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A B S T R A C T

Purpose
The clinical course of polycythemia vera is often complicated by thrombosis as well as by the

possible transition to myeloid metaplasia with myelofibrosis or acute myeloid leukemia. The
aim of this study was to assess the rate of these complications in subjects receiving
currently recommended treatments.

Patients and Methods

Overall, 1,638 patients from 12 countries were enrolled onto a large, prospective multicenter
project aimed at describing the clinical history of polycythemia vera for the following
outcomes: survival, the cumulative rate of cardiovascular death and thrombosis, the
cumulative rate of leukemia, myelodysplasia, and myelofibrosis. The mean duration of the
disease at entry and the duration of the follow-up were 4.9 and 2.7 years, respectively.

Results

The overall mortality rate of 3.7 deaths per 100 persons per year resulted from a moderate
risk of cardiovascular death and a high risk of death from noncardiovascular causes (mainly
hematologic transformations). Age older than 65 years and a positive history of thrombosis
were the most important predictors of cardiovascular events. Antiplatelet therapy, but not
cytoreductive treatment, was significantly associated with a lower risk of cardiovascular
events. We found a consistent association between age and risk of leukemia, and between
duration of the disease with risk of myelofibrosis.

Conclusion

The European Collaboration on Low-Dose Aspirin in Polycythemia Vera study documents
that large international collaborative studies are feasible in this field, in which few epidemi-
ologic data are available. The persistently high mortality rate from hematologic malignancies
characterizes the unmet therapeutic need of polycythemic patients and suggests a priority
for future studies in this disease.

J Clin Oncol 23:2224-2232. © 2005 by American Society of Clinical Oncology

the number of thrombotic complications
and have substantially improved survival.

Polycythemia vera (PV) is a chronic myelo-
proliferative disorder marked by a predispo-
sition to arterial and venous thrombosis,
myeloid metaplasia with myelofibrosis, and
acute myeloid leukemia."? Early studies in
untreated patients found a high thrombosis
incidence and a median survival of 18
months.” Phlebotomy and cytoreductive
treatment by chemotherapy have reduced

However, clinical studies have not provided
adequate information for identifying an op-
timal treatment strategy for these patients.
The Polycythemia Vera Study Group
(PVSG) 01 trial found the use of chloram-
bucil and, to a lesser extent, 2P, to be asso-
ciated with a high leukemogenic risk, while,
on the other hand, phlebotomy was less pro-
tective against thrombosis.* Hydroxyurea,
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alone or in association with phlebotomy, has never been tested
in trials of adequate size and duration. Although the long-term
safety of hydroxyurea has been questioned by some reports,™®
its use increased during the last two decades and is currently
the most used chemotherapic agent.” More generally, while
important progress has been made in the understanding of the
basic biologic characteristics of the disease, resulting in inno-
vative diagnostic criteria for PV,"** relatively little effort has
been made in evaluating existing or new treatment options and
in describing the clinical epidemiology and the mid- to long-
term prognosis of this disease.

A cohort of 1,638 PV patients, who were screened for
inclusion in the European Collaboration on Low-Dose As-
pirin in Polycythemia Vera (ECLAP) trial, was monitored
prospectively to provide the profile of the disease as it is
determined by the current clinical practice of a sample of
specialized clinical centers across several European coun-
tries and to characterize the presently unmet therapeutic
need of polycythemic patients.® "2

Study Design

To assure a representative sample of the spectrum of the
disease burden of the participating centers,'® all patients with new
and old diagnoses of PV (made according to the criteria estab-
lished by the PVSG' or by Pearson et al®) were included in a
prospective study with no exclusion criteria with respect to age,
therapy, or duration of disease. Treatment strategies had to com-
ply with the recommendation of maintaining the hematocrit value
at less than 0.45 and the platelet count at less than 400 X 10°/L.
Data regarding clinical outcomes, treatments, and laboratory val-
ues during the prospective follow-up were recorded at follow-up
visits at 12, 24, 36, 48, and 60 months.

The study protocol conformed to good clinical practices and
to the Declaration of Helsinki on medical research in humans.

At the time of study closure, the mean (* standard deviation)
follow-up was 2.7 = 1.3 years (4,393 person-years; maximum follow-
up, 5.3 years).

Definition of Outcome Events

We examined survival, the cumulative rate of cardiovascular
(CV) death and arterial and venous thrombosis, non-CV deaths, and
the cumulative rate of hematologic transformation (leukemia, myel-
odysplasia, and myelofibrosis). The category of CV death included:
documented diagnosis of myocardial infarction or stroke in the ab-
sence of any other evident cause, sudden death, death from heart
failure, and all deaths classified as being CV in nature. Myocardial
infarction was defined as at least two of the following: chest pain of
typical intensity and duration; ST segment elevation or depression of
1 mm or more in any limb lead of the ECG, of 2 mm or more in any
precordial lead, or both; or at least a doubling in cardiac enzymes.
Diagnosis of stroke required unequivocal signs or symptoms of a
neurologic deficit, with sudden onset and duration of more than 24
hours. Diagnosis had to be confirmed by computed tomography,
magnetic resonance imaging, or other objective means, or by autopsy.
A transient ischemic attack was defined as the abrupt onset of unilat-
eral motor or sensory disturbance, speech defect, homonymous
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hemianopsia, constructional apraxia, or transient monocular blind-
ness that resolved completely in less than 24 hours. Pulmonary em-
bolism was defined by a positive pulmonary angiogram, a high-
probability ventilation-perfusion scan, or evidence of pulmonary
embolism at necropsy. Deep vein thrombosis (DVT) was defined as a
typical clinical picture with positive instrumental investigation (phle-
bography, ultrasonography, impedance plethysmography, and com-
puted tomography at unusual sites). In the case of a suspected
recurrence in a site of previous DVT, the diagnosis could be accepted
if the instrumental test showed extension or recurrence of thrombosis
as compared with previous testing.

Diagnosis and classification of leukemia and myelodysplasia
were established using the French-American-British (FAB) Coop-
erative Group criteria.'>'* Myelofibrosis was defined as the devel-
opment of a leukoerythroblastic blood picture, in the presence of
splenomegaly, corroborated with a bone marrow biopsy showing
diffuse bone marrow fibrosis.

The validation of causes of death, and thrombotic and hem-
orrhagic events was ensured by an ad hoc committee of expert
clinicians. Each event was validated independently by two evalua-
tors, and disagreement between the evaluators was assessed by the
chairperson of the study. Events included in composite outcome
measures were managed hierarchically (ie, we first looked at infor-
mation on vital status, and if the patient was alive at the end of the
study, we assessed whether a nonfatal event had occurred).

Statistical Methods

Survival and event-free survival were evaluated by fitting
various Cox’s regression models adjusted for the confounding
effect of the following potential confounders: (1) baseline charac-
teristics: age, sex, time from diagnosis to enrollment, previous
arterial or venous thrombotic event, and previous bleeding epi-
sode; (2) indicators of risk factors and CV morbidity: left ventric-
ular dysfunction (New York Heart Association class), angina
pectoris (Canadian Angina Classification class), previous revascu-
larization procedure (angioplasty or coronary artery bypass graft),
smoking habits, history of diabetes mellitus, arterial hypertension,
and total blood cholesterol; (3) hematologic parameters at 12
months: packed cell volume (PCV), and platelet and leukocyte
count; (4) type of cytoreductive treatment at baseline: venesection,
32p, hydroxyurea, busulfan, chlorambucil, pipobroman, and in-
terferon; and (5) antiplatelet or anticoagulant treatment.

Differences in proportions were ascertained by x” tests. Survival
and event-free survival were compared by Kaplan-Meier cumulative
incidence plots. All P values are two-sided. All analyses were done
using the SAS statistical package (SAS Institute Inc, Cary, NC).

Clinical Characteristics at Baseline

The study involved 94 hematologic centers from 12
countries that recruited 1,638 polycythemic patients. Ap-
proximately one third of these patients who had no clear
indication or contraindication to aspirin treatment were
entered onto a placebo-controlled randomized trial to as-
sess the efficacy and safety of low-dose aspirin.®

The characteristics of the cohort recruited is presented
in detail in Table 1 and reflects well the mix of epidemio-
logic and clinical features that are found in the routine
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Table 1. Baseline Characteristics in 1,638 Patients With
Polycythemia Vera
Patients
No. %
Demographics
Age at recruitment, years
Mean 65.4
SD 12.7
Males 942 57.5
Body mass index, kg/m?
Mean 25.4
SD 3.7
Age at diagnosis, years
Mean 60.4
SD 13.2
Years from diagnosis to enrollment
0-2 581 35.5
35 434 26.5
6-10 387 23.6
> 10 236 14.4
Prior cardiovascular events
Prior thrombosis 633 38.6
Prior arterial thrombosis 470 28.7
AMI 146 8.9
Stroke 145 8.9
TIA 169 10.3
Peripheral 90 5.5
Prior venous thrombosis 225 13.7
Deep vein thrombosis 134 8.2
Pulmonary embolism 39 2.4
Superficial thrombophlebitis 100 6.1
Erythromelalgia 86 5.3
Intermittent claudication 77 4.7
Prior bleeding 133 8.1
Packed cell volume (L/L)
Mean 0.47
SD 0.06
Packed cell volume (L/L)
=045 556 38.9
46-50 530 37.0
> 50 345 241
Platelet count (X 10%/L)
Mean 398
SD 208
WBC count (X 10%/L)
Mean 10.9
SD 8.6
Cardiovascular risk factors
Hypertension 647 EONS
High blood cholesterol 58 3.5
Diabetes mellitus 116 7.1
Current smokers 209 12.8
Congestive heart failure 129 7.9
Angina pectoris 119 7.3
Myocardial revascularization procedures 40 24
Antiplatelet drugs 955 58.3
Anticoagulants 110 6.7
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Table 1. Baseline Characteristics in 1,638 Patients With
Polycythemia Vera (continued)
Patients
No. %
Cytoreductive treatments
Phlebotomy 1,040 63.5
Any cytoreductive drug 1,009 61.6
Hydroxyurea 793 48.4
Pipobroman 106 6.5
Interferon 64 3.9
Busulphan 61 3.7
p32 44 2.7
Chlorambucil 5 0.3
Cardiovascular drugs
ACE-inhibitors 315 19.2
Calcium antagonists 288 17.6
Diuretics 230 14.0
Beta-blockers 197 12.0
Nitrates 110 6.7
Digitalis 81 5.0
Cholesterol-lowering drugs 46 2.8
Abbreviations: SD, standard deviation; AMI, acute myocardial infarction;
TIA, transient ischemic attack; ACE, angiotensin converting enzyme.

practice of care of PV. Against a mean age at recruitment of
65 years, the duration and the history of the disease before
recruitment in the study and the start of the prospective
follow-up were varied: up to 38% of the cases were diag-
nosed more than 5 years before inclusion in the study, and
633 patients (38.6%) had a positive history of thrombotic
events. Arterial and venous thrombosis accounted for about
three quarters and one quarter of previous thromboses,
respectively. Ischemic stroke and transient ischemic attacks
accounted for two thirds of arterial thromboses, while DVT
and superficial phlebitis represented approximately 60%
and 40% of vein thromboses. The temporal association of
these thromboses with diagnosis of PV is shown in Figure 1.
A positive history of bleeding was present in 8.1% of pa-
tients (gastrointestinal, 4.1%; intracranial, 0.7%; minor
bleeding, 3.3%). The most prevalent CV risk factors were
arterial hypertension (39.5%) and cigarette smoking
(12.8%), while hypercholesterolemia was diagnosed in only
3.5% of subjects.

The proportion of patients within the target recom-
mended value of hematocrit = 0.45 L/L at baseline was
approximately 40% (38.9% overall, 43.5% after excluding
patients with diagnosis of PV in the year before recruitment
to avoid the influence of pretreatment values). Correspond-
ingly, at 12 months, considering this value as an indicator of
the control of the disease during the course of the study,
47.9% of patients were maintained at the target PCV of less
than 0.45 L/L, while 39.2% and 12.9% had values between
0.45 L/L and 0.50 L/L, and greater than 0.50 L/L, respec-
tively. Platelet count was 398 X 10°/L at baseline, and 36.5%
of patients had levels higher than 400 X 10°/L at 12 months.

JOURNAL OF CLINICAL ONCOLOGY
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Fig 1. Temporal association of all throm-
botic events registered in the entire cohort
(prior thromboses and events at follow-up)
with the time of diagnosis of polycythemia
vera (PV).
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At the time of recruitment, 28.4% of patients were man-
aged by phlebotomy alone; 26.5%, by chemotherapeutic
agents alone; and 35.1%, by phlebotomy plus chemotherapeu-
tic agents. Antiplatelet therapy was being administered to 58%
of PV patients. Among patients treated with cytoreductive
drugs, hydroxyurea was by far the agent most frequently
prescribed (Table 1).

The five national networks that recruited the most
patients in the study were located in Italy (64%), Sweden
(12%), Austria (8%), Spain (4%), and Israel (4%). A certain
degree of variability in clinical characteristics was observed
across countries (eg, lower age at recruitment in Italy and
Austria, and a positive history of thrombosis was more
frequent among Austrian patients). A large variability in
treatment practices was apparent across the five countries.
For instance, in Israel, 74.6% of patients were prescribed
hydroxyurea, almost as the only cytoreductive drug, and
only 47.5% were venesected, as compared with Austria,
where the opposite approach was preferred, with 77.4% of
patients using phlebotomy; 18.1%, interferon; and only
33.8%, hydroxyurea. As to control of the disease, the rec-
ommended PCV value of less than 0.45 L/L was recorded at
baseline in 34.9% and 59.3% of patients from Italy and
Sweden, respectively. Patients with PCV greater than 0.50
L/L at baseline varied from 9% in Austria to 43% in Spain.

Analysis of Survival

Table 2 provides the comprehensive descriptive profile
of the outcomes of the study cohort throughout the 4,390
person-years of prospective observations (median, 2.8
years; 25th percentile, 1.9 years; 75th percentile, 3.8 years).
A total of 164 deaths (10%) were recorded for an overall
mortality rate of 3.7 deaths per 100 persons per year, with
no major overall differences between men and women (the
lower mortality rate of men in the younger than 65 years age
group [1.7 v 2.3 per 100 persons per year] was paralleled by
a lower rate for women in the older age group [6.1 v 7.3 per
100 persons per year]).

Wwww.jco.org

The incidence rates of CV and non-CV mortality were
1.7 and 1.8 deaths per 100 persons per year, respectively. CV
mortality accounted for 45% of all deaths, while hemato-
logic transformation and solid tumors were the cause of
death in 13% and 19.5% of fatal cases, respectively.

Table 3 shows the results of the multivariate analysis
adjusted for a number of potential confounders. Age older
than 65 years (hazard ratio, 14.26; 95% CI, 4.48 to 45.33;
P < .0001) and positive history of thrombotic events
(hazard ratio, 1.93; 95% CI, 1.36 to 2.74; P = .0003), but
not disease duration longer than 2 years (hazard ratio,
1.09; 95% CI, 0.74 to 1.60; P = .6544), were significantly
associated with mortality.

Analysis of CV Event-Free Survival

The cumulative rate of CV events (CV death and non-
fatal thrombotic events) was 5.5 events per 100 persons per
year. As for nonfatal CV events, patients had similar rates of
arterial and venous thrombotic events. The incidence of
myocardial infarction was lower (0.3 events per 100 persons
per year) than that of stroke (0.5 events per 100 persons per
year). The cumulative rate of total thrombotic cerebrovas-
cular events was remarkably high (1.4 events per 100 per-
SOns per year).

The results of the multivariate analysis adjusted for a
number of potential confounders confirmed that age and
history of thrombosis were the two most important prog-
nostic indicators of CV events (Table 3). Thrombotic events
before recruitment, regardless their occurrence before, at,
or after the diagnosis of PV, were found to be a strong
predictive factor for new thrombotic events during follow-
up. Based on age and history of thrombosis, we could iden-
tify three groups at different risk of CV events, ranging from
2.5 (age < 65 years and no prior thrombosis) to 10.9 events
per 100 persons per year (age = 65 years and prior throm-
bosis). Patients younger than 65 years with positive his-
tory of thrombosis and those = 65 years without prior
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Table 2. Main Outcome Events During Follow-Up in 1,638 Patients
With Polycythemia Vera
Patients
No. %
All causes of mortality 164 10.0
Cardiovascular death 74 45
Cardiac death 43 2.6
Coronary heart disease 25 1.5
Congestive heart failure 13 0.8
Other cardiac disease 5 0.3
Vascular death 31 1.9
Nonhemorrhagic stroke 13 0.8
Pulmonary embolism 6 0.4
Intracranial hemorrhage 2 0.1
Other hemorrhage 5 0.3
Other vascular death 5 0.3
Noncardiovascular death 79 4.8
Cancer 54 3.3
Hematologic transformation™ 22 1.3
Solid tumorsT 32 2.0
Other noncardiovascular causes 25 1.5
Unknown cause of death 11 0.7
Fatal + nonfatal cardiovascular events 226 13.8
Nonfatal thrombotic events 169 10.3
Arterial thrombosis 87 5.3
Myocardial infarction 14 0.9
Stroke 23 1.4
Transient ischemic attack 33 2.0
Peripheral arterial thrombosis 20 1.2
Venous thrombosis 88 5.4
Deep vein thrombosis 38 2.3
Pulmonary embolism 13 0.8
Superficial thrombophlebitis 46 2.8
Hematological transformation and cancer 130 7.9
Hematologic transformation 57 &5
Acute leukemia 21 1.3
Myelodysplasia 1 0.1
Myelofibrosis 38 2.3
Other hematologic malignancy 8 0.2
Myeloma 1 0.1
Lymphoma 2 0.1
Solid tumors 71 43
NOTE. Patients with two or more events of different types can appear
more than once in columns but only once in rows.
*Twenty-one cases of acute leukemia and one myelofibrosis.
tOne case of myeloma.

thrombosis had similar, intermediate rates of CV events
(4.9 and 5.0 events per 100 persons per year; Fig 2).

Antiplatelet therapy was significantly associated with a
lower risk of CV events (hazard ratio, 0.72; 95% CI, 0.53 to
0.97; P = .0315), while no clear association was found
between CV events and phlebotomy or pharmacologic cy-
toreductive treatments (Table 3).

The rates of total and major bleeding were 2.9 and 0.8
events per 100 persons per year, respectively. Age, disease
duration, and history of bleeding, but not antiplatelet treat-
ment at baseline, were associated with the risk of total

2228

bleeding during follow-up. Only the history of previous
bleeding was correlated with subsequent major bleeding
(data not shown).

Analysis of Hematologic Transformation
and Malignancy

The rates of total malignancy, hematologic transfor-
mation, and non—PV-related cancers were 3.0, 1.3, and 1.7
per 100 persons per year, respectively.

The results of the multivariate analyses showed differ-
ent prognostic indicators for myelofibrosis and leukemia
(Table 4). A long disease duration predicted the risk of
developing myelofibrosis (for disease duration > 10 years:
hazard ratio, 15.24; 95% CI, 4.22 to 55.06; P < .0001). For
leukemia, although patients with long disease duration had
a higher crude incidence rate (0.34 v 1.1 per 100 persons per
year for patients with disease durations of < 5 years and
> 10 years, respectively), when adjusting for all the poten-
tial confounders in the multivariate analysis, disease dura-
tion did not reach statistical significance. On the other side,
age and some treatments seem to be stronger independent
risk factors. Age = 70 years was significantly associated with
an increased risk of leukemia (hazard ratio, 4.99; 95% CI,
1.19 to 21.04; P = .0283), as was the use of cytoreduc-
tive drugs other than hydroxyurea and interferon at re-
cruitment (hazard ratio, 10.99; 95% CI, 2.85 to 42.33;
P =.0005). Acute leukemia constituted 8.2% and 34.5% of
deaths among patients receiving hydroxyurea as the only
cytoreductive agent and any other drug (excluding inter-
feron alone), respectively.

As a large prospective cohort recruited and followed up in a
qualified network of hematologic centers with the same
criteria of a clinical trial, the ECLAP study provides an
accurate description of the current clinical course of PV.
Moreover, it demonstrates that large international collabo-
rative studies are feasible in the field of rare diseases.

Few epidemiologic studies have been conducted in re-
cent years to evaluate at which extent current therapeutic
strategies influence the prognosis of the disease. According
to the data obtained from such studies, the prognosis of PV
patients is much better than that reported in the first de-
scriptions of the disorder, when the median survival was
less than 4 years in patients treated with nonaggressive
venesection’ or after the introduction of P** as the main
treatment of the disease,'® but substantially stable sur-
vival has been achieved in the last 20 years after the
introduction of the nonalkylating agents.'"'*"'®

The overall mortality rate in our study was 3.7 deaths
per 100 persons per year, and the age- and sex-standardized
comparison of PV patients recruited in Italy with the Italian
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Table 3. Major Prognostic Indicators of Death and Cardiovascular Events in 1,638 Patients With Polycythemia Vera
All Causes of Death Cardiovascular Events
Relative Risk 95% ClI Relative Risk 95% Cl

Age at recruitment, years

<55 1.00 1.00

55-65 4.28 1.25t0 14.64 1.43 0.83 t0 2.46

66-75 11.07 3.44 10 35.64 2.08 1.25t03.45

> 75 21.20 6.56 to 68.55 2.90 1.71t04.89
Disease duration, years

0-2 1.00 1.00

3-4 1.06 0.64t01.74 1.25 0.85t0 1.84

5-6 1.23 0.75t02.00 1.34 0.90 t0 2.01

6-10 1.03 0.62to 1.69 1.20 0.80t0 1.78

> 10 1.21 0.72t02.04 0.84 0.531t01.34
Previous thrombosis 1.93 1.36t02.74 2.09 1.551t02.81
Phlebotomy 0.75 0.531t0 1.04 0.89 0.671t01.18
Antiplatelet therapy 0.77 0.54t0 1.11 0.72 0.53 10 0.97
No cytoreductive drugs, or interferon alone 1.00 1.00
Hydroxyurea alone 0.95 0.66 to 1.37 1.04 0.77to 1.41
Other cytoreductive drugs 1.26 0.791t02.00 1.01 0.67 to 1.63

mortality rates in the year 2000 allowed us to calculate that
the rates of total mortality and mortality from CV disease
and leukemia of PV patients were 1.2, 1.4, and 36.1 times
higher than those expected in the general population. These
data support a representation of PV as a disease with an
increased mortality, with an intermediate risk profile for
CV deaths (< 65 and = 65 years of age: 0.4 and 2.7 CV
deaths per 100 persons per year, respectively), and with a
significant contribution of acute leukemia to overall death.

T . No prior thrombosis
No prior thrombosis'-, _ Age < 65 years

0.90 L\_L\"x " Age = 65 years AT

Prior thrombosis

Probability
o o
~ o]
o S

Age < 65 years
N
0.70 - 1 Prior thrombosis
Age = 65 years
0.65
0.60
0.55

T T T T T T T T T )
0 180 360 540 720 900 1,080 1,260 1,440 1,620 1,800
Cardiovascular Event-Free Survival (days)

Patients at risk (events)
1638 (40) 1487 (46) 1412 (30) 1280 (37) 1118 (24) 855 (21) 649 (14) 455 (7) 247 (5) 85 (1) 21

Fig 2. Cardiovascular event-free survival of 1,638 patients with polycythe-
mia vera according to age and history of thrombosis. Age < 65 years without
prior thrombosis: 2.5 events/100 persons/year; age = 65 years without prior
thrombosis: 4.9 events/100 persons/year (hazard ratio [HR], 1.96; 95% ClI,
1.29 to 2.97, P = .0017); age < 65 years with prior thrombosis: 5.0
events/100 persons/year (HR, 2.00; 95% Cl, 1.22 to 3.29; P = .0061); age
= 65 years with prior thrombosis: 10.9 events/100 persons/year (HR, 4.35;
95% Cl, 2.95 to 6.41; P < .0001).
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Age older than 65 years and a previous history of
thrombosis were the two most important prognostic fac-
tors and allowed identification of three groups of PV
patients at progressively increasing risk of CV events, as
depicted in Figure 2.

Antiplatelet drugs, anticoagulants, phlebotomy, and
pharmacologic cytoreduction were used in 58%, 6.7%,
64%, and 62% of patients, respectively. In patients receiving
antiplatelet treatment, there was a 32% lower rate of CV
events. This observation in a cohort that included almost
40% of patients with prior history of thrombosis (Table 3) is
highly consistent with the finding of the protective effects of
aspirin in lower-risk patients randomly assigned to aspirin
or placebo in the trial component of ECLAP® and provides
further support to the indication of aspirin as an effective
antithrombotic agent in this disease.'>*

On the other side, subjects with PV are patients at high
risk of thrombosis, irrespective to the presence of the clas-
sical CV risk factors. Therefore, in this cohort, the high
prevalence of these risk factors such as hypertension (40%)
and cigarette smoking (13%) calls for increased attention of
physicians to seriously consider as a supplement to pharma-
cologic treatment, the control of the classical CV comor-
bidities in these patients.

Clear and consistent associations of age with the risk of
leukemia and of disease duration with the risk of myelofi-
brosis were observed. There was a higher incidence of
leukemia in the heterogeneous subgroup of patients ex-
posed to pharmacologic cytoreductive treatments other
than hydroxyurea and interferon. This finding needs to be
interpreted with caution, inasmuch as observational stud-
ies cannot provide unequivocal interpretation of the
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Table 4. Multivariate Analysis of Prognostic Indicators of Leukemia/Myelodysplasia, and Myelofibrosis in 1,638 Patients With Polycythemia Vera
Leukemia/Myelodysplasia Myelofibrosis
Relative Risk 95% Cl Relative Risk 95% Cl

Age at recruitment, years

< 60 1.00 1.00

60-70 1.32 0.25t06.97 1.98 0.82t04.79

> 70 4.99 1.19t0 21.04 0.73 0.27 t0 2.03
Disease duration, years

0-2 1.00 1.00

3-4 0.26 0.03 t0 2.48 2.87 0.67t012.24

5-6 1.05 0.23t04.75 2.22 0.43t011.42

6-10 1.26 0.27t05.78 5.74 1.51t021.77

>10 1.79 0.44t07.34 15.24 4.22 t0 55.06
Phlebotomy 1.33 0.4810 3.68 1.51 0.72t03.15
No cytoreductive drugs, or interferon alone 1.00 1.00
Hydroxyurea alone 1.58 0.40t06.21 0.70 0.33t0 1.47
Other cytoreductive drugs 10.99 2.85t042.33 0.51 0.18t0 1.47

relationship between exposure to a particular treatment and
outcomes, because of the confounding effect of indication
bias.” The strong association between the duration of dis-
ease and long-term administration of cytoreductive ther-
apy, as well as the tendency to adopt a more aggressive
treatment in patients perceived to be at high risk, reflect the
so-called work-up bias, and therefore do not allow easy
discrimination between the risk of hematologic transfor-
mation due to the natural evolution of the disease, and that
due to aggressive long-term pharmacologic cytoreduction.
This problem was identified more than 50 years ago by
W. Dameshek when he wrote that “it is difficult to state
what the normal course of the disease would be without
the various therapeutic methods which undoubtedly
influence it.”*' The discrimination between the amount
of risk of hematologic transformation intrinsic to the
disease, and that due to the use of potentially leukemo-
genic cytoreductive drugs can be only obtained by large-
scale clinical trials.'?

The variability of the practices found in different coun-
tries confirms the results of a recent survey conducted by
the American Society of Hematology and reflects possibly
also the ongoing debate on the yield and the biologic back-
ground of a strict control of hematocrit values.”>** Inade-
quate hematocrit reduction, the fear of hematologic
transformation possibly associated with aggressive pharma-
cologic cytoreduction, and the lack of convincing evidence
on the benefit of strict hematocrit control, are all possible
explanations for such uncertainty.

While the results of the ECLAP trial® indicate that
aspirin is an effective and safe antithrombotic agent in
patients with PV, the main findings of the observational
study are (1) the unfavorable prognosis in terms of hema-
tologic malignancies, (2) the clinical importance of thera-
peutic needs that can be adequately met in terms of efficacy
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and safety with clinical trials, and (3) the feasibility of col-
laborative research in this disease.

L3 ]

Appendix

Principal ECLAP Investigators (recruiting 40 or more
patients in the study)

AUSTRIA Vienna—University of Vienna Depart-
ment of Hematology and Blood Coagulation (108 pa-
tients) H. Gisslinger.

ITALY Bergamo—Ospedali Riuniti (116 patients)
T. Barbui, G. Finazzi, S. Pusterla, A. Falanga, M. Gallj;
Bologna—Policlinico S. Orsola (40 patients) S. Tura, C.
Finelli, G. Marino; Monza Milano—QOspedale S. Gerardo
(76 patients) E. Pogliani, L.R. Miccolis, A. La Rocca;
Padova—~Universita di Padova, Dip. Scienze Mediche e
Chirurgiche (90 patients) M.L. Randi; Reggio Emilia—QOs-
pedale di Reggio Emilia (44 patients) L. Gugliotta, F. Ilari-
ucci; Venezia—Azienda Santaria Locale 12 Veneziana,
Ospedale S. Giovanni e Paolo (42 patients) T. Chisesi, A.
Polacco; Venezia-Mestre—QOspedale Umberto 1. (72 pa-
tients) T. Chisesi, G. Capnist.

SWEDEN Goteborg—Sahlgrenska Hospital (59 pa-
tients) J. Kutti, H. Wadenvik.

Other ECLAP Investigators

AUSTRIA Innsbruck—Univ. Klink f. Innere Medizin
(five patients) G. Gastl, Ch. Ludescher, M. Fiegl; Linz—
Krankenhause der Barherzigen (nine patients) D. Lutz, M.
Girschikfsky; Krankenhaus—der Barmherzigen Schwestern
(four patients) G. Michlmayr, E. Rechberger; Krankenhaus
Wr. Neustadt (seven patients) H. Niessner, E. Ivansich.

FRANCE Paris—Hopital Saint Louis (37 patients) J.D.
Rain, C. Chommienne-Thomas.

GERMANY Mannheim—Klinikum Der Stadt Mann-
heim (four patients) R. Hehlmann, G. Engelich. Ulm—
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Universitits-Kinderklinik Ulm (two patients) E. Kohne,
A. Kramer.

GREECE Thessaloniki—“Theagenion” Cancer Center
(10 patients) J.I. Christakis, M. Papaioannou, G. Gerotziafas;
“Papageorgiu” General Hospital (two patients) J. Korantzis, P.
Marinaki, A. Kioumi, I. Katodritou.

IRELAND Dublin—St Vincent’s Hospital (one pa-
tient) D. McCarhty; Beaumont Hospital (six patients)
R. O’Donnell.

ISRAEL Afula—Haemek Medical Center (three pa-
tients) M. Bennett; Ashkelon—Barzilai Medical Center
(seven patients) G. Lugassy; Kfar Saba—Meir Hospital
(20 patients) M. Ellis; Tel-Aviv—Tel-Aviv Souraski Medical
Center (29 patients) A. Eldort, E. Naparstek, R. Marilus.

ITALY Ancona—Ospedale Nuovo di Torrette (31 pa-
tients) P. Leoni, S. Rupoli, A. R. Scortechini, V. Agostini;
Avellino—QOspedale S. Giuseppe Moscati (12 patients) E.
Volpe, F. Palmieri, A. Volpe, G. Storti, A. Ciampa; Bari—
Universita degli Studi, Policlinico (18 patients) F.
Dammacco, V.M. Lauta, G. Ranieri, R. Rizzi; Brescia—
Spedali Civili di Brescia (24 patients) G. Rossi, C. Almici, A.
Capucci, F. Zanetti; Castrovillari CS—Ospedale Civile (two
patients) F. Laghi, G. Micciulli; Catania—Ospedale
Ferrarotto (33 patients) R. Giustolisi, R.R. Cacciola, E.
Cacciola; Catanzaro—Azienda Ospedaliera “Pugliese-
Ciaccio” (18 patients) A. Peta, D. Magro; Como—QOspedale
“Valduce” (21 patients) G. Frigerio, F. Alberio, A. Beretta;
Cuneo—Azienda Ospedaliera S. Croce e Carle (16 patients)
M. Bonferroni, Raviolo; Firenze—Policlinico di Careggi (29
patients) P.L. Rossi Ferrini, A. Grossi, A. Fabbri; Genova—
Universita degli studi, Clinica di Ematologia (nine patients)
M. Gobbi, L. Pierri, M. Cavaliere; Latina—QOspedale Civile
(30 patients) S. Nardelli, A. Centra; Messina—Policlinico
Universitario di Messina (13 patients) C. Musolino, G.
Bellomo, O. Tringali, G. Spatari; Milano—Azienda Osped-
aliera Ospedale S. Paolo (30 patients) P. Foa, G. Gerli, M.C.
Carraro; Policlinico Ospedale Maggiore (eight patients) A.
Zanella, A. Turlo, F. Barraco; Modena—Clinica Medica II,
Policlinico (eight patients) G. Torelli, M. Marietta; Monte-
belluna Treviso—OQOspedale di Montebelluna (11 patients)
A. Puglisi, G. Sardeo; Napoli—Facolta di Medicina Univer-
sita Federico II (31 patients) B. Rotoli, V. Martinelli, R.
Ciancia—Policlinico (two patients) A. Abbadessa, O.
Villani; Azienda Ospedaliera “A Cardarelli” (10 patients) R.
Cimino, A. Fasanaro; Parma—Cattedra di Ematologia,
Universita di Parma (10 patients) V. Rizzoli, C. Caramatti,
Gaeta; Pavia—IRCCS Policlinico San Matteo, Universita di
Pavia (20 patients) M. Lazzarino, F. Passamonti, M.
Lazzola, L. Malabarba; Pescara—OQOspedale Civile e Centro
Scienze dell’'Invecchiamento dell’Universita G.
D’Annunzio (36 patients) D. Natale, G. Davi, S. Pulini;
Roma—~Universita Cattolica del Sacro Cuore (eight pa-
tients) R. Landolfi, E. De Candia—Ospedale S. Eugenio,
Universita Tor Vergata (15 patients) S. Amadori, F.
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Buccisano; Universita la Sapienza (17 patients) F. Mandelli,
E. Montefusco, M.C. Petti, A. Spadea; S Giovanni Rotondo
Foggia—Ospedale Casa Sollievo Della Sofferenza (28 pa-
tients) M. Carotenutot, A. Morelli, M. Nobile; Sassari—
Universita di Sassari (nine patients) M. Longinotti, S.M.
Pardini; Siena—Ospedale di Siena (21 patients) F. Lauria,
A. Buccalossi, S. Gentili; Taranto—QOspedale Nord (six pa-
tients) P. Mazza, M. Cervellera, A. Maggi; Teramo—QOsped-
ale Civile G. Mazzini (one patient) A. Di Francesco, E.
Pasqualoni; Vicenza—Ospedale di Vicenza (31 patients) F.
Rodeghiero, M. Ruggeri; Udine—Policlinico Universitario
(five patients) M. Baccarani, D. Russo.

SPAIN Barakaldo (Vizcaya)—Hospital de Cruces (19
patients) B. Arrizabalaga; Barcelona—Hospital Santa Creu
Y San Pau (two patients) A. Remacha; Burgos—Hospital
General Yagiie (12 patients) B. Pérez De Mendiguren; La
Laguna (Santa Cruz de Tenerife)—Hospital Universitario
de Canarias (four patients) L. Herndndez-Nieto, M. T.
Hernandez-Garcia, G. Gonzalez-Brito, P. Machado; Ledn—
Hospital de Ledn (five patients) G. Garcia; Madrid—Hos-
pital Universitario S. Carlos (12 patients) A. Villegas, A.
Pefia, A. Gonzalez Ferndndez; Valencia—Hospital General
Universitario (two patients) F. Carbonell; Hospital Univer-
sitario DR. Peset (six patients) A. Del Arco.

SWEDEN Bords—Bords Hospital (15 patients) H.
Bick; Danderyd—Danderyd Hospital (one patient) L.
Stenke; Eksjo—Hoglands Hospital (two patients) S.
Hansen; Huddinge—Huddinge Hospital (three patients) J.
Samuelsson; Hudiksvall—Hudiksvall Hospital (five pa-
tients) L. Nezadal; Kristianstad—Kristianstad Hospital (15
patients) G. Larsson; Kungdlv—Kungilvs Hospital (three
patients) G. Stromblad; Luled—Luled Hospital (11 pa-
tients) B. Lauri; Motala—Motala Hospital (one patient)
B.O. Ryden. Norrkoping—Vrinnevi Hospital (two patients)
T. End; Orebro—QOrebro Medical Centre Hospital (11 pa-
tients) O. Linder; Ornskoldsvik—Ornskoldsvik Hospital
(seven patients) B.G. Lundholm; Siiffle—Siffle Hospital (10
patients) O. Lannemyr; Skovde—XK.S.S. Hospital (eight pa-
tients) J. Viirt; Sundsvall—Sundsvall Hospital (17 patients)
M. Strandberg; Uddevalla—Uddevalla Hospital (23 pa-
tients) B. Andréasson, D. Stockelberg; Virnamo—Vir-
namo Hospital (two patients) L. Engquist; Viisterds—
Visterds Hospital (six patients) F. Pasquariello.

SWITZERLAND Basel—Kantonsspital Basel (one pa-
tient) A. Tichelli; Oldenburg—(three patients) B. Otremba,
H.F. Hinrichs; Schweiz—(two patients) W. Weber-Stadelmann.

THE NETHERLANDS Heerlen—De Weverziekenhuis
(six patients) M.M.F. Fickers; Rotterdam—Goedhardt In-
stituut (16 patients) J.J. Michiels.

UNITED KINGDOM Belfast—Queens University
of Belfast, Royal Victoria Hospital (seven patients)
M.F. McMullin; Birmingham—City Hospital NHS Trust
(14 patients) D. Bareford; Bournemouth—The Royal
Bournemouth Hospital (eight patients) D.G. Oscier, N.
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Bowey; Cambridge—MRC Centre (six patients) T.A.R.
Green; London—St Thomas’ Hospital (14 patients) M.
Messinezy; South Yorks—District General Hospital (two
patients) P.C. Taylor.

Steering Committee: R. Landolfi (chairman, Univer-
sita Cattolica del Sacro Cuore, Roma), T. Barbui (Ospedali
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Sacro Cuore, Campobasso), R. Marchioli (Consorzio
Mario Negri Sud, Santa Maria Imbaro), Y. Najean (Hospital
S Luis, Paris), C. Patrono (Universita di Roma “La Sapi-
enza”, Roma), T.C. Pearson (London).

Scientific and Organizing Secretariat: R. Marchioli (co-
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H. Gisslinger, E. Mari, D. Tamayo, G. Tognoni.

Data Management and Analysis: G. Borrelli, B. Ferri,
R.M. Marfisi, M. Olivieri, A. Polidoro, R. Spoltore.

Safety and Data Monitoring Committee: E. Correale
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Writing Committee: R. Marchioli, G. Finazzi, R.
Landolfi, J. Kutti, H. Gisslinger, C. Patrono, R. Marilus, A.
Villegas, G. Tognoni, T. Barbui.

Authors’ Disclosures of Potential
Conflicts of Interest

The following authors or their immediate family mem-
bers have indicated a financial interest. No conflict exists for
drugs or devices used in a study if they are not being evalu-
ated as part of the investigation. Research Funding: Raffaele
Landolfi, Aventis, Bayer. For a detailed description of
this category, or for more information about ASCO’s
conflict of interest policy, please refer to the Author
Disclosure Declaration and Disclosures of Potential
Conflicts of Interest found in Information for Contribu-

(chairman), J. Vermjlen, R. Collins.

1. Wasserman LR, Berk PD, Berlin NI: Poly-
cythemia vera and the myeloproliferative disor-
ders. Philadelphia, PA, W.B. Saunders, 1995

2. Spivak JL: Polycythemia vera: Myths,
mechanisms, and management. Blood 100:
4272-4290, 2002

3. Chievitz E, Thiede T: Complications and
causes of death in polycythemia vera. Acta Med
Scand 172:513-523, 1962

4. Berk PD, Goldberg JD, Silverstein MN, et
al: Increased incidence of acute leukemia in
polycythemia vera associated with chlorambucil
therapy. N Engl J Med 304:441-447, 1981

5. Pearson TC, Messinezy M, Westwood N,
et al: A polycythemia vera update: Diagnosis,
pathobiology, and treatment, in Schechter GP,
Berlinen N, Telen MJ (eds): Hematology 2000
American Society of Hematology Education Pro-
gram Book. Washington, DC, American Society
of Hematology, 2000, pp 51-68

6. Berk PD, Goldberg JD, Donovan PB, et al:
Therapeutic recommendations in polycythemia
vera based in Polycythemia Vera Study Group
Protocols. Semin Hematol 23:132-143, 1986

1. Gilbert HS: Historical perspective on the
treatment of essential thrombocythemia and
polycythemia vera. Semin Hematol 36:19-22,
1999

2232

tors in the front of each issue.

8. Landolfi R, Marchioli R, Kutti J, et al:
Efficacy and Safety of low-dose aspirin in poly-
cythemia vera: Results of the European Collabo-
ration on Low-dose Aspirin in Polycythemia Vera
(ECLAP) trial. N Engl J Med 350, 114-124, 2004

9. Gruppo ltaliano Studio Policitemia: Low-
dose aspirin in polycythemia vera: A pilot study.
Br J Haematol 97:453-456, 1997

10. Landolfi R, Marchioli R: European Collabo-
ration on Low-dose Aspirin in Polycythemia vera
(ECLAP): A randomized trial. Semin Thromb He-
most 23:473-478, 1997

11. Gruppo ltaliano Studio Policitemia: Polycy-
themia vera: The natural history of 1213 patients
followed for 20 years. Ann Intern Med 123:656-
664, 1995

12. Marchioli R, Barbui T, Landolfi R, et al:
Feasibility of randomised clinical trials in rare
diseases: The case of polycythemia vera. Leuk
Lymphoma 22:121-127, 1996

13. Bennett JM, Catovsky D, Daniel MT, et al:
Proposed revised criteria for the classification of
acute myeloid leukemia: A report of the French-
American-British Cooperative Group. Ann Intern
Med 103:620-625, 1985

14. Bennett JM, Catovsky D, Daniel MT, et al:
Proposal for the classification of myelodysplastic
syndromes. Br J Haematol 51:189-199, 1982

15. Berlin N, Berlin NI: Polycythemia vera.
Hematol Oncol Clin North Am 17:1191-1210,
2003

16. Rozman C, Giralt M, Feliu E, et al: Life
expectancy of patients with chronic nonleukemic
myeloproliferative disorders. Cancer 67:2658-
2663, 1991

17. Brodmann S, Passweg JR, Gratwohl A, et
al: Myeloproliferative disorders: Complications,
survival and causes of death. Ann Hematol 79:
312-318, 2000

18. Passamonti F, Malabarba L, Orlandi E, et
al: Polycythemia vera in young patients: A study
on the long-term risk of thrombosis, myelofibro-
sis and leukemia. Haematologica 88:13-18, 2003

19. Landolfi R, Marchioli R, Patrono C: Mech-
anisms of bleeding and thrombosis in myelopro-
liferative disorders. Thromb Hemost 78:617-621,
1997

20. Pearson T, Whetherley-Mein G: Vascular
occlusive episodes and venous hematocrit in
primary proliferative polycythemia vera. Lancet
2:1219-1223, 1978

21. Dameshek W: Physiopathology and
course of polycythemia vera as related to ther-
apy. JAMA 142:790-797, 1950

22. Streiff MB, Smith B, Spivak JL: The diag-
nosis and management of polycythemia vera in
the era since the Polycythemia Vera Study
Group. Blood 99:1144-1149, 2002

23. Prchal JT: Elevated hematocrit, risk of
thrombosis, and polycythemia vera. Blood 101:
4229, 2003

JOURNAL OF CLINICAL ONCOLOGY

Downloaded from jco.ascopubs.org on May 14, 2008 . For personal use only. No other uses without permission.
Copyright © 2005 by the American Society of Clinical Oncology. All rights reserved.



