
14 May 2024

A new prognostic scoring system for primary myelofibrosis based on a study of the International Working
Group for Myelofibrosis Research and Treatment / Francisco Cervantes; Brigitte Dupriez; Arturo Pereira;
Francesco Passamonti; John T Reilly; Enrica Morra; Alessandro M Vannucchi; Ruben A Mesa; Jean-Loup
Demory; Giovanni Barosi; Elisa Rumi; Ayalew Tefferi. - In: BLOOD. - ISSN 0006-4971. - STAMPA. -
113:(2009), pp. 2895-2901.

Original Citation:

A new prognostic scoring system for primary myelofibrosis based on
a study of the International Working Group for Myelofibrosis

Terms of use:

Publisher copyright claim:

(Article begins on next page)

La pubblicazione è resa disponibile sotto le norme e i termini della licenza di deposito, secondo quanto
stabilito dalla Policy per l'accesso aperto dell'Università degli Studi di Firenze
(https://www.sba.unifi.it/upload/policy-oa-2016-1.pdf)

Availability:
This version is available at: 2158/333026 since:

Questa è la Versione finale referata (Post print/Accepted manuscript) della seguente pubblicazione:

FLORE
Repository istituzionale dell'Università degli Studi

di Firenze

Open Access



doi:10.1182/blood-2008-07-170449 
Prepublished online Nov 6, 2008;
2009 113: 2895-2901
 
 
 

 
and Ayalew Tefferi 
Morra, Alessandro M. Vannucchi, Ruben A. Mesa, Jean-Loup Demory, Giovanni Barosi, Elisa Rumi 
Francisco Cervantes, Brigitte Dupriez, Arturo Pereira, Francesco Passamonti, John T. Reilly, Enrica
 

 and Treatment
study of the International Working Group for Myelofibrosis Research 
New prognostic scoring system for primary myelofibrosis based on a

 http://bloodjournal.hematologylibrary.org/cgi/content/full/113/13/2895
Updated information and services can be found at: 

 (2536 articles)Clinical Trials and Observations �
 (46 articles)Myeloid Neoplasia �

 (613 articles)Free Research Articles �
 collections: BloodArticles on similar topics may be found in the following 

 http://bloodjournal.hematologylibrary.org/misc/rights.dtl#repub_requests
Information about reproducing this article in parts or in its entirety may be found online at: 

 http://bloodjournal.hematologylibrary.org/misc/rights.dtl#reprints
Information about ordering reprints may be found online at: 

 http://bloodjournal.hematologylibrary.org/subscriptions/index.dtl
Information about subscriptions and ASH membership may be found online at: 

. Hematology; all rights reservedCopyright 2007 by The American Society of 
200, Washington DC 20036.
semimonthly by the American Society of Hematology, 1900 M St, NW, Suite 
Blood (print ISSN 0006-4971, online ISSN 1528-0020), is published
 
 
 
 

 For personal use only.2009. 
 at UNIVERSITA DEGLI STUDI FIRENZE BIBLIOTECA BIOMEDICA on March 26,www.bloodjournal.orgFrom 

http://bloodjournal.hematologylibrary.org/cgi/content/full/113/13/2895
http://bloodjournal.hematologylibrary.org/cgi/collection/free_research_articles
http://bloodjournal.hematologylibrary.org/cgi/collection/myeloid_neoplasia
http://bloodjournal.hematologylibrary.org/cgi/collection/clinical_trials_and_observations
http://bloodjournal.hematologylibrary.org/misc/rights.dtl#repub_requests
http://bloodjournal.hematologylibrary.org/misc/rights.dtl#reprints
http://bloodjournal.hematologylibrary.org/subscriptions/index.dtl
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl
http://bloodjournal.hematologylibrary.org
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


CLINICAL TRIALS AND OBSERVATIONS
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Therapeutic decision-making in primary
myelofibrosis (PMF) is becoming more
challenging because of the increasing
use of allogeneic stem cell transplanta-
tion and new investigational drugs. To
enhance this process by developing a
highly discriminative prognostic system,
1054 patients consecutively diagnosed
with PMF at 7 centers were studied. Over-
all median survival was 69 months (95%
confidence interval [CI]: 61-76). Multivari-
ate analysis of parameters obtained at
disease diagnosis identified age greater

than 65 years, presence of constitutional
symptoms, hemoglobin level less than
10 g/dL, leukocyte count greater than
25 � 109/L, and circulating blast cells 1%
or greater as predictors of shortened sur-
vival. Based on the presence of 0 (low
risk), 1 (intermediate risk-1), 2 (intermedi-
ate risk-2) or greater than or equal to 3
(high risk) of these variables, 4 risk groups
with no overlapping in their survival
curves were delineated; respective me-
dian survivals were 135, 95, 48, and
27 months (P < .001). Compared with prior

prognostic models, the new risk stratifica-
tion system displayed higher predictive
accuracy, replicability, and discriminat-
ing power. In 409 patients with assess-
able metaphases, cytogenetic abnormali-
ties were associated with shorter survival,
but their independent contribution to
prognosis was restricted to patients in
the intermediate-risk groups. JAK2V617F
did not cluster with a specific risk group
or affect survival. (Blood. 2009;113:
2895-2901)

Introduction

Primary myelofibrosis (PMF)1 is classified as a chronic myelopro-
liferative disorder and characterized by variable degrees of cytope-
nia(s) and/or cytosis, a leukoerythroblastic blood picture, bone
marrow fibrosis, and extramedullary hematopoiesis often resulting
in hepatosplenomegaly.2 From a pathogenesis standpoint, the
disease features clonal proliferation involving pluripotent hemato-
poietic stem cells,3,4 and clonal cell–derived cytokines are impli-
cated for some of the disease aspects such as bone marrow fibrosis
and extramedullary hematopoiesis.2 Most recently, JAK25-7 and
MPL8-10 mutations were described in approximately 50% and 10%
of patients with PMF, respectively. However, the precise pathoge-
netic contribution of these mutations is currently not well defined.

PMF usually affects subjects with advanced age,11 but young people
are not necessarily spared.12 Reported median survivals are variable and
in the range of 4-7 years.13,14 Previous studies have identified several
adverse prognostic factors for survival, including advanced age,15-19

marked anemia,13-22 leukocytosis or leukopenia,14,16,18,22 abnormal karyo-
type,18,23-25 constitutional symptoms,13,14,17,22 and presence of circulating
blasts.13,14,22 Based on some of these variables, several prognostic
scoring systems have been proposed.12,13,18,19,22,26 More recently, the
prognostic value of blood CD34� cell count27,28 and JAK2 mutational
status29-31 has also been evaluated.

Current drug therapy for PMF has not been shown to influence
survival and is often used for palliative purposes only.32 To get out of this

therapeutic deadlock, there is growing use of allogeneic stem cell
transplantation (allo-SCT)33-38 and, more recently, anti-JAK2–targeted
therapy.32 Patient selection for these and other therapeutic approaches in
PMF is often challenging and is the main reason to undertake the current
large multicenter study, to accurately identify prognostic factors that
would facilitate therapeutic decision making for the individual patient.

Methods

Patients and diagnostic criteria

After approval from the Institutional Review Board of each participating
study center, the databases of the 7 participant institutions were screened,
and a total of 1131 consecutive patients diagnosed with PMF during the
period of January 1980 to April 2007 were analyzed. By definition, cases of
post–polycythemia vera (post-PV) or post–essential thrombocythemia
(post-ET) myelofibrosis1 were not considered. After a systematic individual
case review, 19 patients were excluded due to the following reasons:
3 patients met criteria for blastic transformation at presentation (blast cells
in bone marrow or blood � 20%), 1 had extreme leukocytosis (� 150 � 109/L),
9 met criteria for chronic myelomonocytic leukemia, and 6 had hemoglobin
levels that would qualify for a diagnosis of PV. In addition, 58 more patients
were excluded by applying the diagnostic criteria for PMF recently
established by the World Health Organization (WHO) classification sys-
tem,39 because diagnosis in these excluded cases had been based on the
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presence of isolate thrombocytosis (� 450 � 109/L) with grade 1 bone
marrow fibrosis that was not associated with palpable splenomegaly,
anemia, leukoerythroblastosis, or increased serum lactate dehydrogenase
(LDH) levels. In the end, therefore, 1054 patients were submitted for
analysis of prognostic factors.

Due to the long study period, diagnosis of PMF was made according to
the criteria accepted at the time when the patient was diagnosed. In all
cases, presence of an increased reticulin and/or collagen bone marrow
content without any apparent cause (such as chronic myeloid leukemia, PV,
myelodysplasia, lymphoproliferative disorders, scleroderma, primary pul-
monary hypertension, or others) was required, in addition to the presence of
features typical of the disease, including palpable splenomegaly, leukoeryth-
roblastosis, or histologic demonstration of myeloid metaplasia. Cases of the
so-called “prefibrotic” form of PMF,39,40 characterized by lack of marrow
fibrosis with highly dysplastic megakaryocytes, usually accompanied by
thrombocytosis, but without anemia, splenomegaly, or leukoerythroblasto-
sis, were not considered, because most patients were diagnosed before this
histologic variant of PMF was recognized by the WHO classification and to
minimize the inadvertent inclusion of patients with ET.41,42

Treatment

Disease management was variable and usually based on the disease
characteristics in every individual patient. It included a wait-and-see
approach until disease progression in asymptomatic patients, single-agent
oral chemotherapy (mainly hydroxyurea, but also busulfan, 6-mercaptopu-
rine, pipobroman, and thioguanine), androgens, erythropoiesis stimulating
agents, prednisone, interferon-�, anagrelide, immunomodulatory agents
such as thalidomide and lenalidomide and, in few instances, intravenous
cytotoxic agents such as radiophosphorus and cladribine. A total of
111 patients underwent splenectomy during the study period, 5 received
allo-SCT with a standard (n � 4) or a reduced-intensity conditioning (RIC)
regimen (n � 1), and 2 autologous SCT.

Data evaluated

The initial variables selected for prognostic assessment were those previ-
ously shown to be of prognostic value in PMF, those clinically meaningful,
and possible confounders (namely, diagnostic period and series of origin),
provided that they were available in the majority of patients. With the above
premises, the following characteristics were analyzed for prognostic
significance: diagnostic period (before and after 1995), institution of origin,
patient’s sex, age greater than 65 years, presence of constitutional symp-
toms (weight loss � 10% of the baseline value in the year preceding PMF
diagnosis and/or unexplained fever or excessive sweats persisting for more
than 1 month), hemoglobin (Hb) less than 10 g/dL, leukocyte count
(considered at the cutoff levels of 4 � 109/L, 20 � 109/L, 25 � 109/L, and
30 � 109/L), presence (� 1%) of circulating blasts in peripheral blood, and
platelet count less than 100 � 109/L. These variables were available in
96.6% to 100% of patients. At a further step, other variables available in a
lower proportion of patients were also analyzed, including monocyte counts
greater than 1 � 109/L (counts available in 65.4% of cases), presence or not
of abnormalities in a karyotype obtained from marrow or unstimulated
blood (assessable in 409 patients), JAK2 mutational status (345 patients),
and blood CD34� cell count (150 cases).

Statistical methods

The major outcome was survival from diagnosis, and it was estimated using
the Kaplan-Meier method.43 The effect of the potential prognostic factors
on survival was evaluated by the Cox proportional hazards (PH) regres-
sion.44 In every Cox model, the PH assumption was checked by graphical
methods and by the Grambsch-Therneau test.45

The final prognostic model was identified through a stepwise selection
process based on a z test of the regression coefficients. Initially, all potential
risk factors and confounders were included in the multivariate Cox model.
At each step, variables with a P value for the z test greater than the cutoff
were excluded from the model, and the remaining ones were tested again
for their independent association with survival until no more variables met

the criteria for exclusion. To safeguard against associations occurring by
chance due to multiple simultaneous tests, the cutoff values for the z test
were Bonferroni-adjusted by dividing 0.05 by the number of covariates in
the model at each step.

The prognostic scoring system was evaluated by calculating its
discriminating power, compared with that of currently used PMF prognostic
systems, and its positive predictive accuracy for actual survival longer (or
shorter) than definite time periods from diagnosis. The discriminating
power was measured by the Harrell’s C concordance index,46 which
represents the proportion of all possible pairs of patients in which the
ordering of the risk of death, as predicted by the model, agrees with the
observed outcome, after excluding tied observations. Values can range from
0 to 1, with values close to 1 indicating that the scoring system almost
perfectly discriminates between patients with different risk of death, while
those close to 0.5 indicate that the model’s discriminating power is not
better than chance alone. Bias-corrected 95% confidence intervals (CIs) for
the estimated Harrell index were calculated using resampling with
500 replicates.

The positive predictive accuracy of a prognostic subgroup for actual
survival is the proportion of patients in this subgroup who survive longer (or
shorter) than a given time cutoff. It was calculated after excluding patients
censored before the cutoff, whose actual survival cannot yet be known for
certain, as previously described.47

The replicability of the prognostic scoring system was tested by
bootstrap resampling. One thousand samples, the same size as the original
series, were built through random extraction with reposition, so that in each
sample, a given patient might either not be represented at all or represented
once, twice, or more times. The parameters assessed by resampling were the
95% CI for the hazard ratio of the prognostic factors identified at the Cox
regression model and the 95% CI for the 75th, 50th, and 25th percentiles of
survival time for each prognostic subgroup. Resampling allows verifying
that the prognostic factors identified at the Cox model and the derived
prognostic subgroups were not critically dependent on the particular
composition of the study series.

The relative survival is the ratio of the mortality observed in the series to
the yearly age- and sex-adjusted mortality of the general population for the
country of origin and background life span after diagnosis. It permits to
evaluate the intrinsic prognostic value of variables like age and sex after
excluding their demographic-driven effect on mortality and to compare the
survival of patients diagnosed over distant time periods or in countries with
a different background life expectancy. Relative survival analysis allows to
identify disease-specific prognostic factors even whether the ultimate cause
of death can be attributed or not to the disease under study. Relative survival
curves were computed using the method described by Hakulinen,48 and the
relative survival values used in the multivariate analysis were calculated by
the Ederer II method.49 The independent association of the potential
prognostic factors with relative survival was evaluated by multivariate
Poisson regression according to the methods described by Dickman et al.50

Country-specific yearly age- and sex-adjusted mortality rates from the year
of diagnosis were obtained from the Human Mortality Database
(http://www.mortality.org).

Comparisons between variables were done using the Chi-square test for
variables expressed as proportions and the Mann-Whitney test for ordered
or continuous variables. The log-rank test was used to compare Kaplan-
Meier survival curves. All tests were 2-sided, and P values less than .05
were considered significant. All analyses were conducted using the STATA
software (http://www.stata.com). For relative survival analysis, the STATA
routines developed by Dickman (Karolinska Institutet, Stockholm, Sweden;
available at http://www.pauldickman.com) were used.

Results

Patients’ features at presentation

Table 1 summarizes the main clinical and laboratory features of the
1 054 patients at diagnosis. As can be seen, the median age was
64 years; 178 patients (16.9%) were younger than 50 years, and
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54 patients (5.1%) were younger than 40 years. Fifty percent of
patients had been diagnosed before 1995. Of the 689 patients with
available monocyte count, 15% had values greater than 109/L.
Bone marrow or unstimulated blood karyotype (n � 409) showed
abnormalities in 30% of cases. Of the 345 patients assessed for
JAK2 status, 59% showed the mutation. Median value for the initial
CD34� cell blood count (n � 150) was 35 (range: 0-1575) � 106/L.

Survival and causes of death

At the time of analysis, 517 patients (49%) had died. Figure 1
shows the actuarial survival curve of the series. Median survival
was 69 months (95% CI: 61-76). Among patients in whom the final
cause of death was known, transformation to acute leukemia was
the most frequent cause (86 patients), followed by PMF progres-
sion without acute transformation (50 cases), thrombosis and
cardiovascular complications (37 cases), infection (n � 29) or
bleeding (n � 14) out of the setting of acute transformation, portal
hypertension (n � 12), and other causes (n � 48, including
12 cases of second neoplasias). Two patients died from complica-
tions of transplantation.

Prognostic factors

In the first step of the stepwise Cox model, 3 variables were
excluded: series of origin, diagnostic period, and white blood cell
(WBC) count less than 4 � 109/L. The variable sex was removed in
the second step. No additional variables were excluded in the third
step, but neither the whole model nor the variable thrombocytope-

nia (platelets � 100 � 109/L) met the PH assumption. Further
investigation on thrombocytopenia was then performed, disclosing
that it was strongly associated with the variable Hb less than
10 g/dL (�2 test � 80.8, P � .001) and that it did not have
prognostic significance in patients without Hb less than 10 g/dL
(log-rank �2 � 0.01, P � .9), while this latter variable retained
its prognostic weight in patients without thrombocytopenia (log-
rank �2 � 53.3, P � .001). Because of this collinearity effect, the
variable thrombocytopenia was removed from the Cox regression.
The resulting prognostic model and every remaining covariate then
met the PH assumption, whereas the regression’s log-likelihood
decreased by only 3% with regard to the model including thrombo-
cytopenia, showing that this variable contributed little to the model’s
goodness of fit. Table 2 shows the 5 variables finally associated with
shorter survival and their frequency in the 1001 patients of the series
with the complete set of data.

Prognostic score

Because there were no marked differences in the hazard ratios of
the 5 prognostic variables, for the sake of simplicity, 1 point was
assigned to each one of them. As a result, the patients’ score could
range from a minimum of 0 to a maximum of 5. Only 4 patients in
the series had a score of 5. In addition, overlapping was observed in
the 95% CI of the median survival of patients with scores 3 and 4,
whereas no such overlapping was seen in patients with scores 0, 1,
and 2. Therefore, patients with scores 3, 4, and 5 were pooled into a
single group, and 4 prognostic groups were finally considered: low
risk (no poor prognostic factor, including 22% of the patients;
median survival 135 months); intermediate risk-1 (1 poor prognos-
tic factor, 29% of the patients; median survival 95 months);
intermediate risk-2 (2 prognostic factors; 28% of the patients;
median survival 48 months); and high risk (3 or more prognostic
factors, 21% of the patients; median survival 27 months; P � .001;
Table 3 and Figure 2).

By Harrell’s C index, the new score proved to have higher
discriminating power than Dupriez, Cervantes, and Mayo prognos-
tic scores (Table S1). Figures S1A through C (available on the
Blood website; see the Supplemental Materials link at the top of the
online article) show the survival curves of the risk groups of the
series according to the above mentioned scores.

Table 1. Main clinicohematologic characteristics at diagnosis of
primary myelofibrosis in 1054 patients

Feature Median (range) Patients
Percent (%) of

patients

Age, y 64 (10-90)

Sex, M/F 638/416 60.5/39.5

Constitutional symptoms 281 27

Palpable splenomegaly 681* 89

Palpable hepatomegaly 365† 50

Hb, g/dL 10.9 (1.7-16.4)

WBC count, �109/L 9.2 (0.7-108)

Platelets, �109/L 277 (2-3 279)

� 400 � 109/L 321 30.5

� 100 � 109/L 174 16.5

Blood blasts � 1% 370‡ 36.4

Number of patients with available information: *n � 768; †n � 735; ‡n � 1018.

Figure 1. Actuarial survival curve of the overall series.

Table 2. Risk factors at presentation of primary myelofibrosis
selected at the stepwise Cox regression model for significant
association with shorter survival*

Risk factor
Frequency in
the series, %

Hazard ratio
(95% CI) z test P

Age � 65 y 44.6 1.95 (1.61-2.36) 6.84 � .001

Constitutional symptoms 26.4 1.97 (1.62-2.40) 6.77 � .001

Hb � 10 g/dL 35.2 2.89 (2.46-3.61) 11.24 � .001

WBC count � 25 � 109/L 9.6 2.40 (1.83-3.14) 6.37 � .001

Blood blasts � 1% 36.2 1.80 (1.50-2.17) 6.29 � .001

*In 1001 patients with the 5 variables available.

Table 3. Definition, frequency, and survival of the risk groups of the
prognostic scoring system of primary myelofibrosis

Risk group
No. of
factors

Proportion
of patients, %

Median survival
(mo; 95% CI)

Proportion
of deaths, %

Low 0 22 135 (117-181) 32

Intermediate-1 1 29 95 (79-114) 50

Intermediate-2 2 28 48 (43-59) 71

High � 3 21 27 (23-31) 73
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Several variations of the model were tested. Thus, when
70 years was used as the cutoff for age, a decrease in the
discriminating power of the model was observed. This was even
more pronounced when the variables age and constitutional
symptoms were removed from the model. When the prognostic
value of the monocytosis was tested in the subgroup of 675 patients
with the data, it did not increase the prognostic weight of the model.
Patients without splenomegaly at diagnosis survived longer than
the remainder, but the difference did not reach statistical signifi-
cance, whereas the variable splenomegaly did not improve the
PMF prognostic score. On the other hand, the possible effect of
splenectomy in the patients’ evolution was not evaluated, as the
study was designed to analyze the prognostic significance of
presenting and not evolutive data.

The results of the validation of the PMF prognostic score are
shown in Figures S2 and S3.

Analysis of the relative mortality

Figure 3 depicts the relative survival of the series compared with
that of the general population. As can be seen, once the demo-
graphic effects of age, sex, country of origin, and year of diagnosis
were excluded, a marked effect of the disease on the patients’
survival was observed. Indeed, mortality at 5 and 10 years from
diagnosis was 40% and 60% greater, respectively, than the
expected mortality in a general population with similar demo-
graphic characteristics. Beside, the 5 prognostic factors identified
at the stepwise Cox regression model also proved to be the ones
significantly influencing on relative survival (data not shown).

Figure 4 shows the relative survival of the 4 risk groups. As can be
observed, during the first 5 years, the relative survival of patients in
the low-risk group did not differ significantly from that of the
general population, being shorter only after such period of time. In
patients in the intermediate risk-1 group, the influence on survival
was noted only after 3 years, whereas in the intermediate risk-2
group, such an effect was evident since the time of diagnosis, with
this effect being even more pronounced in the high-risk group.

Other variables analyzed

In patients with available karyotype (n � 409), presence of cytoge-
netic abnormalities was associated with Hb less than 10 g/dL
(P � .001) and showed a significant association with shorter
survival even after adjustment for the prognostic score (P � .01).
Of note, the presence of an abnormal karyotype contributed to the
prognosis, but only in the 2 intermediate-risk groups and not in the
high- and low-risk groups.

In patients assessed for JAK2 status, a significant association
was found between presence of the mutation and age greater than
65 years (P � .002). However, no association was observed
between JAK2 status and the prognostic score or the survival.

In patients with available blood CD34� cell count at diagnosis,
this parameter correlated with blood blasts greater than or equal to
1% (P � .004), but not with prognostic score or survival. Although
CD34� cell counts greater than 300 � 109/L (n � 11) were associ-
ated with shorter survival, their prognostic value disappeared when
adjusted by prognostic score.

Discussion

PMF is a heterogeneous disease in its presentation32 and evolution.
Median survival is highly variable; a proportion of patients die
shortly after diagnosis, whereas a few survive for 2 decades or
longer.13,14 This fact has stimulated identification of prognostic
factors and, as a result, several prognostic systems have been
proposed. As PMF treatment is essentially palliative, allo-SCT is
increasingly being used,33-38 and newer drugs are being tested in
these patients.32 Although the mortality of RIC allo-SCT is lower
than that of conventional allo-SCT,35-38 there are still some

Figure 2. Actuarial survival curves of the 4 risk groups of patients according to
the new PMF prognostic system.

Figure 3. Relative survival of the series compared with that of the general
population.

Figure 4. Relative survival of the 4 risk groups compared with that of the
general population. Expected survival (�), observed survival (F), and relative
survival (E) with 95% CI.
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associated mortality and morbidity. Therefore, prognostic stratifica-
tion of PMF patients is important to make treatment decisions.
However, given the low frequency of the disease, to date,
prognostic studies have been performed in series including a
relatively small number of patients. In this sense, the present study,
in which more than 1 000 patients from 7 institutions were
analyzed, represents the largest prognostic study ever performed in
this disease.

Median survival of patients in the present series was 5.7 years.
Patients diagnosed after 1995 survived slightly longer than those
diagnosed before (P � .045), but the prognostic significance of
date of diagnosis disappeared at multivariate analysis. As expected
from previous observations, an initial hemoglobin level of less than
10 g/dL was the variable with the highest impact on survival.13-22

Presence of constitutional symptoms is also another previously
well-established risk factor in PMF.13,14,17,22 It is to be noted that
this parameter includes objective measures such as weight loss and
fever and that the temptation to exclude it based on its subjective
elements would significantly reduce the discriminating power of
the current prognostic model. In the current study, leukocyte count
greater than 25 � 109/L performed better, as an adverse risk factor,
compared with the previously described cutoff level of 30 � 109/L.14,22

In addition, the new leukocyte threshold resulted in a higher
number of informative patients in terms of patient stratification. In
contrast, we could not confirm the poor prognostic influence of
either low leukocyte14,22 or high monocyte26 counts. Presence of
circulating blasts at presentation had an unfavorable prognostic
influence, as previously shown.13,14,22 Finally, we were able to
demonstrate that the adverse effect of advance age (age � 65 years)
was not merely a demographic phenomenon but probably an
indication of decreased tolerance to the disease and its complica-
tions by the elderly.

An abnormal karyotype was associated with shorter survival in
the current study. However, we are mindful of the difficulty
obtaining assessable metaphases in PMF because of a “dry tap”
during bone marrow biopsy. The negative prognostic influence of
cytogenetic abnormalities in PMF has previously been pointed
out.18,23-25 In the series by Tefferi et al,25 such adverse influence was
observed for cytogenetic abnormalities as a whole, but when
chromosome changes were analyzed separately, the unfavorable
influence was restricted to trisomy 8 and deletion of 12p, while
deletions of 13q and 20q were not associated with shorter survival.
In our study, the prognostic influence of specific karyotypic
alterations could not be analyzed, because detailed information on
the type of abnormality was not available from all contributing
centers.

The prognostic impact of JAK2V617F or its allele burden in
PMF is currently being debated.29-31 In one retrospective study of
152 patients,29 shorter survival was associated with the presence of
JAK2V617F, whereas Barosi et al,30 in a prospective study of
174 patients, found a correlation between the mutation and
evolution toward large splenomegaly, need for splenectomy, and
frequency of leukemic transformation, but not survival. Similarly,
in 117 patients from the Mayo Clinic,31 no prognostic value for the
JAK2 mutation was noted. In the 345 patients from the present
study in which JAK2V617F mutational status was available, the
presence of the mutation was not associated with either prognostic
score or survival. Information on JAK2V617F allele burden was
available in a small proportion of study patients, and differences
among study centers regarding assay methodology and cell types
used to measure allele burden prevent valid prognostic analysis
using the particular parameter in the current study.

PMF patients have an increased number of CD34� cells in
peripheral blood.27 In one study,27 a correlation between circulating
CD34� cell count and patient risk group was noted, with the higher
the number of such cells the more unfavorable the risk group, but
such prognostic correlation was not confirmed in the series of the
Mayo Clinic28 or in the current study.

Several prognostic score systems for PMF have been pro-
posed.12,13,18,19,22,26 The most widely used is the “Lille score” reported by
Dupriez et al,22 which features 3 prognostic categories based on
hemoglobin level and leukocyte count, median survivals in low-,
intermediate-, and high-risk groups being 93, 26, and 13 months,
respectively. Subsequent studies, including the current one, showed that
the Lille score does not clearly separate intermediate- and high-risk
patient groups. More recently,26 the Mayo Clinic group tried to improve
the Lille score by adding thrombocytopenia (� 100 � 109/L) and
monocytosis (� 1 � 109/L) as additional adverse risk factors. This
resulted in better, but still suboptimal, separation of intermediate- and
high-risk categories. Finally, the scoring system by Cervantes et al,12

applicable also to younger patients,13 is based on hemoglobin level and
the presence or absence of constitutional symptoms and circulating
blasts. However, the value of this system is limited by its ability to
identify only 2 risk groups; identification of an intermediate-
risk group is important, as shown in other hematologic diseases such as
chronic myeloid leukemia51 or the myelodysplastic syndromes.52

Based on 5 parameters readily available at time of diagnosis,
the current prognostic model identifies 4 prognostic groups in
PMF that are clearly different with regard to survival. Accord-
ingly, low- and high-risk patient groups, including more than
one-fifth of the study patients each, displayed respective median
survivals of approximately 11 and 2 years, whereas median
survivals of patients in the 2 intermediate-risk disease categories
were 8 and 4 years. This new prognostic model had higher
discriminating power than that seen with previous scoring
systems and showed high replicability and predictive accuracy.
Of note, the 2 intermediate-risk groups showed no overlapping
in the survival curves and also a different influence on relative
survival. Indeed, in patients in the intermediate risk-1 group, the
shortening in relative survival was observed only after 3 years of
diagnosis, while in the intermediate risk-2 group, such an effect
was evident since time of presentation, supporting the consider-
ation of 2 instead of 1 intermediate-risk groups. Also of note,
cytogenetic findings had additional prognostic value in these
intermediate-risk group patients only.

The new PMF prognostic system has considerable practical
implications. For example, for low-risk patients, who have an
expected median survival that exceeds 11 years, the risk treatment-
related mortality and morbidity from allo-SCT or the possible
toxicity of new investigational drug therapy might not be justified.
On the other hand, it is reasonable to recommend investigational
drug therapy for all other patients and allo-SCT for high- or
intermediate risk-2 patients. Obviously, such recommendations as
well as our proposed prognostic system are open to change based
on additional new information.
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