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The fundamental discovery of
V617F and other mutations in the
JAK2 gene of most patients with
Philadelphia-negative chronic
myelo-proliferative neoplasms
(MPNs) has changed the diagnos-
tic approach to these disorders and
opened the way to a molecularly-
targeted therapy.1-6 A new genera-
tion of drugs with more or less spe-
cific inhibitory activity against
JAK2 has been developed and it is
now in advanced stages of clinical
evaluation.7 As a rule, the efficacy
and safety of a new therapeutic
agent in a given disease should be
compared with the best available
treatment in randomized phase III
clinical trials. In the most frequent
MPNs, that are essential thrombo-
cythemia (ET) and polycythemia
vera (PV), the standard myelosup-
pressive therapy for patients with a
high risk of thrombosis is hydrox-
yurea (HU). This drug is also the
first choice for patients with
myelofibrosis (MF) and sympto-
matic splenomegaly or requiring
cytoreduction. The purpose of this
chapter is to review the expected
benefits and risks of HU in patients
with MPNs in order to establish
the bottom line for comparative
studies with new drugs.

Chemistry and mechanism of
action

HU (CH4N2O2, Figure 1) is
FDA-approved as an anti-neo-

plastic agent in treatment of
MPNs and other cancers, such as
melanoma, and also for reducing
the frequency of painful crises
and the need for blood transfu-
sions in patients with sickle cell
anemia (SCA). HU is not recom-
mended for use during pregnancy,
although occasional cases of HU
therapy during pregnancy have
been reported.8 HU inhibits the
enzyme ribonucleotide reductase,
which catalyzes the conversion of
ribonucleotides to deoxyribonu-
cleotides.9 The depletion of
deoxyribonucleotide pools is not
complete but is sufficient to inhib-
it deoxyribonucleic acid (DNA)
synthesis, resulting in S-phase
cytotoxicity. The cytotoxic effects
are believed to be responsible for
the utility of HU in treating
MPNs. Other mechanisms by
which HU therapy may decrease
the incidence and severity of
thrombosis in ET and PV and of
vaso-occlusive crises in SCA
include increased nitric oxide pro-
duction resulting in vasodilatation
and reduced platelet aggregation,
and reduced neutrophil number
with consequent decreases in pro-
inflammatory mediators and
reduced expression of adhesion
molecules.10,11
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assessing HU therapy in ET patients at high
risk of thrombosis have been published in full
so far (Table 1).

The first was performed in Italy and evaluat-
ed HU vs. untreated controls: 114 ET patients
were randomized to HU (n=56) or no cytore-
ductive treatment (n=58).12 During a median
follow-up of 27 months, 2 thromboses (1
stroke and 1 myocardial infarction) were
recorded in the HU-treated group (1.6%/pt-yr)
compared with 14 in the control group (1
stroke, 5 transient ischemic attacks, 5 peripher-
al arterial occlusions, 1 deep vein thrombosis,
and 2 patients with superficial throm-
bophlebitis) (10.7%/pt-yr; p=0.003). This
study provided the basis for considering HU as
the standard therapy for high-risk ET patients
and the reference arm for other randomized tri-
als. In an extension of this study, the same
patients were followed for a median period of
73 months and 5 cases (9%) in the HU group

vs. 26 (45%) in the control group had vascular
complications (p<0.0001) confirming the
antithrombotic value of HU also on the long
period.13 However, no effect on overall sur-
vival was seen, since 85% of HU-treated
patients vs. 84% controls were alive.

The second trial, named Primary
Thrombocythaemia 1 (PT 1), was carried out
in UK and compared HU plus aspirin vs. ana-
grelide plus aspirin in 809 high-risk patients
with ET.14 Anagrelide is an inhibitor of

Figure 1. Structure of hydroxyurea.

Table 1. Randomized clinical trials with HU in ET and PV.

Study (Ref) Patients and follow-up Treatments and main results p

Cortelazzo et al.12 114 ET pts; 27 months (median) HU* No cytoreduction*
Thrombosis

2 14 0.003

Harrison et al.14 809 ET pts; 39 months (median) HU (+ASA) Anagrelide (+ ASA)
Arterial Thrombosis

17 37 0.004
Venous thrombosis

14 3 0.006
Major bleeding

8 22 0.008
Transformation to myelofibrosis

5 16 0.01
Death for any cause

27 31 n.s.

Najean et al.26 292 PV pts (age <65 yrs); 16 yrs (max) HU Pipobroman
14-year survival

70% 70% n.s.
Myelofibrosis

17% 2.1% 0.03
Acute leukemia

5%** 5%** n.s.

ASA=Aspirin; n.s.= not significant; *plus ASA in 70% of patients in both groups; **after 10 years of follow-up.



megakaryocyte differentiation and prolifera-
tion, so that it is able to reduce thrombocytosis
with minimal or no effect on erythrocyte and
leukocyte counts. Overall, patients randomized
to anagrelide and aspirin were more likely to
reach the composite primary end point of
major thrombosis (arterial or venous), major
hemorrhage or death from a vascular cause
(p=0.03). When individual endpoints were
assessed arterial thrombosis, major hemor-
rhage and myelofibrosis were all significantly
more frequent for patients treated with anagre-
lide (p=0.004, 0.008 and 0.01 respectively). Of
all categories of arterial thrombosis the differ-
ence was only significant for transient
ischemic attacks (14 vs. 1), but each were more
common in anagrelide treated patients.
However anagrelide and aspirin seems to offer
at least partial protection from thrombosis, as
the prevalence of thrombotic events (8%) was
significantly lower than the control arm of the
Italian study (28%), while the hydroxyurea
arms were approximately equivalent (4% in
two years). The success of hydroxyurea is like-
ly to reflect the importance of additional fac-
tors such as the hematocrit, leukocyte or neu-
trophil count, or subtle effects upon the
endothelium in the pathogenesis of thrombo-
sis. Intriguingly venous thrombosis was how-
ever less frequent in patients treated with ana-
grelide (p=0.006).

In both trials, the doses of HU (and anagre-
lide in PT1) were titrated to maintain the
platelet count below a predefined threshold,
that was 600.000/mmc in the Italian and
400.000/mmc in the UK study, respectively. In
the PT1 study, control of the platelet count was
similar in the two randomized arms by nine
months after trial and subsequently. At three
and six months after trial entry, platelet counts
in the anagrelide group were significantly
higher than those in the HU group (p<0.001 for
both time points). The median leukocyte count
in the HU group was significantly and persist-

ently lower than that in the anagrelide group
(p<0.001), starting at three months after trial
entry. Interestingly, patients enrolled in the PT-
1 who were JAK2 V617F-positive required
substantially lower doses of HU to reduce their
platelet count, leukocyte counts and hemoglo-
bin concentrations than did V617F-negative
patients.15 Furthermore, V617F-positive
patients showed particular benefit from HU
compared with anagrelide in the reduction of
arterial thrombosis.

Another randomized clinical trial comparing
HU and Anagrelide (ANAHYDRET study)
has been recently completed16 and it is report-
ed in detail elsewhere in this book.

Efficacy in polycythemia vera

The first group of investigators who studied
HU in the management of PV was the
Polycythemia Vera Study Group (PVSG). In a
paper summarizing their long-term experience,
the incidence of thrombosis in 51 patients
treated with HU was compared with the inci-
dence of thrombosis in 134 patients treated
only with phlebotomy in a previous PVSG trial
(01).17 Therapy with HU was aimed to reduce
hematocrit to less than 50%, with only mini-
mal and highly restricted use of supplemental
phlebotomy, and platelet  count to less than
600.000/mmc. HU was highly effective in
decreasing the risk of thrombosis during the
first few years of therapy, when the incidence
of thrombosis in phlebotomy treated patient is
highest. In an analysis conducted at 378 weeks
on study, thrombosis was reported in 32.8% of
PVSG protocol 01 patients treated with phle-
botomy, compared with only 9.8% of patients
in the HU group. In a further analysis conduct-
ed after 591 weeks (11.4 years) on study, the
incidence of thrombosis remained appreciably
less in patients given HU than in those treated
with phlebotomy alone (25.5% vs. 40.3 %).
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Based on these data, the PVSG produced
some recommendations for the use of HU in
PV patients. Phlebotomy was suggested in all
patients to keep the hematocrit below 0.45.
Stable patients at low risk for thrombosis
might not require additional therapy. In
patients at high risk of thrombosis or with a
very high phlebotomy requirement, the choice
of myelosuppressive agent was age-adapted.
Older patients could be managed with 32P,
busulfan, or pipobroman; whereas HU was
considered the agent of choice in younger
patients.18

The impact of the PVSG recommendations
on the management of PV patients has been
assessed in a large, prospective study in
Europe (European Collaboration on Low-dose
Aspirin in Polycythemia, ECLAP). Although
this cohort of patients was not specifically
enrolled for establishing the benefit/risk of
HU, this survey reports the best available evi-
dence on the expected outcomes of PV patients
receiving the current standard of therapy.19

The ECLAP study included 1638 patients
followed for a median of 2.8 years, 793 of
whom (48%) were treated with HU. The target
hematocrit and platelet count were below 45%
and 400.000/mmc, respectively. The propor-
tion of patients below the recommended values
after 12 months of follow-up were 48% for
hematocrit and 63% for platelet count, respec-
tively. A total of 164 deaths (10%) were
recorded for an overall mortality rate of 3.7 per
100 persons per year. As compared with the
general Italian population standardized for age
and sex, the excess of mortality of PV patients
was 2.1 times. Cardiovascular mortality
accounted for 41% of all deaths (1.5 deaths per
100 persons per year), mainly due to large ves-
sel arterial events, such as coronary heart dis-
ease and nonhemorrhagic stroke. The cumula-
tive rate of non-fatal thrombosis was 3.8
events per 100 persons per year, without differ-
ence between arterial and venous thrombosis.

The incidence of cardiovascular complications
was higher in patients aged more than 65 years
(5.0% patient-year, hazard ratio 2.0, 95% con-
fidence interval [CI] 1.22-3.29, p<0.006) or
with a history of thrombosis (4.93% patient-
year, hazard ratio 1.96, 95% CI 1.29-2.97,
p=0.0017) than in younger subjects with no
history of thrombosis (2.5% patient-year). No
relationship was found between the rate of
thrombosis and the degree of reduction of
hematocrit or platelet count.20

These figures should be taken into account
when a new drug is proposed for reducing the
thrombotic complications of PV patients.

Efficacy in myelofibrosis

HU is active in decreasing splenomegaly and
marked cytosis in MF and is the most common
initial medical therapy used in these patients.21

Estimated response rate is <50% for
splenomegaly, although very little prospective
clinical data exists. However, there are several
limitations to the use of this agent in MF. First,
HU rarely induces a complete resolution of
splenomegaly or even a clinical improvement
as assessed by the International Working
Group on Myelofibrosis Research and
Treatment (IWG-MRT) criteria, that is >50%
improvement sustained for at least 2 months.22

Nevertheless, more modest reductions in
splenomegaly may benefit some patients with
MF. A second limitation is that splenomegaly
is not as responsive as thrombocytosis to HU
and might require a higher dose (i.e. 2-3
grams/day). Third, particularly at higher doses,
HU therapy may potentially exacerbate
cytopenias, such as anemia.

Interestingly, chemosensitivity to HU is
increased in MF and PV patients carrying the
JAK2 V617F mutation, as reported above for
ET. In a recent study of 69 patients with MF
and 56 with PV, HU response in MF, evaluated



according to the IWG-MRT criteria, was sig-
nificantly and independently associate with the
presence of JAK2 V617F (48% vs. 8%
response in mutation positive vs. negative
cases).23 In PV, JAK2 V617F allele burden cor-
related directly with HU response (p=0.05)
and inversely with daily HU dose in respond-
ing patients (p=0.02). The mechanisms that are
responsible for this phenomenon can only be
speculated. It is well known that JAK2V617F
occurs at the stem cell level and favors a
myeloproliferative phenotype, with skewing
toward erythroid proliferation. It is possible
that HU, as an antiproliferative drug, is more
active in the presence of a higher degree of cell
proliferation, and such activity might be even
more pronounced in the presence of endoge-
nous myeloproliferation. For the time being,
current information suggests that JAK2V617F
presence identifies MPNs patients who are
likely to respond to HU therapy.

Drug resistance and adverse effects 

Resistance to HU, defined as a failure to
reach the expected reduction of elevated blood
cell counts, can be observed in a variable pro-
portion of patients with MPNs. However, reli-
able data on the magnitude of this effect are
lacking, mainly due to heterogeneous defini-
tions of “resistance”. To tackle this issue, an
international working group was convened to
develop a consensus formulation of criteria for
defining clinical resistance (and intolerance) to
HU in ET (Table 2).24 A similar process is
ongoing in PV. It is expected that these stan-
dardizations can help clinicians in establishing
the relevance of HU resistance both in clinical
trials and in daily practice.

The more frequent side effect of HU is
hematopoietic impairment, leading to neu-
tropenia and macrocytic anemia. To control
this effect, the recommended starting dose of

HU is 15-20 mg/Kg/day followed by a mainte-
nance dose to keep hematocrit and platelet
counts at response levels without reducing
WBC count values below 3,000×109/L.
Complete hemogram should be recorded every
two weeks during the first 2 months, then
every month, and, in steady state in responding
patients, every 3 months.25 Other less frequent,
but clinically relevant, adverse effects include
mucocutaneous manifestations and drug-relat-
ed fever (Table 2). Oral and leg ulcers and skin
lesions are often disabling for patients and may
exacerbate over time or transform into neo-
plastic lesions. Therefore, their occurrence dic-
tates the withdrawal of the drug.  

Is hydroxyurea leukemogenic?

Some long-term follow-up studies revealed
that a proportion of patients with PV or ET
treated with HU developed acute
leukemia.17,26,29

In the PVSG experience with 51 PV patients
given HU for a median follow-up treatment of
8.6 years, the incidence of leukemia was 9.8%
vs. 3.7% in historical phlebotomized controls.17

In a randomized clinical trial carried out in
France, 292 patients with PV below 65 yrs.
were randomized to treatment with HU or
pipobroman and followed from 1980 until
1997 (Table 1).26 Pipobroman is a bromide
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Table 2. Definition of resistance/intolerance to hydroxyurea in
patients with essential thrombocythemia.24

1) Platelet count higher than 600×109/L after 3 months of at
least 2 g/day of HU (2.5 g/day in patients with a body weight
> 80 kg), or

2) Platelet count higher than 400×109/L, and WBC less than
2,500/µL at any dose of hydroxyurea, or

3) Platelet count higher than 400×109/L, and Hb less than10
g/dL at any dose of hydroxyurea, or

4) Presence of leg ulcers or other unacceptable muco-cuta-
neous manifestations at any dose of hydroxyurea, or

5) Essential thrombocythemia-related fever.



derivative of piperazine with a chemical for-
mula similar to the alkylating agents but a
mechanism of action also involving metabolic
competition of pyrimidine bases. The inci-
dence of secondary leukemia was about 5% at
the 10th and 10% at the 13th year without signif-
icant differences between the two groups. 

In other studies, however, the use of this
drug as the only cytotoxic treatment was rarely
associated with secondary malignancies. In an
analysis of 25 ET patients younger than 50
years and treated with HU alone for a high risk
of thrombosis, no case of leukemic or neoplas-
tic transformation occurred after a median fol-
low up of 8 years (range 5-14 years).27 The
leukemic risk of HU in PV was evaluated in
the 1,638 patients prospectively enrolled in the
ECLAP study, with a median disease duration
of 6.3 years. HU alone did not enhance the risk
of leukemia in comparison with patients treat-
ed with phlebotomy only (hazard ratio 0.86,
95% CI 0.26-2.88; p=0.8) whereas this risk
was significantly increased by exposure to
radiophosphorus, busulphan or pipobroman
(hazard ratio 5.46, 95% CI 1.84-16.25;
p=0.002). The use of HU in patients already
treated with alkylating agents or radiophos-
phorus also enhanced the leukemic risk (haz-
ard ratio 7.58, 95% CI 1.85-31; p=0.0048).28

Other Authors confirmed that HU is associ-
ated with a more frequent progression to AL
when given before or after alkylating agents or
radiophosphorus. In a long-term follow-up
study of 112 ET patients, none of 20 patients
never treated with chemotherapy developed
neoplasia, as compared with 3 of 77 given HU
only (3.9% n.s.) and 5 of 15 given busulfan
plus HU (33% p<0.0001).13 Sterkers et al.
reported 14% rate of leukemia when HU was
combined with other cytotoxic agents, general-
ly pipobroman.29 Six cases of AML (21%) out
of 28 ET patients treated with HU plus alkylat-
ing agents or radiophosphorus were observed
by Murphy et al.30

Two studies from France29 and Italy31

revealed a high frequency of 17p chromosomal
deletions in patients with acutely transformed
disease who were treated with HU, suggesting
that these cytogenetic abnormalities might rep-
resent a possible leukemogenic mechanism of
the drug. However, the 17p deletion also occur
in other hematological disorders, including
both de novo and treatment-related cases of
AL and myelodysplastic syndromes.

To date there are no randomized studies
powered to assess the relative risk of malig-
nant transformation in HU-treated patients
both in ET and PV. These disorders have an
inherent tendency to evolve into AL, even in
the absence of specific therapy. Thus, studies
that enrolled patients in need of therapy auto-
matically selected patients with more active
disease and thus with a higher propensity to
malignant transformation. Furthermore,
leukemic transformation occurs after a lead-
time of several years. In conclusion, the bulk
of evidence does not support a clear leuke-
mogenic role for HU. Nevertheless, a caution-
ary principle suggest to consider carefully the
use of this agent in very young subjects and in
those carrying cytogenetic abnormalities or
previously exposed to radiophosphorus or
alkylating drugs.
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