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A B S T R A C T

Purpose
Reported survival in patients with myeloproliferative neoplasms (MPNs) shows great variation.
Patients with primary myelofibrosis (PMF) have substantially reduced life expectancy, whereas
patients with polycythemia vera (PV) and essential thrombocythemia (ET) have moderately
reduced survival in most, but not all, studies. We conducted a large population-based study to
establish patterns of survival in more than 9,000 patients with MPNs.

Patients and Methods
We identified 9,384 patients with MPNs (from the Swedish Cancer Register) diagnosed from 1973
to 2008 (divided into four calendar periods) with follow-up to 2009. Relative survival ratios (RSRs)
and excess mortality rate ratios were computed as measures of survival.

Results
Patient survival was considerably lower in all MPN subtypes compared with expected survival in
the general population, reflected in 10-year RSRs of 0.64 (95% CI, 0.62 to 0.67) in patients with
PV, 0.68 (95% CI, 0.64 to 0.71) in those with ET, and 0.21 (95% CI, 0.18 to 0.25) in those with
PMF. Excess mortality was observed in patients with any MPN subtype during all four calendar
periods (P � .001). Survival improved significantly over time (P � .001); however, the improve-
ment was less pronounced after the year 2000 and was confined to patients with PV and ET.

Conclusion
We found patients with any MPN subtype to have significantly reduced life expectancy compared
with the general population. The improvement over time is most likely explained by better overall
clinical management of patients with MPN. The decreased life expectancy even in the most recent
calendar period emphasizes the need for new treatment options for these patients.

J Clin Oncol 30:2995-3001. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Myeloproliferative neoplasms (MPNs) are a group
of clonal hematologic malignancies with great vari-
ation in reported patient life expectancy.1 MPNs,
consisting of polycythemia vera (PV), essential
thrombocythemia (ET), primary myelofibrosis
(PMF), and MPN unclassifiable (MPN-U), are
characterized by a relatively indolent course, which
can be complicated by thromboembolic events, and
transformation to acute myeloid leukemia (AML).
In 2005, new light was shed on the pathophysiology
of MPNs with the discovery of an activating muta-
tion in the Janus kinase 2 domain (JAK2 V617F) of
the erythropoietin receptor, resulting in excess uni-,
bi-, or trilinear myeloproliferation.2-5 Since then,
several new mutations and a familial predisposition
have been described in MPNs.6-8

Although progress has been made in the under-
standing of the pathogenesis and molecular biology
of MPNs, there is still uncertainty regarding re-
ported survival among patients with MPNs. To our
knowledge, there have been only a small number of
population-based studies published on survival in
PV, ET, and PMF, which have either included a
limited number of patients or had a limited
follow-up time.9-12 In these studies as well as clinical
trials, patients with PMF have consistently been re-
ported to have reduced life expectancy.10-14 In the
majority of studies, patients with PV have been ob-
served to have moderately reduced survival.9,15-18 In
contrast, according to most,10,15,19-22 but not all,23

reports, survival of patients with ET is not affected by
the disease.

To establish patterns of survival in patients with
MPNs, we conducted a large population-based
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study including more than 9,000 patients with MPNs diagnosed in
Sweden from 1973 to 2008, with follow-up until 2009.

PATIENTS AND METHODS

Registries and Diagnostics

Sweden provides universal medical care for the entire population, cur-
rently approximately 9.5 million people. Information regarding patients diag-
nosed with a malignant disease in Sweden is by law reported to the population-
based nationwide Swedish Cancer Registry, which was established in 1958.24 It
is mandatory for every physician to report each patient with an MPN to the
register; in 1984, the double reporting system (both clinicians and patholo-
gists/cytologists) was introduced for MPNs, increasing the completeness of the
registry.25 Each individual in Sweden receives a unique national registration
number, and every death date is recorded in the Cause of Death Registry.

In Sweden, from the mid 1970s to the late 1990s, the diagnostics of PV,
ET, and PMF were based on the Polycythemia Vera Study Group criteria.26,27

During the study period, certain modifications to the classification of MPNs
were made. MPN-U was introduced into the Swedish Cancer Register in 1993.
Diagnostic criteria were revised in 2001 by the WHO, introducing prefibrotic
PMF as a new entity, separated from ET by bone marrow histology.28 JAK2
status was incorporated into the 2008 WHO classification criteria.1 Informa-
tion on the number of allogeneic stem-cell transplantations in patients with
MPNs in Sweden during the study period was obtained from the European
Group for Blood and Marrow Transplantation register, which was established
in 1974.

Patient Cohort

We identified all patients diagnosed with an MPN reported to the Swed-
ish Cancer Register between January 1, 1973, and December 31, 2008. Infor-
mation was gathered on sex, date of birth, and date of diagnosis. By linking the
national registration number to the Cause of Death Register, information on
date of death was collected up to December 31, 2009 (end of follow-up).
Patients underwent follow-up from the date of diagnosis until death, emigra-
tion, or end of follow-up, whichever occurred first.

The study was approved by the Stockholm Regional Ethics Review
Board. Informed consent was waived, because we had no contact with
study patients.

Survival Analyses

Relative survival ratios (RSRs) were computed as measures of patient
survival.29,30 Relative survival is defined as the observed survival in the patient
group (where all deaths are considered events) divided by the expected survival
of a comparable group from the general population, which is assumed to be
free from the cancer in question. RSR provides a measure of total excess
mortality associated with a diagnosis of MPN, irrespective of whether the
excess mortality was directly or indirectly associated with the MPN. Expected
survival was estimated using the Ederer II method from the Swedish popula-
tion life tables stratified by age, sex, and calendar period.31 One-, 5-, 10-, 15-,
and 20-year RSRs with 95% CIs were calculated for patients with MPNs during
four calendar periods: 1973 to 1982, 1983 to 1992, 1993 to 2000, and 2001 to
2008. The two latter calendar periods were made shorter to obtain a more even
patient distribution and facilitate detection of effects on survival resulting from
introduced changes in classification and treatment. In the most recent calen-
dar period, 1-, 5-, and (because of the limited follow-up time) 8-year RSRs
were calculated. RSRs were calculated separately in patients with different
MPN subtypes (PV, ET, PMF, and MPN-U) for the whole cohort and for each
of the four calendar periods. In addition, RSRs were analyzed in patients
diagnosed before versus after 1993, which was when the category MPN-U was
introduced. RSRs were calculated for patients in five age categories (�50, 50 to
59, 60 to 69, 70 to 79, and � 80 years) and separately for men and women.

Poisson regression was used to model excess mortality to estimate the
effects of the factors described while controlling for potential confounding
factors.30 The parameter estimates from this model are interpreted as excess
mortality rate ratios (EMRRs). An EMRR of 1.5, for example, for men/women
indicates that men experience 50% higher excess mortality than women. All

EMRRs were adjusted for age, sex, and calendar period of diagnosis. All
calculations were performed using STATA version 10.1 (STATA, College
Station, TX).

RESULTS

A total of 9,384 patients with MPNs were identified (PV, n � 4,389;
ET, n � 2,559; PMF, n � 1,048; and MPN-U, n � 1,388; Table 1).
There was a higher proportion of women (53%). Median age at
diagnosis was 71 years and was constant during the last three calendar
periods. The reported number of patients during each calendar period
increased over time, being more than twice as high in the most recent
calendar period compared with the first (Table 1). Median year of
diagnosis was 1995, and 6,180 patients (66%) died during follow-up.
A total of 71 allogeneic stem-cell transplantations in patients with
MPNs were reported to the European Group for Blood and Marrow
Transplantation register during the study period. Of these, 72% were
carried out during the most recent calendar period (2001 to 2008;
Table 1). The majority of patients receiving transplants (63%)
had PMF.

Patient survival was considerably lower in all MPN subtypes
compared with expected survival in the general population; 10- and
20-year RSRs were 0.64 (95% CI, 0.62 to 0.67) and 0.32 (95% CI, 0.29
to 0.35) for PV, 0.68 (95% CI, 0.64 to 0.71) and 0.44 (95% CI, 0.37 to
0.51) for ET, and 0.21 (95% CI, 0.18 to 0.25) and 0.06 (95% CI, 0.04 to
0.09) for PMF, respectively (Fig 1). Ten- and 15-year RSRs were 0.49
(95% CI, 0.44 to 0.53) and 0.39 (95% CI, 0.32 to 0.47) for patients
classified as MPN-U (Fig 1). Compared with those with PV, patients
with PMF and MPN-U had higher overall excess mortality; EMRRs
were 4.38 (95% CI, 3.90 to 4.91) and 4.57 (95% CI, 3.87 to 5.41) for
PMF and MPN-U, respectively. Patients with ET had an EMRR of 1.83

Table 1. Patient Distribution

Characteristic

Calendar Period

Total
1973 to

1982
1983 to

1992
1993 to

2000
2001 to

2008

Total No. of patients 1,644 2,413 2,292 3,035 9,384
MPN subtype

PV 1,248 1,336 861 944 4,389
ET 157 728 697 977 2,559
PMF 239 349 171 289 1,048
MPN-U — — 563 825 1,388

Age, years
� 50 133 221 256 300 910
50-59 233 275 277 458 1,243
60-69 461 605 492 627 2,185
70-79 585 912 788 948 3,233
� 80 232 400 479 702 1,813

Median age at
diagnosis, years 69 71 71 71 71

Sex
Male 821 1,135 1,054 1,443 4,453
Female 823 1,278 1,238 1,592 4,931

Male/female ratio 50/50 47/53 46/54 48/52 47/53
No. of SCTs 1 4 15 51 71

Abbreviations: ET, essential thrombocythemia; MPN, myeloproliferative neo-
plasm; MPN-U, MPN unclassified; PMF, primary myelofibrosis; PV, polycythe-
mia vera; SCT, stem-cell transplantation (allogeneic).
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(95% CI, 1.59 to 2.10) using PV as reference (P � .001). The inferior
survival of patients with ET compared with those with PV was con-
fined to those diagnosed before 1993 (data not shown). After 1993,
10-year RSRs were 0.72 (95% CI, 0.67 to 0.76) and 0.83 (95% CI, 0.79
to 0.88) for PV and ET, respectively (Fig 2A).

There was an excess mortality in patients with any subtype during
all calendar periods. During the most recent calendar period (2001 to
2008), 8-year RSRs were 0.84 (95% CI, 0.77 to 0.90), 0.91 (95% CI,
0.84 to 0.97), 0.48 (95% CI, 0.39 to 0.57), and 0.54 (95% CI, 0.47 to
0.60) in patients with PV, ET, PMF, and MPN-U, respectively
(Fig 2B).

A significant improvement in RSRs was observed over time in an
analysis of the whole MPN cohort (P � .001; Fig 3). Compared with
patients diagnosed from 1973 to 1982, EMRRs were 0.60 (95% CI,
0.53 to 0.67) for patients diagnosed from 1983 to 1992, 0.29 (95% CI,
0.25 to 0.34) for patients diagnosed from 1993 to 2000, and 0.23 (95%
CI, 0.19 to 0.27) for patients diagnosed from 2001 to 2008 (Table 2).
The improvement between the two most recent calendar periods was
of borderline significance (P � .046). In a stratified analysis of patients
diagnosed before and after 1993, significant improvement in RSRs
over time was seen in patients with PV and ET, whereas no improve-
ment was observed in patients with PMF; 10-year RSRs were 0.21
(95% CI, 0.17 to 0.25) for those with PMF diagnosed before 1993 and
0.19 (95% CI, 0.12 to 0.27) after 1993.

Older age at MPN diagnosis was associated with poorer survival
(Fig 4A). Improved survival rates were seen in all age groups, in all but
the most recent calendar period (Fig 4B).

Women had significantly superior survival, with an EMRR
of 0.72 (95% CI, 0.66 to 0.78), compared with men (reference
1.00; Table 2). There was no significant difference in survival of
patients diagnosed at university hospitals compared with
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Fig 2. Cumulative relative survival among patients with myeloproliferative
neoplasms (MPNs) in Sweden, stratified by subtype, diagnosed (A) during the
years 1993 to 2008 and (B) during the most recent calendar period of 2001 to
2008. ET, essential thrombocythemia; MPN-U, MPN unclassifiable; PMF, pri-
mary myelofibrosis; PV, polycythemia vera; RSR, relative survival ratio.
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nonuniversity hospitals (EMRR, 0.92; 95% CI, 0.84 to 1.01;
Table 2).

DISCUSSION

In this large population-based study including more than 9,000 pa-
tients, we found patients with any MPN subtype to a have inferior
survival compared with the general population during all calendar
periods under study. There was continuous improvement in survival
over time; however, this was less pronounced after the year 2000 as
compared with the improvement seen earlier during the study period.
The observed improvement in survival was restricted to patients with
PV and ET, whereas no improvement was seen in patients with PMF.
This underlines the assertion that all MPNs should be considered
diseases that reduce life expectancy and highlights the need to improve
treatment strategies for these patients.

In patients with PV, survival was 36% lower than expected in the
general population. The finding that PV is associated with reduced life
expectancy is supported by most published studies,9,15-18 but it has
not, to our knowledge, been shown in a study this comprehensive
before. Patients with PV in Sweden during the study period were
treated according to international guidelines,32,33 and in 1998, the
Swedish MPN Study Group published the first edition of national
guidelines.34 In these guidelines, first-line cytoreductive treatment was
hydroxyurea and radioactive phosphorus in patients with PV or ET.
For those with PMF, recommended treatment was hydroxyurea or
interferon.34 In a recent study of treatment-related risk factors for
AML in patients with MPN diagnosed in Sweden from 1958 to 2005,

the most common strategies in this patient cohort were treatment with
hydroxyurea, treatment with radioactive phosphorus, or no cytore-
ductive treatment at all.32 In other studies involving patients with PV,
major causes of death have been thromboembolic events and trans-
formation to AML.16,17 Several factors may have contributed to the
improved survival observed in those with PV. Aspirin prophylaxis and
stringent adherence to the hematocrit goals for phlebotomy have been
shown to be beneficial in preventing thromboembolic complica-
tions.35,36 In addition, prognosis after a vascular event has improved
greatly for patients with PV as well as for the general population.37 The
leukemogenic effect of alkylating agents and radioactive phosphorus
has been recognized and has led to a decline in the use of these
drugs.18,32,33 However, no cytoreductive therapy so far has been
shown to significantly slow disease progression in PV. Even though a
more widespread blood count screening, introduced during the sec-
ond and third calendar periods,38 most likely led to an earlier estab-
lishment of MPN diagnoses (lead time bias29), our findings imply that
better overall clinical management of these patients resulted in the
observed improved outcome.

ET was associated with excess mortality throughout the study
period. This novel finding is in contrast to results from previous
smaller studies with short follow-up time, which reported normal life
expectancy in patients with ET.10,15,19-21 A few studies with more than
10 years of follow-up have reported inferior survival, underlining the
need for long follow-up to detect excess mortality.22,23 As in PV, the
increased risk of thromboembolic events, both at diagnosis and dur-
ing follow-up, in patients with ET is an important contributor to
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Fig 3. Cumulative relative survival among patients with myeloproliferative
neoplasms in Sweden stratified by calendar period of diagnosis. RSR, relative
survival ratio.

Table 2. Excess Mortality Rate Ratios

Characteristic
Excess Mortality

Rate Ratio 95% CI P �

MPN subtype
PV 1.00 (reference)
ET 1.83 1.59 to 2.10 � .001
PMF 4.38 3.90 to 4.91 � .001
MPN-U 4.57 3.87 to 5.41 � .001

Year of diagnosis
1973-1982 1.00 (reference)
1983-1992 0.60 0.53 to 0.67 � .001
1993-2000 0.29 0.25 to 0.34 � .001
2001-2008 0.23 0.19 to 0.27 � .001

Age at diagnosis, years
� 50 0.33 0.26 to 0.40 � .001
50-59 0.55 0.47 to 0.65 � .001
60-69 1.00 (reference)
70-79 1.50 1.34 to 1.67 � .001
� 80 2.68 2.35 to 3.05 � .001

Sex
Male 1.00 (reference)
Female 0.72 0.66 to 0.78 � .001

Hospital type
Nonuniversity 1.00 (reference)
University 0.92 0.84 to 1.01 .077

NOTE. Global tests for effect of subtype, calendar period, age, and sex were
all significant (P � .001).

Abbreviations: ET, essential thrombocythemia; MPN, myeloproliferative neo-
plasm; MPN-U, MPN unclassified; PMF, primary myelofibrosis; PV, polycythe-
mia vera.

�P values are for test compared with reference; all variables adjusted for
MPN subtype, calendar period of diagnosis, age at diagnosis, and sex.

Hultcrantz et al

2998 © 2012 by American Society of Clinical Oncology JOURNAL OF CLINICAL ONCOLOGY



mortality in these patients.39,40 As discussed, prophylaxis and treat-
ment of vascular events and the decline in use of leukemogenic drugs
have most likely played an important role in the observed improve-
ment in survival. The reported number of patients in each calendar
period increased over time, most probably reflecting a better coverage
of the registry rather than a true increase in incidence. There may also
have been a certain selection in reporting of only the severe ET cases
during first calendar period, resulting in a better survival rate with
increasing registration of the patients with less aggressive disease dur-
ing the later part of the study period. Possible misclassification with
inclusion of patients with early PMF in the ET group may have con-
tributed to the low RSR in ET before 1993, because patients with early
PMF have inferior survival compared with those with ET.41,42 An

accurate diagnosis differentiating prefibrotic PMF from ET is impor-
tant not only for predicting overall survival but also for assessing the
risk of bleeding complications and transformation to overt myelofi-
brosis and leukemia, both of which are higher in patients with prefi-
brotic PMF. Patients in Sweden, however, were classified according to
the Polycythemia Vera Study Group criteria27 and later the WHO
criteria,1,28 as in previously published studies from the corresponding
calendar periods.10,15,19-23 Even after the introduction of the WHO
classification in 2001, leading gradually to a group of more homoge-
neous patients with ET, this diagnosis was still associated with excess
mortality during the most recent calendar period (2001 to 2008).
Whether true ET is associated with normal survival needs to be inves-
tigated in future trials, but until then, ET should be recognized as a
serious disease affecting life expectancy.

As previously reported,10-14 PMF was the subtype associated
with the lowest relative survival; in addition, we found no improve-
ment in survival over time. Patients with PMF have a higher rate of
transformation to AML and myelodysplastic syndrome32,42 com-
pared with patients with other subtypes; additionally, these patients
experience a high risk of thromboembolic and hemorrhagic events,
contributing largely to the excess mortality.43 Only a small number of
patients underwent allogeneic stem-cell transplantation, which
is the only known cure for PMF but is associated with substantial
transplantation-related mortality.44 Several novel agents have
been investigated in PMF, such as thalidomide, lenalidomide, and
JAK2 inhibitors, but only a few patients during this study period
were included in clinical trials of these drugs. Apart from smaller
reports on interferon possibly reducing bone marrow fibrosis,45 no
treatment has been shown to modify disease progression.8,46 There
are, however, promising data on symptom relief with JAK2 inhibi-
tors,47 and in a recent preliminary report, a survival benefit was seen in
patients with PMF treated with JAK2 inhibitors when compared
with placebo.48

MPN-U is a heterogeneous group including both patients in
early as well as late disease stages who do not meet the criteria for PV,
ET, or PMF.1 The excess mortality seen in patients with MPN-U may
be explained by a predominance of patients in this group having late
stage disease, including secondary myelofibrosis, which in turn is
associated with high mortality.1

Age was a strong predictor of prognosis; higher age at diagnosis
predicted poorer relative survival during all calendar periods. Similar
results were reported in the ECLAP (European Collaboration on Low-
dose Aspirin in Polycythemia Vera) trial.49 Possibly, older patients are
affected by a more aggressive disease and/or higher rate of treatment-
related complications. Some authors have reported less optimal strin-
gency to treatment guidelines and less restrictive use of leukemogenic
drugs in older patients because of the expected shorter survival.32,49,50

This needs to be addressed in the clinical setting to optimize treatment
for elderly patients.

Female patients with MPNs had better outcome than male pa-
tients. Superior survival in female patients has been shown in many
other studies of hematologic malignancies,15,51,52 but the underlying
causes of the better outcome in women are currently unknown. It is
possible that this could reflect variations in biology, treatment, and/or
lifestyle factors.

The strengths of our study include a register-based cohort design
including a large number of patients over a period of 36 years, ensur-
ing a population-based setting and generalization of our findings. The
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Fig 4. (A) Cumulative relative survival among patients with myeloproliferative
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stratified by age and calendar period of diagnosis.
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Swedish Cancer Register consists of prospectively collected data and
has a high diagnostic validity for hematologic malignancies.24

A limitation of this study is the lack of detailed medical informa-
tion such as clinical and laboratory data in the Swedish Cancer Regis-
ter; we were therefore not able to confirm individual diagnoses. In
addition, as discussed, there were changes to the classification system
during the study period, which may have influenced the comparison
of survival and risk of complications in different MPN subtypes
over time.

In summary, in this large population-based study, we found all
MPN subtypes to have significantly reduced life expectancy compared
with the general population, even in the most recent calendar period.
Survival improved over time in patients with PV and ET and in all age
groups. There was no improvement in survival in those with PMF, and
only marginal improvement was observed between the two most
recent calendar periods in the whole MPN cohort. Apart from better
prophylaxis and management of disease complications, in contrast to
chronic myelogenous leukemia, no disease-specific therapy has been
shown to significantly improve survival in MPNs.50 Ongoing and
future studies of the molecular background of MPNs and the under-

lying causes of the observed excess mortality are needed to enhance
our understanding of these diseases. The reduced life expectancy seen
in this study in all MPN subtypes underlines the need to optimize our
current treatment strategies and highlights the need for new disease-
modifying therapies to change the outlook for patients with MPNs.
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