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Primary myelofibrosis (PMF) is a hematologic malig-
nancy currently classified as a myeloproliferative neo-

plasm.1 Pathogenetic mechanisms in PMF include stem 
cell–derived clonal myeloproliferation and recurrent but 
nonspecific cytogenetic and molecular abnormalities.2-4 
Clinical manifestations include anemia, marked hepa-
tosplenomegaly, constitutional symptoms, cachexia, and 
extramedullary hematopoiesis.5 Blood and bone marrow 
changes include leukoerythroblastosis seen in the periph-
eral blood smear, bone marrow fibrosis, and osteosclero-
sis.5 Primary myelofibrosis  should be distinguished from 
post–polycythemia vera myelofibrosis or post–essential 
thrombocythemia myelofibrosis,6 although management of 
all 3 is similar.
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In the past 20 years, management of primary myelofibrosis (PMF) 
has incorporated new treatment approaches, but survival benefits 
have not been confirmed in controlled studies. This retrospec-
tive study includes 176 consecutive patients younger than age 
60 years in whom PMF was diagnosed during a 30-year period 
(1976-2005). Median age at diagnosis was 50 years (range, 
18-59 years), and 98 patients (55%) were men. At the time of 
this report, 99 patients (56%) had died; the 77 surviving patients 
were followed up for a median of 8 years (range, 4-24 years). 
Overall median survival was 9.2 years, and 15- and 20-year sur-
vival rates were 32% and 20%, respectively. According to the 
Dupriez Prognostic Scoring System (PSS), median survivals were 
12.7, 4.8, and 2.4 years in low- (n=117), intermediate- (n=44) 
and high- (n=15) risk patients (P<.001). According to the Inter-
national PSS, median survivals were 13.4, 9.7, 3.3, and 2.4 years 
in low- (n=76), intermediate-1 (n=50), intermediate-2 (n=29), and 
high-risk patients (n=8; P<.001). To examine the effect of decade 
of diagnosis on survival, we divided study patients into 3 groups 
by year of diagnosis: 1976-1985 (n=36), 1986-1995 (n=45), and 
1996-2005 (n=95). The corresponding median survivals were 4.8, 
7.3, and “not reached” (P=.003), and the difference in survival 
was significant during multivariable analysis that included risk 
scores according to the aforementioned PSSs and age as covari-
ates. The improvement in survival in recent years was most appar-
ent in patients with high/intermediate-risk disease (P<.002), not 
in those with low-risk disease (P=.42). These observations are 
encouraging and suggest a salutary effect from modern therapeu-
tic approaches in PMF.
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allo-HCT = allogeneic hematopoietic cell transplant; CIC = conventional 
intensity conditioning; PMF = primary myelofibrosis; PSS = Prognostic 
Scoring System;  RIC = reduced-intensity conditioning

	 Primary myelofibrosis is associated with both short-
ened survival and poor quality of life.7 Causes of death 
include progression to blast phase disease.8 Currently, 5 
main treatment approaches are available for PMF9: (1) ob-
servation alone for asymptomatic disease without severe 
anemia or marked splenomegaly; (2) conventional drug 
therapy for either anemia (eg, androgen preparations, da-
nazol, corticosteroids, erythropoiesis-stimulating agents, 
thalidomide, or lenalidomide) or splenomegaly, throm-
bocytosis, or leukocytosis (eg, hydroxyurea)10; (3) use 
of experimental drugs such as pomalidomide11 or JAK2 
inhibitors12; (4) palliative surgery (eg, splenectomy) or 
radiation therapy for symptomatic  extramedullary he-
matopoiesis; and (5) allogeneic hematopoietic cell trans-
plant (allo-HCT).13

	 Currently, allo-HCT is the only treatment approach for 
PMF (or post–polycythemia vera or post–essential throm-
bocythemia myelofibrosis) that is potentially curative.14 
The first series of reports on the value of conventional 
intensity conditioning (CIC) allo-HCT for myelofibrosis 
appeared in the 1990s and included a seminal paper pub-
lished in 1999.15 Since then, reduced-intensity conditioning 
(RIC) regimens have been used and promoted as being less 
toxic and as effective as CIC regimens.16 The overall value 
of both RIC and CIC allo-HCT is undermined by high in-
cidences of treatment-related mortality and morbidity, and 
survival benefit has not been shown in a controlled set-
ting.17 Similarly, the first report on the use of thalidomide 
for PMF appeared in 2000,18 but its value, as well as that 
of other new drugs for PMF,19 in terms of survival has not 
been systematically analyzed. Furthermore, an increasing 
number of patients with PMF are participating in clinical 
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trials. Considering all these issues, it is reasonable to exam-
ine survival trends in PMF during the past few decades.

PATIENTS AND METHODS

The Mayo Clinic database of adult patients with PMF (age 
≥18 years) was used to select consecutive patients young-
er than 60 years who were seen from 1976 through 2005 
(30-year period). Permission was obtained from the Mayo 
Clinic Institutional Review Board to examine the medical 
records of all study patients. Follow-up information was 
updated in September 2009. Primary myelofibrosis was 
diagnosed according to the World Health Organization cri-
teria after re-review of both clinical information and bone 
marrow histologic findings.20

	 Descriptive and statistically analyzed data were based 
on parameters collected at the time of initial diagnosis. 
Conventional statistical procedures were used, and all data 
were analyzed with StatView (SAS Institute, Cary, NC). All 
P values were 2-tailed, and statistical significance was set 
at P<.05. Kaplan-Meier survival curves were used to esti-
mate overall and leukemia-free survival. Cox proportional 
hazards regression models were used to assess associations 
of risk factors with survival. The multivariate Cox models 
were designated a priori to include factors considered to 
have potential association with patient survival. These fac-
tors included age at diagnosis, sex, decade of diagnosis, 

Dupriez risk group, and International Prognostic Scoring 
System (PSS) risk group. 

Results and Discussion

This study consists of 176 young adults (median age, 50 
years; range, 18-59 years; 98 men) with World Health 
Organization–defined PMF. Their clinical and laboratory 
details are outlined in the Table. Risk distribution accord-
ing to the Dupriez21 PSS was low in 117 patients (66%), 
intermediate in 44 (25%), and high in 15 (9%); Figure 
1 shows Dupriez PSS-stratified survival data (P<.001), 
which confirm the representative nature of the study pop-
ulation. In addition, sufficient information was available 
for 163 patients, which allowed stratification according to 
the International PSS; this was even more effective in de-
lineating prognostically different patient groups (Figure 
2; P<.001).22

	 At the time of this report, 99 patients (56%) had died 
(median time to death, 4.4 years; range, 0.1-23.2 years). 
Overall median survival was 9.2 years, and 15- and 20-year 
survival rates were 32% and 20%, respectively. During the 
disease course, 25 patients (14%) developed blast phase 
disease, which was uniformly fatal; the respective inci-
dences of blast phase disease were 22%, 13%, and 12% 
in patients in whom the diagnosis was made in the 3 con-
secutive decades from 1976 through 2005; leukemia-free 

TABLE. Clinical and Laboratory Features of 176 Patients Younger Than 60 Years With Primary Myelofibrosis,  
Stratified by Year of Diagnosis 

	 Patients

				    All 	 1976-1985	 1986-1995	 1996-2005
			   Variable	 (N=176)	 (n=36)	 (n=45)	 (n=95)	 P valuea

Age (y), median (range) 	 50 (18-59)	 52 (36-59)	 50 (18-59)	 50 (33-59)	 .32
Male (%)		  98 (55)	  17 (46)	  27 (60)	 54 (57)	 .41
Hemoglobin (g/dL), median (range)	 11.1 (4.5-16.1)	 11.1 (4.9-14.3)	 10.7 (5.0-14.8)	  11.5 (4.5-16.1)	 .17
Leukocyte count (× 109/L), median (range)	   7.1 (1.6-82.0)	   7.1 (2.0-82.0)	 8.3 (1.6-8.7)	    7.0 (1.8-77.1)	 .67
Platelet count (× 109/L), median (range)	  311 (12-2200)	  315 (12-2200)	  276 (12-1668)	 306 (14-955)	 .49
Dupriez risk group						      .29
		  Low		  117	 22	 26	 69
   	 Intermediate		  44	 9   	 14	 21	
		  High		  15	 5	 5	 5	
International Prognostic Scoring System     	 163b	 33b	 41b	 90b	 .84	
		  Low		  76	 14	 19	 43
		  Intermediate-1		  50	 12	 10	 28
		  Intermediate-2		  29	 5	 10	 14
		  High		  8	 1	 2	 5	
Karyotype  		  74b	  6b	 16b	 52b	 .10
		  Normal		  44	 2	 7	 35
		  Abnormal		  30	 4	 9	 17	  
JAK2V617F		  89b	 2b	 17b	 70b	 .75
		  Negative		  45	 1	 10	 34
		  Positive		  44	 1	 7	 36	         

a For comparison of variables between the 3 groups stratified by decade. Differences in distribution of continuous variables between the 3 
groups were analyzed by Kruskal-Wallis test; nominal variables were compared by χ2 test.

b Number of patients with available information.
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FIGURE 1. Survival data for 176 patients younger than 60 years with primary myelofibrosis, according to their risk 
assignment per the Dupriez Prognostic Scoring System.21

FIGURE 2. Survival data for 163 patients younger than 60 years with primary myelofibrosis, according to their risk 
assignment per the International Prognostic Scoring System.22
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survival was similar among the 3 groups (P=.68). Among 
the 77 surviving patients, median follow-up was 8 years 
(range, 4-24 years). Treatment administered to more than 
10 patients included hydroxyurea in 59 patients, systemic 
corticosteroids in 51, erythropoiesis-stimulating agents in 
30, androgen preparations in 29, thalidomide in 20, sub-
cutaneous interferon in 16, anagrelide in 15, danazol in 
11, and pirfenidone in 11. Thirty-eight patients (21%) had 
undergone splenectomy; 27%, 33%, and 14% in the 3 con-
secutive decades, respectively; these numbers should not 
be compared because, like leukemic transformation, the 
need for splenectomy is a time-dependent variable. Twelve 
patients had undergone allo-HCT.
	 To assess possible changes in life expectancy during re-
cent years, we stratified the study cohort by year of diagno-
sis into 3 groups in whom the diagnosis was made between 
1976 and 1985 (n=36), 1986 and 1995 (n=45), and 1996 and 
2005 (n=95). These decade-stratified patient groups were 
similar in age, sex, and clinical stage distributions (Table). 
However, they differed significantly in survival (Figure 3; 
P=.003). Hazard ratios (95% confidence intervals) were 
2.4 (1.4-4.0) and 1.7 (1.1-2.9) when survival was compared 
in the first 2 decades, respectively, with those of the most 
recent decade. The independent effect of decade of diag-
nosis on survival was confirmed by multivariate analysis 
that included age and staging according to conventional 

PSSs.21,22 However, the survival benefit in the more recent-
ly diagnosed patient groups was most apparent for those 
with high/intermediate-risk (Figure 4; P=.002) compared 
with those with low-risk disease (Figure 5; P=.42). Censor-
ing patients at time of transplant had minimal effect on the 
overall results. Among those diagnosed in the most recent 
decade, 70 patients had information on JAK2V617F muta-
tion status; survival was similar between mutation-positive 
(n=36) and mutation-negative (n=34) patients (P=.12).
	 In this study of mature survival data for 176 consecutive 
patients with PMF diagnosed over a 30-year period, most 
patients (56%) were followed to death, and the minimum 
follow-up for surviving patients was 4 years (maximum, 
24 years). The findings suggest that high/intermediate-risk 
patients in whom the diagnosis was made after 1986 (ie, 
1986-1995 or 1996-2005) lived longer than those in whom 
the diagnosis was made earlier (ie, 1976-1985). The im-
provement in survival was most impressive for patients in 
whom the diagnosis was made in the most recent decade 
(ie, 1996-2005), in which median survival was not reached 
(Figure 3). These results are somewhat different from those 
of another single institutional study in which survival was 
found to be similar among 109 patients (age range, 17-89 
years) in whom the diagnosis was made before 1986 (ie, 
1975-1986) or between 1987 and 1997.23 The 2 studies 
cannot be directly compared because of the different age 

FIGURE 3. Survival data for 176 patients younger than 60 years with primary myelofibrosis, stratified into 3 con-
secutive decades according to their year of diagnosis.
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FIGURE 4. Survival data for 59 patients younger than 60 years with intermediate/high-risk (Dupriez Prognostic Scor-
ing System21) primary myelofibrosis, stratified into 3 consecutive decades according to their year of diagnosis.

FIGURE 5. Survival data for 117 patients younger than 60 years with low-risk (Dupriez Prognostic Scoring System21) 
primary myelofibrosis, stratified into 3 consecutive decades according to their year of diagnosis.
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groups and the comparatively smaller sample size of the 
informative patient group (high/intermediate-risk) in the 
Spanish study. One could also argue that increased access to 
investigational therapy might have contributed to the posi-
tive findings in the current study. However, the number of 
patients treated with one particular treatment modality (eg, 
allo-HCT or thalidomide) was not large enough to credit 
specific treatment approaches for the observed improve-
ment in survival. In other words, although the results of 
the current study should encourage patients to participate 
in clinical trials, prospective randomized studies are neces-
sary to confirm associated survival benefit and, according 
to the observations from the current study, historical con-
trols cannot be used as a substitute to estimate the benefit 
of new treatment modalities.
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