasoy MO, Hexner EO, Lyons RM,
Paquette R, Raza A, Vaddi K, Erickson-Viitanen S, Sun W,
Sandor V, Kantarjian HM (2013) Efficacy, safety and survival with
ruxolitinib in patients with myelofibrosis: results of a median 2-year
follow-up of COMFORT-I. Haematologica 98:1865–1871. https://
doi.org/10.3324/haematol.2013.092155

56. Vannucchi AM, Kantarjian HM, Kiladjian JJ, Gotlib J, Cervantes F,
Mesa RA, Sarlis NJ, PengW, Sandor V, Gopalakrishna P, Hmissi A,
Stalbovskaya V, Gupta V, Harrison C, Verstovsek S, on behalf of
the COMFORT Investigators (2015) A pooled analysis of overall
survival in COMFORT-I and COMFORT-II, 2 randomized phase 3
trials of ruxolitinib for the treatment of myelofibrosis.
Haematologica 100:1139–1145. https://doi.org/10.3324/haematol.
2014.119545

57. Passamonti F, Maffioli M, Cervantes F, Vannucchi AM, Morra E,
Barbui T, Caramazza D, Pieri L, Rumi E, Gisslinger H, Knoops L,
Kiladjian JJ, Mora B, Hollaender N, Pascutto C, Harrison C,
Cazzola M (2014) Impact of ruxolitinib on the natural history of
primary myelofibrosis: a comparison of the DIPSS and the
COMFORT-2 cohorts. Blood 123:1833–1835. https://doi.org/10.
1182/blood-2013-12-544411

58. Mesa RA, Gotlib J, Kantarjian H, Sun W, Verstovsek S (2012)
Clinical benefits of ruxolitinib therapy in myelofibrosis patients
with varying degrees of splenomegaly and symptoms. Poster pre-
sented at: 2012 American Society of Hematology Annual Meeting
and Exposition; Atlanta, GA

59. Palandri F, Palumbo GA, Bonifacio M et al (2016) Predictors for
response to ruxolitinib in real-life: an observational independent
study on 408 patients with myelofibrosis. Blood 128:abstract 1128

60. Kvasnicka HM, Thiele J, Bueso-Ramos C, Hou K, Cortes J,
Kantarjian H, Verstovsek S (2013) Exploratory analysis of the ef-
fect of ruxolitinib on bone marrow morphology in patients with
myelofibrosis. J Clin Oncol 31:abstract 7030

61. Kvasnicka HM, Thiele J, Bueso-Ramos CE, Sun W, Cortes J,
Kantarjian HM, Verstovsek S (2013) Effects of five-years of
ruxolitinib therapy on bone marrow morphology in patients with
myelofibrosis and comparison with best available therapy. Blood
122:abstract 4055

62. Wilkins BS, Radia D, Woodley C, El Farhi S, Keohane C, Harrison
CN (2013) Resolution of bone marrow fibrosis in a patient receiv-
ing JAK1/JAK2 inhibitortreatment with ruxolitinib. Haematologica
98:1872–1876. https://doi.org/10.3324/haematol.2013.095109

63. Harrison CN, Vannucchi AM, Kiladjian J-J et al (2016) Long-term
findings from COMFORT-II, a phase 3 study of ruxolitinib vs best
available therapy for myelofibrosis. Leukemia 30:1701–1707.
https://doi.org/10.1038/leu.2016.148

64. Mead AJ, Milojkovic D, Knapper S, Garg M, Chacko J,
Farquharson M, Yin J, Ali S, Clark RE, Andrews C, Dawson
MK, Harrison C (2015) Response to ruxolitinib in patients with
intermediate-1-, intermediate-2-, and high-risk myelofibrosis: re-
sults of the UK ROBUST trial. Br J Haematol 170:29–39. https://
doi.org/10.1111/bjh.13379

65. Passamonti F, Gupta V, Martino B, et al (2017) Comparing the
safety and efficacy of ruxolitinib (RUX) in patients (PTS) with
DIPSS low/intermediate-1–, intermediate-2–, and high-risk myelo-
fibrosis (MF) in JUMP, a phase 3B, expanded-access study. EHA
annual meeting; June 22-25, 2017; Madrid, Spain [abstract E1333]

66. Al-Ali HK, Griesshammer M, le Coutre P et al (2016) Safety and
efficacy of ruxolitinib in an open-label, multicenter, single-arm
phase 3b expanded-access study in patients with myelofibrosis: a
snapshot of 1144 patients in the JUMP trial. Haematologica 101:
1065–1073. https://doi.org/10.3324/haematol.2016.143677

67. Davis KL, Cote I, Kaye JA, Mendelson E, Goa H, Perez Ronco J
(2015) Real-world assessment of clinical outcomes in patients with
lower-risk myelofibrosis receiving treatment with ruxolitinib. Adv
Hematol 2015:848473. https://doi.org/10.1155/2015/848473

68. Palandri F, Tiribelli M, Benevolo G et al (2017) Efficacy and safety
of ruxolitinib in intermediate-1 IPSS risk myelofibrosis patients:
results from an independent study. Hematol Oncol 36:285–290.
https://doi.org/10.1002/hon.2429

69. Polverelli N, Breccia M, Benevolo G, Martino B, Tieghi A,
Latagliata R, Sabattini E, Riminucci M, Godio L, Catani L,
Nicolosi M, Perricone M, Sollazzo D, Colafigli G, Campana A,
Merli F, Vitolo U, Alimena G, Martinelli G, Lewis RE, Vianelli
N, Cavo M, Palandri F (2017) Risk factors for infections in mye-
lofibrosis: role of disease status and treatment. A multicenter study
of 507 patients. Am J Hematol 92:37–41. https://doi.org/10.1002/
ajh.24572

70. Polverelli N, Palumbo GA, Binotto G, Abruzzese E, Benevolo G,
Bergamaschi M, Tieghi A, Bonifacio M, Breccia M, Catani L,
Tiribelli M, D'Adda M, Sgherza N, Isidori A, Cavazzini F,
Martino B, Latagliata R, Crugnola M, Heidel F, Bosi C, Ibatici A,
Soci F, Penna D, Scaffidi L, Aversa F, Lemoli RM, Vitolo U, Cuneo
A, Russo D, Cavo M, Vianelli N, Palandri F (2018) Epidemiology,
outcome, and risk factors for infectious complications in myelofi-
brosis patients receiving ruxolitinib: a multicenter study on 446
patients. Hematol Oncol [Epub ahead of print] 36:561–569.
https://doi.org/10.1002/hon.2509

71. Kiladjian J-J, Verstovsek S, Griesshammer M et al (2017) Results
from the 208-week (4-year) follow-up of RESPONSE trial, a phase
3 study comparing ruxolitinib (Rux) with best available therapy
(BAT) for the treatment of polycythemia vera (PV). Blood 130:
abstract 322

72. Griesshammer M, Saydam G, Palandri F, Benevolo G, Egyed M,
Callum J, Devos T, Sivgin S, Guglielmelli P, Bensasson C,KhanM,
Ronco JP, Passamonti F (2018) Ruxolitinib for the treatment of
inadequately controlled polycythemia vera without splenomegaly:
80-week follow-up from the RESPONSE-2 trial. Ann Hematol 97:
1591–1600. https://doi.org/10.1007/s00277-018-3365-y

73. Ianotto JC, Boyer-Perrard F, Gyan E, Laribi K, Cony-Makhoul P,
Demory JL, de Renzis B, Dosquet C, Rey J, Roy L, Dupriez B,
Knoops L, Legros L, Malou M, Hutin P, Ranta D, Schoenwald M,
Andreoli A, Abgrall JF, Kiladjian JJ (2013) Efficacy and safety of
pegylated-interferon alpha-2a in myelofibrosis: a study by the FIM

252 Ann Hematol (2019) 98:241–253

https://doi.org/10.1007/s00277-017-3082-y
https://doi.org/10.1007/s00277-017-3082-y
https://doi.org/10.1016/j.mayocp.2011.11.001
https://doi.org/10.1016/j.mayocp.2011.11.001
https://doi.org/10.1186/s13045-017-0417-z
https://doi.org/10.1186/s13045-017-0417-z
https://doi.org/10.3324/haematol.2013.092155
https://doi.org/10.3324/haematol.2013.092155
https://doi.org/10.3324/haematol.2014.119545
https://doi.org/10.3324/haematol.2014.119545
https://doi.org/10.1182/blood-2013-12-544411
https://doi.org/10.1182/blood-2013-12-544411
https://doi.org/10.3324/haematol.2013.095109
https://doi.org/10.1038/leu.2016.148
https://doi.org/10.1111/bjh.13379
https://doi.org/10.1111/bjh.13379
https://doi.org/10.3324/haematol.2016.143677
https://doi.org/10.1155/2015/848473
https://doi.org/10.1002/hon.2429
https://doi.org/10.1002/ajh.24572
https://doi.org/10.1002/ajh.24572
https://doi.org/10.1002/hon.2509
https://doi.org/10.1007/s00277-018-3365-y


and GEM French Cooperative Groups. Br J Haematol 162:783–
791. https://doi.org/10.1111/bjh.12459

74. Gowin K, Thapaliya P, Samuelson J, Harrison C, Radia D,
Andreasson B, Mascarenhas J, Rambaldi A, Barbui T, Rea CJ,
Camoriano J, Gentry A, Kiladjian JJ, O'Connell C, Mesa R
(2012) Experience with pegylated interferon alpha-2a in advanced
myeloproliferative neoplasms in an international cohort of 118 pa-
tients. Haematologica 97:1570–1573. https://doi.org/10.3324/
haematol.2011.061390

75. Silver RT, Barel A, Lascu E, Ritchie EK, Roboz GJ, Christos P,
Orazi A, Hassane DC, Tam W, Cross NCP (2016) The effect of
initial molecular profile on response to recombinant interferon al-
pha (rIFNα) treatment in early myelofibrosis. Blood 128:abstract
944

76. O'Neill C, Siddiqi I, Brynes RK, Vergara-Lluri M, Moschiano E,
O'Connell C (2016) Pegylated interferon for the treatment of early
myelofibrosis: correlation of serial laboratory studies with response
to therapy. Ann Hematol 95:733–738. https://doi.org/10.1007/
s00277-016-2631-0

77. Verstovsek S, Mesa RA, Gotlib J, Levy RS, Gupta V, DiPersio JF,
Catalano JV, Deininger MWN, Miller CB, Silver RT, Talpaz M,
Winton EF, Harvey JH, Arcasoy MO, Hexner EO, Lyons RM,
Raza A, Vaddi K, Sun W, Peng W, Sandor V, Kantarjian H, For
the COMFORT-I investigators (2015) Efficacy, safety, and survival
with ruxolitinib in patients with myelofibrosis: results of a median
3-year follow-up of COMFORT-I. Haematologica 100:479–488.
https://doi.org/10.3324/haematol.2014.115840

Ann Hematol (2019) 98:241–253 253

https://doi.org/10.3324/haematol.2011.061390
https://doi.org/10.3324/haematol.2011.061390
https://doi.org/10.1007/s00277-016-2631-0
https://doi.org/10.1007/s00277-016-2631-0
https://doi.org/10.3324/haematol.2014.115840

	Treating early-stage myelofibrosis
	Abstract
	Introduction
	Prognostic implications of driver and subclonal molecular mutations in PMF
	Guidelines for treatment of MF
	Early-stage MF as a clinical mimicker for other entities
	Prefibrotic or early PMF according to 2017 WHO criteria
	Patients with MF at lower risk per IPSS

	Triggers for early treatment
	Presence of subclonal mutations
	Disease burden

	Rationale for earlier treatment in MF
	MF is a progressive disease
	Ruxolitinib treatment is associated with survival benefits in MF
	Ruxolitinib treatment is more effective in patients with lower burden of the disease
	Medical treatment may reduce mutation load and marrow fibrosis

	Data concerning use of ruxolitinib in early-stage MF
	Data concerning use of IFN in early-stage MF
	Balancing the pros and cons of early treatment
	Conclusions
	References


