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ABSTRACT

Patients with myeloproliferative neoplasms
(MPNs), a group of rare haematological condi-
tions including polycythaemia vera, essential
thrombocythaemia, and myelofibrosis, often
experience a range of symptoms which can
significantly impact their quality of life (QoL).
Although symptom burden is highest in
myelofibrosis and high-risk patients, lower-risk
patients also report symptoms impacting their
daily life and ability to work. In addition to
physical symptoms, MPNs affect emotional
well-being, with anxiety and depression fre-
quently reported by patients. Despite significant
advances in treatment options, such as the
introduction of JAK1/JAK2 inhibitors, therapy
for MPNs is often palliative; therefore, reduc-
tion of symptoms and improvement of QoL
should be considered as major treatment goals.
One of the main issues impacting MPN treat-
ment is the discord between patient and

physician perceptions of symptom burden,
treatment goals, and expectations. New tech-
nologies, such as app-based reporting, can aid
this communication, but are still not widely
implemented. Additionally, regional variation
further affects the psychosocial burden of MPNs
on patients and their associates, as treatments
and access to clinical trials are options for
patients living in some areas, but not others.
Overcoming some of the challenges in
patient–physician communication and treat-
ment access are key to improving disease man-
agement and QoL, as well as giving the patient
greater input in treatment decisions.

PLAIN LANGUAGE SUMMARY

Myeloproliferative neoplasms (MPNs) are a
group of blood diseases where the body makes
too many blood cells. Patients with MPNs can
have symptoms which interfere with their daily
lives, such as tiredness, pain, sweating at night,
dizziness, itching, and difficulty sleeping. They
also often suffer from anxiety and/or depres-
sion. In nearly all cases, physicians cannot cure
the disease, but drugs can prevent blood clots
and reduce the speed at which the disease gets
worse. Usually, the main aim of treatment is
improving patients’ quality of life (QoL). Tar-
geted drugs, such as ruxolitinib, treat MPNs and
reduce symptoms, but do not cure the disease.
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Patients frequently want to play a bigger part in
decisions about their treatment. However,
physicians and patients often have different
views on how well treatments are working and
what to expect from the treatment. This can
mean that patients feel they are not getting the
best treatment for their symptoms. Also, patients
may not be able to get some treatments or take
part in a trial of a new drug, depending on where
they live. This creates feelings of unfairness
which can affect their mental health. Addressing
all these problemsmay help improve theQoL for
patients with these blood diseases.

Keywords: JAK1/JAK2 inhibitors; Myelopro-
liferative neoplasms; Patient-reported out-
comes; Quality of life; Regionality; Unmet
needs

Key Summary Points

Why carry out this review?

There is a key need in understanding the
challenges presented in patient–physician
communication and treatment access, to
help improve disease management and
quality of life in patients with
myeloproliferative neoplasms (MPNs).

What was learned from the review?

One of the main issues impacting MPN
treatment can be the conflict between
patient and physician perceptions of
symptom burden, treatment goals, and
expectations.

New technologies, such as app-based
reporting, can help in improving
patient–physician communication, but
are still not widely implemented.

The psychosocial burden of MPNs on
patients and their associates can also be
affected by regional variation, as
treatments and access to clinical trials are
options for patients living in some areas,
but not others.

Practical Pointers

What your patient wants you to know
about living with myeloproliferative
neoplasms

Physical symptoms:

Extreme fatigue - this feels like they
cannot get out of bed for days on end.

Bone pain - this can be excruciating.

Pruritus - this severe itching interferes
with daily life.

Psychological and social impact:

Burden of living with the knowledge that
polycythaemia vera or essential
thrombocythaemia could transform to
myelofibrosis and progress to acute
myeloid leukaemia - this creates anxiety
which impacts all aspects of everyday life.

Anxiety about what living with an
incurable cancer will be like, including
thoughts such as ‘‘how can I continue to
live?’’, ‘‘will I be in pain?’’, and ‘‘what is the
rest of my life going to be like?’’

Anxiety about impact on family; for
example, how to continue providing for
the family and how the family will survive
after the patient’s death.

INTRODUCTION

The myeloproliferative neoplasms (MPNs)
polycythaemia vera (PV), essential thrombo-
cythaemia (ET), and primary myelofibrosis
(PMF) form a group of rare haematological
malignancies with common clinical and
pathogenic features [1]. PV, characterized by
erythrocytosis, and ET, characterized by
thrombocytosis, are both associated with an
increased risk of major cardiovascular events
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and haemorrhage, and evolution to myelofi-
brosis (MF) (secondary or post-ET/post-PV MF),
acute myeloid leukaemia, and, less commonly,
myelodysplasia [2]. Such events are important
causes of morbidity and mortality in patients
with MPNs; overall, patients with primary or
secondary MF, PV, or ET have increased risk of
mortality compared with the general popula-
tion [3]. Nevertheless, MPNs are chronic con-
ditions for most patients, with median survivals
of approximately 33 years for ET, 24 years for
PV, and 15 years for PMF in younger (\60-year-
old) patients [4].

Patients with MPNs experience a broad array
of symptoms, which overlap across the spec-
trum of PV, ET, and MF [1, 5]. These include
microvascular-related symptoms, such as head-
ache, vertigo, tinnitus, and dizziness, systemic
manifestations (fatigue, night sweats, insomnia,
body weight loss, and fever), pruritus, and
splenomegaly, with associated abdominal pain
and discomfort and early satiety [1, 5].

The overall burden of disease associated with
MPNs has a significant negative impact on
patients’ lives. Recent studies have shown that
MPNs result in marked impairment of quality of
life (QoL), work productivity, everyday life, and
relationships [3, 6–10], and they are associated
with significant emotional issues, including
depression and anxiety [11, 12]. While the
impact is generally greatest in patients with MF,
and in higher-risk patients or those with greater
symptom burden, negative effects are seen
across the disease spectrum [3, 6, 7, 9].

In recent years, there have been major
advances in our understanding of the underly-
ing genetic changes which drive the develop-
ment of MPNs, particularly with the discovery
of mutations in the Janus kinase 2 (JAK2) [13],
thrombopoietin receptor (MPL) [14], and cal-
reticulin (CALR) [15] genes. These three muta-
tions lead to constitutive activation of the Janus
kinase/signal transducers and activators of
transcription (JAK/STAT) signalling pathway,
which is important for driving the production
of blood cells from haematopoietic stem cells
[16]. Which of these mutations is present
influences both the characteristics and

presentation of MPNs, as well as the prognosis
[4, 17, 18]. Of these three key mutations, the
JAK2 mutation, detected in 97% of patients
with PV, 56% of patients with ET, and 50% of
patients with PMF [13], has been widely tar-
geted for drug development. Comprehensive
molecular testing by next-generation sequenc-
ing has led to discovery of novel mutations
which could become potential therapeutic tar-
gets [19, 20], and models based on identified
associated genes provide risk classification based
on their genomic profile [21, 22]. Ruxolitinib, a
JAK1/JAK2 inhibitor, is the first such agent to be
approved in MPNs, and represents a shift in the
treatment paradigm from largely managing
lifestyle and cardiovascular risk factors and
addressing the effects of the disease, to
attempting modification of the disease process
itself. Despite these advances, nearly all treat-
ment options for MPNs are not curative.
Therefore, reduction of symptom burden, and
thereby the impact of MPNs on QoL, is critical,
and should be considered a major goal of
treatment [1].

Recent treatment guidelines reflect current
advances in diagnosis and treatment, and are
largely, but not completely, in agreement
regarding strategies. However, there is evidence
of some differences in the way MPNs are diag-
nosed and managed between treatment settings
and physician speciality, as well as between
different countries [2, 23–25]. As in other dis-
ease settings, there is also often marked discord
between physician and patient perception
around issues such as patients’ understanding of
their disease, its management and treatment
goals, and of the disease burden experienced
[26].

This review intends to give a brief overview
of the current MPN treatment options, and
provide an assessment from the viewpoint of
patient advocates, with the aim of highlighting
issues around MPNs and patient needs. This
article is based on previously conducted studies
and does not contain any studies with human
participants or animals performed by any of the
authors.
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Table 1 Summary of recent management guidelines and consensus statements for treatment of myeloproliferative
neoplasms

Polycythaemia vera Essential thrombocythaemia Primary myelofibrosis, myelofibrosis

secondary to polycythaemia vera, or

essential thrombocythaemia

USA

National

Comprehensive

Cancer

Network [27]

Phlebotomy to maintain haematocrit\ 45%

LDA

Cytoreductiona

1st line: HU or IFNa

2nd line: ruxolitinib, or HU or IFNa, if not

previously used

LDA

Cytoreductionb

1st line: HU or IFNa or anagrelide

2nd line: HU or IFNa or anagrelide, if not

previously used

Anaemia

Serum EPO\ 500 mU/mL: ESA

Serum EPO C 500 mU/mL: danazol, or

lenalidomide ± prednisone or

thalidomide ± prednisone

Cytoreduction

Low-risk, symptomatic: ruxolitinib or IFNa

or HU

Int-1 risk, symptomatic: ruxolitinib

Int-2 risk/high-risk: ruxolitinib if not ASCT

candidate and platelets\ 50,000;

otherwise consider clinical trial

ASCT

Recommended in Int-2 risk/high-risk

patients on basis of age, patient/disease

characteristics, etc.

Europe

European

LeukemiaNet

[28]

Phlebotomy to maintain haematocrit\ 45%

LDA

Cytoreductionc

1st line: HU or IFNa

2nd line: ruxolitinib or IFNa

LDA in selected patientsd

Cytoreductione

1st line: HU or IFNa

2nd line: anagrelide or IFNa

Anaemia

No evidence-based strategies issued;

individualize drug choice on basis of overall

toxicity profile/patient risk

Cytoreduction

Ruxolitinib for MF-associated splenomegaly

in patients with Int-2 risk or high-risk

disease or Int-1 risk disease and highly

symptomatic splenomegaly or splenomegaly

not responding to HU

HU in other patients

ASCT

Consider in Int-2 risk or high-risk patients

Also in Int-1 risk patients with either

refractory, transfusion-dependent anaemia,

a percentage of blasts in peripheral

blood[ 2% in at least two repeated

manual measurements, adverse

cytogenetics, or high-risk mutations

(controlled setting)
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Table 1 continued

Polycythaemia vera Essential thrombocythaemia Primary myelofibrosis, myelofibrosis

secondary to polycythaemia vera, or

essential thrombocythaemia

European Society

for Medical

Oncology

(ESMO) [29]

Phlebotomy to maintain haematocrit\ 45%

LDA

Cytoreductionf

1st line: HU or IFNa

2nd line: HU or IFNa if not previously

used; busulfan/ruxolitinib may be

considered if resistant/refractory to HU

LDA (case-by-case basis)

Cytoreductionf

1st line: HU or IFNa

2nd line: HU or IFNa if not previously

used; anagrelide

Cytoreduction

Low-risk/Int-risk, symptomatic: ruxolitinib

(where available/allowed by label) or HU

Int-2 risk/high-risk: ruxolitinib if not ASCT

candidate; otherwise consider clinical trial

ASCT

Recommended in Int-2 risk/high-risk

patients on basis of age, patient/disease

characteristics etc.

British Society for

Haematology

(PV only) [30]

Target haematocrit of\ 45%

LDA

Cytoreductiong

1st line: HU or IFNa

2nd line: HU or IFNa if not used as

1st line; ruxolitinib in HU-resistant or

intolerant patients

3rd line: busulfan or 32P or pipobroman in

those with limited life expectancy;

anagrelide in combination with HU may

be helpful where platelet control is difficult

N/A N/A

Nordic MPN

Study Group

[31]

Phlebotomy to maintain haematocrit\ 45%

LDA unless contraindicated

Cytoreductionh

1st line: age\ 60 years IFNa;

age[ 60 years HU or IFNa;

age[ 75 years or short expected survival

HU

2nd line: age\ 60 years HU;

age[ 60 years HU or IFNa;

age[ 75 years or short expected survival

intermittent busulfan

3rd line: age\ 60 years ruxolitinib;

[ 60 years ruxolitinib; age[ 75 years or

short expected survival [32]

Combination therapy (HU ? anagrelide,

HU ? IFNa, IFNa ? anagrelide) can be

an alternative second-line therapy in fit

patients if dose-limiting side effects occur

with monotherapy

LDAi

Cytoreduction

1st line: age\ 60 years IFNa or anagrelide;

age[ 60 years HU; age[ 75 years or

short expected survival HU

2nd line: age\ 60 years IFNa or

anagrelide; age[ 60 years IFNa or

anagrelide; age[ 75 years or short

expected survival intermittent busulfan

3rd line: age\ 60 years: HU;

age[ 75 years or short expected survival

[32]

Combination therapy (HU ? anagrelide,

HU ? IFNa, IFNa ? anagrelide) can be

an alternative second-line therapy in fit

patients if dose-limiting side effects occur

with monotherapy

Anaemia

1st line: rEPO or danazol

2nd line: thalidomide ± prednisolone

Cytoreduction

1st line: age\ 60 years IFNa;

age[ 60 years HU

2nd line: ruxolitinib

Ruxolitinib is indicated in patients with

symptomatic splenomegaly and/or

constitutional symptoms due to Int-2 and

high-risk PMF, and in patients with post-

ET/PV myelofibrosis

ASCT

Should be considered for all patients at

diagnosis. ASCT with myeloablative or

reduced intensity conditioning

recommended in Int-2/high-risk patients

age\ 40 years at diagnosis, and during

follow-up of low/Int-1 patients who

progress to a higher risk using DIPSS.

ASCT with reduced intensity conditioning

recommended in Int-2/high-risk patients

age 40–60/65 years
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Table 1 continued

Polycythaemia vera Essential thrombocythaemia Primary myelofibrosis, myelofibrosis

secondary to polycythaemia vera, or

essential thrombocythaemia

Asia

India [32] Phlebotomy to maintain haematocrit\ 45%

in male patients and\ 42% in female

patients

LDA unless platelets[ 1,500 9 109/L

Cytoreductionj

1st line: age\ 40 years IFNa;

age C 40 years HU

2nd line: age\ 40 years, anagrelide;

age C 40 years, ruxolitinib/busulphan

3rd line: age C 40 years, anagrelide

LDA unless contraindicated

Cytoreduction

1st line: age B 40 years, IFNa;

age[ 40 years, HU

2nd line: age B 40 years, HU;

age C 40 years, IFNa

Anaemia

1st line: rEPO (EPO levels\ 200 IU);

danazol

2nd line: thalidomide/prednisolone;

glucocorticoids in selected patients

Thrombocytopenia

1st line: thalidomide/prednisolone

2nd line: danazol

Cytoreduction

Ruxolitinib in patients with symptomatic/

progressive splenomegaly

HU in older patients not eligible for

transplantation

ASCT

Indicated in suitable Int-2 or high-risk

patients age\ 40 years

Consider reduced intensity transplantation

for Int-2 or high-risk patients age

40–60 years

Treatment of symptoms

Ruxolitinib

Japanese Society of

Haematology

[33]

Phlebotomy to maintain haematocrit\ 45%

LDA

Cytoreductionk

HU

IFNa in women during/planning for

pregnancy

LDA for patients at high risk of thrombosis

Cytoreductionk

HU

IFNa in women during/planning for

pregnancy

Cytoreductionl

Low-risk/Int-risk: observation only

Int-2 risk/high-risk: symptomatic treatment

if not ASCT candidate

ASCT

Recommended in Int-2 risk/high-risk

patients (soon after diagnosis in primary

MF)
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Table 1 continued

Polycythaemia vera Essential thrombocythaemia Primary myelofibrosis, myelofibrosis

secondary to polycythaemia vera, or

essential thrombocythaemia

Korea [34] Phlebotomy to maintain haematocrit

40–45%

LDA

Cytoreductionm

HU or IFNao

LDAn

Cytoreductiono

HU

IFNao in pregnancy or intolerance to HU

Anaemia

ESAs

Danazol, or lenalidomide ± prednisone or

thalidomide ± prednisone

Cytoreduction

HU, anagrelide, IFNap

Ruxolitinib for symptomatic patients with

Int- to high-risk disease ineligible for

ASCT

ASCT

Recommended in patients assessed as Int-2

and high risk at diagnosis, and during

follow-up of younger low-risk and Int-1

risk patients who progress to a higher risk

by DIPSS or DIPSS-plus evaluation

Reduced-intensity transplantation should be

considered for patients age C 40 years

ASCT allogeneic stem cell transplantation, DIPSS Dynamic International Prognostic Scoring System, ET essential thrombocythaemia, EPO erythropoietin, ESA
erythrocyte-stimulating agent, HU hydroxyurea, IFNa interferon-alfa (including pegylated IFNa), Int intermediate, LDA low-dose aspirin, IPSET International

Prognosis Score of Thrombosis for Essential Thrombocythaemia, MF myelofibrosis, N/A not available, PV polycythaemia vera, rEPO recombinant human

erythropoietin
a High-risk patients (age C 60 years and/or prior history of thrombosis). Symptomatic low-risk patients with new thrombosis/disease-related major bleeding;

persistent increased need for phlebotomy with low tolerance; splenomegaly; thrombocytosis; leucocytosis; disease-related symptoms
b High-risk patients (history of thrombosis at any age or age[ 60 years with JAK2 mutation). Symptomatic low-/very low-/intermediate-risk patients with new

thrombosis/acquired von Willebrand’s disease/disease-related major bleeding; splenomegaly; thrombocytosis; leucocytosis; disease-related symptoms, vasomotor/

microvascular disturbance not responsive to aspirin
c High-risk patients (age[ 60 years; previous thrombotic event). Patients with poor tolerance to phlebotomy and/or with symptomatic or progressive splenomegaly,

severe disease-related symptoms, platelet counts greater than 1500 9 109/L or leucocyte count higher than 15 9 109/L, or haematocrit worsening due to iron therapy
d IPSET-thrombosis high-risk disease, low- or intermediate-risk ET when age C 60 years, or when uncontrolled cardiovascular risk factors or JAK2V617F mutation

is present
e Shift to the high-risk category by reaching the age 60 years; occurrence of a major thrombotic or haemorrhagic event; increasing platelet count above 1500 9 109/

L; progressive myeloproliferation or uncontrolled ET-related systemic symptoms
f High-risk patients (age C 60 years and/or prior history of thrombosis). Consider in low-risk patients with progressive increase in leucocyte and/or platelet count,

enlarged spleen, or phlebotomy intolerance
g High-risk patients, or low-risk patients with history of treated arterial hypertension, ischaemic heart disease, or diabetes mellitus; persistent leucocytosis (e.g., white

blood count[ 15 9 109/L); uncontrolled haematocrit (or poor tolerability of venesection); extreme/progressive thrombocytosis (e.g., C 1500 9 109/L) and/or

haemorrhagic symptoms; progressive/symptomatic splenomegaly; uncontrolled or progressive disease-related symptoms, e.g., weight loss, sweats
h High-risk patients, or low risk patients with poor tolerance/high frequency of phlebotomies; or symptomatic or progressive splenomegaly; or other evidence of disease

progression (e.g., weight loss, night sweats); or progressive leucocytosis and/or thrombocytosis; or several risk factors for cardiovascular diseases (e.g., smoking, diabetes,

hypercholesterolaemia); or a personal motivation for treatment of symptomatic PV based on individual, balanced information regarding side effects and prognosis
i LDA recommended for high-risk patients, and low-risk patients with one or more risk factor for cardiovascular disease, or with microvascular symptoms

(erythromelalgia)
j Poor tolerance to phlebotomy; symptomatic or progressive splenomegaly; other evidence of disease progression (e.g., weight loss, night sweats, thrombocytosis)
k In high thrombosis risk, based on prognostic factors
l Ruxolitinib not available under Japanese National Health Insurance at time of guideline development
m High-risk patients
n High-risk patients. Low-risk patients in the presence of vasomotor symptoms or general indications for aspirin use
o High-risk patients. Consider in low-risk patients with extreme thrombocytosis
p IFNa not reimbursed by National Health Insurance in Korea at time of guideline development
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TREATING MPNs

In recent years, a number of national and
international guidelines for the diagnosis and
treatment of patients with MPNs have been
published or updated to reflect advances in the
understanding of the disease and the availabil-
ity of new treatment options (Table 1) [27–34].
The discovery of the three driver mutations has
also led to mutation screening currently being
recommended as part of the diagnostic criteria
of MPNs [27–32, 34]. The guidelines provide
similar advice with regard to treatment,
although, in some cases, they reflect availability
and payment status of particular drugs, or local
practice. Treatment options are recommended
on the basis of a combination of the underlying
diagnosis (PV, ET, or MF) and prognostic risk.
For MF, scoring systems such as the Interna-
tional Prognostic Scoring System (IPSS) are used
at diagnosis, and ‘‘dynamic’’ IPSS (DIPSS) or
DIPSS-plus for assessment during treatment
[27–29, 31, 32]. Patients with PV and ET are
generally stratified as high or low risk on the
basis of age and thrombosis history, with some
guidelines recommending further classification
of patients with PV using the revised Interna-
tional Prognosis Score of Thrombosis for ET
(IPSET thrombosis), which also takes into
account cardiovascular risk factors and JAK2
mutation status [35].

Currently, the only curative approach for
MPNs is allogeneic haematopoietic stem cell
transplantation (ASCT), but given that it carries
a considerable risk of mortality and morbidity,
it is generally reserved for younger patients with
MF with higher prognostic risk disease. For
other patients, the majority of conventional
therapies for MPN are largely palliative
(Table 1). In PV and ET, these are predomi-
nantly aimed at reducing the risk of occurrence
or reoccurrence of thrombosis, and ultimately
reducing the risk of progression to MF; and for
patients with MF, who are not suitable for
ASCT, treatment is generally guided by the
predominant symptoms, mainly anaemia and
splenomegaly.

Targeted Therapies

The most important advance in treatment of
MPNs in the last decade came with the devel-
opment of the JAK1/JAK2 inhibitors. The JAK1/
JAK2 inhibitor ruxolitinib was the first targeted
therapy to be widely approved globally for MPN
[36]; and more recently, the JAK2 inhibitor
fedratinib has been approved by the US Food
and Drug Administration (FDA) for intermedi-
ate-2 or high-risk primary or secondary MF [37].
In clinical trials, ruxolitinib was shown to sig-
nificantly reduce spleen size, ameliorate debili-
tating MF-related symptoms, and improve QoL
in patients with intermediate-2 or high-risk MF
versus best available treatment, with overall
survival also improved versus placebo [38, 39].
The benefits of ruxolitinib on spleen size and
overall survival have been shown to be main-
tained over longer-term therapy [40, 41], and
sustained treatment was also associated with
greater odds of bone marrow fibrosis improve-
ment or stabilization and decreased odds of
bone marrow fibrosis worsening in a large pro-
portion of patients with MF versus best available
treatment [42]. Additionally, ruxolitinib has
demonstrated significant reductions in spleen
size, control of haematocrit, and improvement
of PV-related symptoms. Improved QoL was
also seen compared with standard therapy in
patients with PV and splenomegaly and an
inadequate response to or intolerance of
hydroxyurea [43, 44]. In addition, durable
improvements in haematocrit and symptoms in
patients without splenomegaly have been
observed [45]. On the basis of these trials, rux-
olitinib has been widely approved for the
treatment of splenomegaly or symptoms in
patients with MF (PMF or MF secondary to PV or
ET) and for patients with PV who are resistant to
or intolerant of hydroxyurea, and it is recom-
mended, generally, as a second-line treatment
option, in most treatment guidelines for PV
(Table 1).

While the treatment options have been sig-
nificantly improved with the introduction of
ruxolitinib, JAK1 and JAK2 inhibitors have been
associated with immunosuppression by target-
ing reducing type 1 and 2 cytokine production,
and modulating dendritic cell function [46, 47].
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This immunosuppression can result in
increased risk of infections and reactivation of
existing infections, such as herpes zoster. Rux-
olinitib has also been associated with an
increased risk of aggressive B cell lymphoma,
although further studies are needed to establish
whether JAK1 and/or JAK2 inhibition plays a
role in this increased risk [48]. Additionally, not
all patients are candidates for treatment, and,
although ruxolitinib is generally well tolerated,
some patients do experience issues which can
lead to dose reduction and treatment discon-
tinuation. There is also a population of patients
who respond initially to ruxolitinib but in
whom treatment subsequently fails, with re-
emergence of splenomegaly and constitutional
symptoms [49]. In addition, although it pro-
vides substantial clinical benefit, ruxolitinib
treatment is not curative in terms of complete
haematological remission with normalization
of blood counts or reduction in the mutant
allele burden, and transformation to acute leu-
kaemia can still occur [16]. A number of studies
are looking at the potential for combinations of
ruxolitinib with traditional and experimental
agents, with the aim of, for example, main-
taining platelet count or reducing anaemia, to
maximize ruxolitinib dose, or to improve out-
come (e.g., better spleen response, fibrosis
improvement, greater reduction in mutant
allele burden) [5, 50]. While this approach has
shown potential for some combinations, larger
studies and validated criteria for judging success
are needed.

Clinical trials of the JAK2 inhibitor fedratinib
in both JAK-naı̈ve patients with MF and,
importantly, those previously treated with rux-
olitinib showed a clinical benefit of treatment
in both patient groups [51, 52]. Overall, just
over a third of JAK-naı̈ve and half of patients
previously treated with ruxolitinib achieved at
least a 35% reduction in spleen volume. In
addition, 40% of patients experienced at least a
50% reduction in MF-related symptoms. How-
ever, trials were terminated following a possible
association with suspected cases of Wernicke’s
encephalopathy, a neurological emergency
resulting from thiamine (vitamin B1) deficiency
and characterized by mental status changes,
confusion and memory problems, and gait and

oculomotor dysfunction [51]. The FDA subse-
quently placed fedratinib on clinical hold,
pending investigation of the suspected link;
however, this was removed following submis-
sion of further data by Celgene, and fedratinib
was approved by the FDA for adults with inter-
mediate-2 or high-risk primary or secondary
(post-PV or post-ET) MF. The prescribing infor-
mation for fedratinib includes a boxed warning
to advise healthcare professionals and patients
about the risk of serious and fatal
encephalopathy, including Wernicke’s
encephalopathy, and healthcare professionals
are advised to assess thiamine levels in all
patients prior to starting fedratinib, periodically
during treatment, and as clinically indicated. If
encephalopathy is suspected, fedratinib should
be immediately discontinued and parenteral
thiamine initiated [37]. At the time of writing,
the position of fedratinib in treatment algo-
rithms and recommendations has yet to be
confirmed in treatment guidelines; however, it
clearly offers an encouraging option for those
patients who have failed therapy with
ruxolitinib.

New Agents

A number of other JAK inhibitors have been
developed, and although some have entered
clinical trials in patients with MPN, their
development has been delayed by early toxicity
issues, or a lack of benefit over ruxolitinib.
Firstly, momelotinib, a JAK1/JAK2 inhibitor,
showed similar responses to ruxolitinib with
respect to reduction in spleen size, but lesser
alleviation of constitutional symptoms in
phase 3 trials in patients with MF, although
momelotinib was associated with a reduced
transfusion requirement relative to ruxolitinib
[53, 54]. Long-term data failed to show a sur-
vival benefit of treatment with momelotinib,
and demonstrated a high incidence of periph-
eral neuropathy [55], and studies of momelo-
tinib in PV and ET were discontinued as a result
of limited efficacy [56]. However, the FDA has
recently granted fast-track designation to
momelotinib for the treatment of patients with
intermediate- or high-risk MF who previously
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received a JAK inhibitor, and a phase 3 trial to
evaluate the activity of momelotinib for symp-
tomatic, anaemic patients with MF previously
treated with JAK inhibitor therapy is planned
[57].

The JAK2/FMS-like tyrosine kinase 3 (FLT3)
inhibitor pacritinib achieved significantly
greater reductions in spleen size and improve-
ments in symptoms versus best available ther-
apy, including ruxolitinib, in patients with MF
and thrombocytopenia [58]. However, pacri-
tinib was placed on clinical hold by the FDA in
2016, following interim overall survival results
from PERSIST-2 which showed a detrimental
effect on survival consistent with the results
from PERSIST-1 [59]. This hold was removed
following submission of the final study reports
for PERSIST-1 and -2 trials, and a commitment
to undertake a dose-exploration clinical trial
(NCT03165734; available from https://
clinicaltrials.gov/ct2/show/NCT03165734) at
the FDA’s request [60].

A number of emerging therapies beyond JAK
inhibitors against a range of targets have been
studied or are currently undergoing trials, but,
to date, none are near to becoming available in
the clinic [5, 50]. For example, a number of
drugs targeting the phosphatidylinositol 3-ki-
nase/protein kinase B (PI3K/Akt)-strain trans-
forming/rapamycin kinase pathway are in early
development or have completed phase 1 or
phase 2 trials (e.g., everolimus, buparlisib).
Histone deacetylase inhibitors are also being
assessed for clinical efficacy in MPN, with
panobinostat, vorinostat, and pracinostat hav-
ing completed phase 2 studies. Other therapies
undergoing early phase clinical trials include
telomerase inhibitors (e.g., imetelstat), Hedge-
hog pathway inhibitors, and antifibrotic agents
(e.g., PRM-151). Additional emerging potential
therapies include CRISPR-Cas9 and immuno-
therapy, but these are not yet ready to enter
clinical testing [5].

IMPACT OF MPNs ON PATIENT-
REPORTED OUTCOMES (PROs)

The wide-ranging nature and degree of the
impact of MPNs has been highlighted in an

increasing number of studies over recent years
[3, 6–12]. One of the largest studies was the
international MPN Landmark survey, con-
ducted from April 2016 to October 2016, which
included data from over 800 patients with MPN
and over 450 physicians across the USA, and
almost 700 patients with MPN and over 200
physicians across Australia, Canada, Germany,
Italy, Japan, and the UK [3, 7]. The results
confirmed the broad symptom burden experi-
enced by patients with MPN across the disease
spectrum, with the vast majority of patients
(90%) entering the survey having experienced
MPN-related symptoms over the previous
12 months. In common with other patient sur-
veys, the most frequently reported symptom
among all MPN subtypes was fatigue (Fig. 1) [6].
Other commonly reported symptoms varied
depending on disease subtype: abdominal dis-
comfort, night sweats, difficulty sleeping, and
bone pain were most common in patients with
MF; pruritus, concentration problems, and
night sweats in patients with PV, and dizziness,
night sweats, bruising, itching, and difficulty
sleeping in patients with ET. Most patients
reported that their MPN-related symptoms
affected their QoL (MF, 81%; PV, 66%; ET, 57%
in the US cohort; MF, 83%; PV, 72%; ET, 74% in
the rest of the world cohort), with many
patients also reporting an impact on their abil-
ity to work, and on relationships and family life.
A common and important finding in the survey
was that, although high-prognostic risk patients
and those with the most severe symptom

cFig. 1 Symptoms experienced by patients with MPN in
the Landmark Survey in a US cohort and b rest of the
world cohort. ET essential thrombocythaemia, MF
myelofibrosis, MPN myeloproliferative neoplasm, PV
polycythaemia vera. a Reproduced from Mesa et al. [3].
BMC Cancer. 2016 Feb 27;16:167 � 2016, Mesa et al.
This article is distributed under the terms of the Creative
Commons Attribution 4.0 International License (https://
creativecommons.org/licenses/by/4.0/), and b Modified
from Harrison et al. [7] Ann Hematol. 2017;96:1653–65
� 2017, Harrison et al. This article is distributed under
the terms of the Creative Commons Attribution 4.0
International License (https://creativecommons.org/
licenses/by/4.0/), bars made vertical
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Fig. 2 Impact of MPNs on QoL, work, and activities of
daily living. MPN impact was stratified by calculated
prognostic risk score and symptom severity quartile in
respondents with a MF, b PV, and c ET. ET essential
thrombocythaemia, MF myelofibrosis, MPN myeloprolif-
erative neoplasm, PV polycythaemia vera, Q1 quartile 1,
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article is distributed under the terms of the Creative
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burden were more likely to report that their
disease had an impact on QoL, daily living, and
work ability, such issues were still reported by a
significant proportion of lower-risk patients and
those with lower symptom burden (Fig. 2).

The findings from the Landmark study are
echoed in other surveys of PROs in MPN
[6, 8–10]. In a study conducted in the UK and
USA, significant reductions in QoL relative to
controls were observed, as well as differences in
QoL between UK and US patients, and in
symptom burden between male and female
patients [6]. This last observation was also
reported in a study by the MPN QoL Interna-
tional Working Group [61]. The US ‘‘Living with
MPNs’’ survey found that all three types of
MPNs have a substantial negative impact on
patients’ employment status, career potential,
and work productivity comparable to the
impairment levels reported for other disabling
chronic conditions [9, 10]. While patients with
MF and those with higher symptom burden
reported the greatest impact, a notable propor-
tion of patients with PV and ET and lower
symptom burden were also severely impacted
by their symptoms and corresponding impair-
ments associated with their disease [9, 10].

In addition to the effect of MPN on overall
QoL, working ability, and relationships, the
Landmark survey and other recent studies have
also highlighted the impact of MPN on patients’
emotional well-being. Negative impacts on
mental well-being were common, with around a
quarter of patients reporting they frequently felt
anxious or worried; and over 60% reporting
having felt some level of depression over the
previous month, of whom 22% indicted that
this depression had a high impact on them [7].
Higher comorbidity burden, total symptom
burden, fatigue burden, lower functional level,
and global health/QoL in patients with MPN
have been shown to be associated with
increased odds of anxiety and depression [11],
with depression being uniquely associated with
overall physical symptom burden [12].

Finally, as with many chronic diseases, MPN
also leads to significant financial burden for
many patients. In the USA, many patients are
unable to get (full) insurance coverage for MPN
medications, leading to substantial additional

annual healthcare costs [62]. As well as the
direct costs of treatments, hospital stays, and
travel to and from physician appointments,
reduced ability to work leads to increased
financial burden in patients with MPN. In the
MPN Landmark survey, substantial losses in
household income were observed in patients
with reduced work hours, discontinued
employment, and medical disability [63].
Financial stress can further impact emotional
well-being, with increased financial burden
associated with increased risk anxiety and
depression in patients with MPN [11].

The findings from all of these studies
strongly suggest that addressing disease burden
in patients with MPN as part of the overall
management strategy is crucial to minimize
impact on their daily lives and emotional and
physical well-being. They also stress that, while
guidelines generally recommend treatment for
patients with higher prognostic risk, those with
lower risk may also suffer from significant
symptom-related morbidity impacting their
QoL and day-to-day lives. Clear communication
between the patient and physician is therefore
essential if symptoms are to be recognized and
managed. However, the Landmark study
revealed that, similar to other oncology settings
[64, 65], there is often a marked discord
between physician and patient perceptions of
MPN, its treatment and impact, and how well
these issues are discussed and communicated
[26]. Particularly striking differences were found
in aspects such as management, treatment
goals, and expectations, with marked discord
between what patients and physicians reported
having been discussed. For example, many
patients in the Landmark study were unaware
that some common symptoms such as difficulty
sleeping, dizziness, vertigo, and light-headed-
ness were MPN-related, whereas physicians
reported that, in their opinion, patients were
generally able to recognize symptoms as being
disease-related. Overall, the survey found that
physicians tended to under-report symptoms
and under-recognize their impact on QoL
compared with patient perceptions (Fig. 3).

Such discord between patient and physician
perceptions may lead to suboptimal disease
management. In the Landmark study, for
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example, although most patients were treated
in line with current guidelines, around a quarter
of patients managed with watchful waiting had
a moderate to high symptom burden, yet did
not receive any drug therapy to address this [7].
Lessening of differences in perception sur-
rounding prognosis, symptom control, and
treatment goals between patients and physi-
cians is clearly important to improving out-
comes in patients with MPN. In general,
patients want to be more involved with their
journey, and share decisions regarding their
treatment and management. Overall, there is a
need for improvements in communication
between physician and patient, and for better
patient education. Additional scientific research
on PROs and QoL measures may also increase
interest in the use of these measures in
improving disease management and patient
QoL [1].

UNMET NEEDS OF PATIENTS
WITH MPNs

Regionality

In the authors’ experience, as part of a global
network of patient advocates, it is clear that in
MPN, as in many other disease areas, manage-
ment strategies and access to treatments are not
standard globally. Limited access to the best/
current therapy and management has the
potential to significantly impact on patients’
QoL if this results in greater symptom burden.
In addition, in the era of social media, patients
seek out and share information via multiple
sources, including national and international
patient support and patient advocacy groups.
Hence patients are made aware of treatments
and new developments which, while available
elsewhere, are not an option for them in their
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own country, engendering a feeling of a ‘‘sec-
ond class’’ standard of care. Such a perception
can lead to frustration and anxiety, and so
impact on patients’ well-being in general.

Regional Variability in Access to MPN
Treatment Options
As previously discussed, national and interna-
tional guidelines are used to recommend treat-
ment and management strategies. However,
although many such guidelines are updated
regularly, they are based on the data available in
that snapshot of time, and may not reflect new
advances or include recently approved treat-
ment options. For example, although approved
for use in MF in 2014, the most recent Japanese
treatment guidelines published in 2017 do not
include recommendations for the use of rux-
olitinib, pending data from trials conducted in
Japan and coverage by Japanese National Health
Insurance [33].

Even despite guideline recommendations,
the use of some recommended agents may be
limited by availability and payment status of
particular drugs, or local practice. For example,
the use of some agents is limited as they are not
covered by national health insurance, including
anagrelide in Japan [33]. Similarly, although
widely recommended as a cytoreductive option,
interferon-a use in MPNs is off-label and hence
patients (e.g. in the USA) may struggle to obtain
insurance coverage, particularly for the pegy-
lated form which is associated with fewer side
effects [66].

Regional Variability in Access to Clinical Trials
Despite some evidence of a slight migration of
clinical trial sites to low- and middle-income
countries with emerging economies, the vast
majority are conducted in high-income coun-
tries, predominantly the USA [67]. Data from
clinicaltrials.gov shows that of over 315,000
privately and publicly funded clinical studies
registered as of September 2019, 34% were
located in the USA alone, with a further 5%
located in both the USA and a non-US country
[68]. Western Europe had the second largest
number of registered trials (28.5%), with only
approximately 3% of clinical trials conducted in

South America and Africa, 1.5% in South Asia,
and\ 1% in Central America. While participa-
tion in clinical trials has been suggested as a
means of improving access to medication in
low- to middle-income countries, the ability to
run such trials is often beset by problems,
including regulatory issues, lack of infrastruc-
ture, and availability of trained clinical
researchers [67, 69]. Nevertheless, to ensure
robust data reflecting the whole MPN popula-
tion, patient involvement from other countries
should be facilitated, if possible, with consider-
ation given to including centres outside of the
USA and Europe for clinical trials in MPN and
for international collaboration between clini-
cians in different countries.

Locating and engaging patients is critical for
the success of clinical trials. Patients mostly
welcome being asked to participate in research:
in a survey of patients with cancer conducted by
the UK National Health Service (NHS), only a
third said that taking part in research had been
discussed, but of these 95% said they were glad
to have been asked, and over half of those with
whom this had not been discussed said they
would have liked to have been asked [70]. In
addition to patient participation, trial design is
also a major consideration. Currently, treat-
ment guidelines are largely driven by data gen-
erated in randomized controlled trials (RCTs).
However, while RCTs are the ‘‘gold standard’’ to
determine whether a particular drug or inter-
vention is effective, by necessity they are highly
controlled and carried out in relatively small,
tightly defined, highly selected patient samples,
meaning that they may not fully reflect the
patients seen by practicing physicians in their
particular ‘‘real-world’’ setting [71]. Novel trial
designs may provide more appropriate data,
while also improving patient access; for exam-
ple, pragmatic trials which are designed to show
patient-relevant effectiveness of an intervention
in broad patient groups, reflecting the popula-
tion and management strategies in real-world
practice [71]. Additionally, the use of technol-
ogy, ranging from simple telephone contact,
through web and smartphone tools and medi-
cal-grade wearable sensors to collect real-world
data in home settings has the potential to
reduce the costs, inconvenience, and labour
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associated with regular clinic attendance
required during trials [72]. Such tactics may
prove particularly beneficial for improving
patient inclusion and robustness of data in rare
diseases, such as MPN, where specialists are
thinly spread and geographic proximity to trial
centres is an issue.

PROs: IMPROVING REAL-WORLD
EVIDENCE

Assessment of QoL is one of the only assess-
ments for patients to monitor their disease,
other than blood count measures. Given the
importance of these PROs in incurable MPNs
and despite an increase in interest and assess-
ment of these measures in clinical trials, there is
a general lack of data. A key challenge is the
development of a consistent and quantitative
method for capturing and measuring PROs. The
Myeloproliferative Neoplasms Symptom
Assessment Form (MPN-SAF) has been validated
in patients with all forms of MPN, and is a
comprehensive and reliable 27-item instrument
which aims to concisely assesses the prevalence
and severity of symptoms [73]. More widespread
use of validated, widely approved, and stan-
dardized scoring systems has the potential to
provide large amounts of real-world data, and
also allow for more accurate comparisons
between clinical trials.

App-based symptom trackers are a powerful
way to collect patient data and to improve
patient–physician communication about
symptom severity and impact on QoL. Such
technological tools allow patients to take own-
ership of assessment of their disease progress
and provide a longitudinal measure of symp-
toms over time, which could additionally aid
physicians in early recognition of disease pro-
gression. While potentially providing insightful
data on the patient’s perspective and facilitating
patient–physician communication, these sorts
of tools have not yet been widely adopted,
which limits their usefulness in a broad clinical
setting. Additionally, data-protection restric-
tions make large-scale analyses of personal
patient data challenging. Despite these limita-
tions, these methods of data collection could

aid in improving disease management for many
patients when rolled out more universally.

PSYCHOSOCIAL BURDEN
OF ILLNESS ON PATIENTS
AND THEIR ENVIRONMENT: LIVING
FROM DAY TO DAY WITH MPN

The classification of MPN as a ‘‘blood cancer’’
can be a double-edged sword as the thought of
‘‘cancer’’ as opposed to a ‘‘chronic disease’’ may
have a negative impact in terms of how patients
share this information with others, including
family and employers, and may increase fear
and anxiety in patients and their family and
caregivers. On the other hand, it may have
some benefits (e.g., gateway to access to certain
facilities/help in some countries) and may make
employers, for example, take the disease more
seriously as more than just a chronic condition.

It is critical that physicians realize that
understanding the impact of MPN on patients
goes beyond an assessment of their symptoms.
For example, the psychosocial burden of the
disease on the patient and their associates
(caregiver, spouse, children, siblings, friends,
co-workers, employer, etc.) can be significant.
In common with other chronic untreatable dis-
eases, patients with MPN often live with a high
level of anxiety and depression on a daily basis
[7, 11, 12]. While this is attributable, at least in
part, to symptom burden [11, 12], other factors
play a part. Anxiety can arise from individual
and diverse underlying issues. For example,
patients feeling that they are not living up to
the standards they set for themselves as a part-
ner, parent, or worker; financial difficulties; and
sexuality-related symptoms, which are often
unaddressed by patients and physicians, and
can impact on intimacy with partners [63].
Current scoring systems do not adequately
reflect these burdens; for example, the MPN-SAF
asks for a simple assessment of QoL, ‘‘sad mood’’
and depression, and problems with sexual
desire or function on a scale of 0–10, but cannot
assess the individual specific, complex, and
multifactorial issues underlying these scores.
There is, therefore, a need for tools which are
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more ‘‘wholistic’’, which include multiple
aspects of patients’ lives, including an assess-
ment of impact on family and caregivers. If such
tools became available, and even in their
absence, the challenge is how to address the
need for and provision of support to address
such problems given that they are not univer-
sally acknowledged or available.

NEW STUDIES OF KEY ISSUES
AROUND UNMET NEEDS

The MPN Advocates Network Global Patient
Survey aims to assess unmet needs and identify
the underserved MPN population. The survey
was designed by MPN advocates in conjunction
with their medical advisory committee. Dis-
tributed through a global network of country-
specific MPN patient organizations, it aims to
understand the unmet needs around the world
with the aim of improving access to informa-
tion, expertise, and new therapies. Following on
from the findings of the first Landmark study,
Landmark 2.0 aims to further define patients’
unmet needs that were initially identified; to
further investigate the discord between physi-
cian and patient perceptions of symptoms, dis-
ease burden, and overall health; and to increase
the number of countries included in the study
population. While there are a number of similar
surveys carried out at regional and national
levels, the global nature of the Landmark stud-
ies allows assessment of regional variability
which can pinpoint areas for future in-depth
research.

CONCLUSION

Despite recent advances in MPN treatment,
MPN remains a broadly incurable chronic con-
dition with a large impact on patients’ daily
lives. Large global studies have identified
regional variability in the unmet needs of
patients with MPN, with treatment accessibility,
guidelines, and access to clinical trial partici-
pation depending on the region or country
where the patient lives. While PROs are one of
the key measures of patient QoL, real-world

data are limited. Widespread implementation of
technologies which allow standardization and
quantification of PROs by patients and physi-
cians can aid in joint decision-making for opti-
mizing treatment, and give patients ownership
of their disease management.
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