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kinase.8 One patient with a t (5;10) was treated at diagnosis
with imatinib and achieved clinical and cytogenetic respons-
es after 3 weeks.7 In contrast our patient did not respond to
imatinib. It must be noted that in our case treatment with
imatinib was begun 29 months after diagnosis and 5 years
after the first signs of the disease. Moreover several clinical
and biological signs including anemia, thrombocytopenia,
marked reticulin fibrosis, prominent splenomegaly at diag-
nosis, and additional chromosome abnormalities at the time
of treatment with imatinib suggested that the patient had an
accelerated phase of disease. Imatinib was given at the dose
of 400 mg/day, which is lower than the dose recommended
for accelerated phase CML. Some CML patients have ima-
tinib-resistant disease as a consequence of acquired muta-
tions in the ATP binding pocket of BCR-ABL.9 Direct sequenc-
ing of the H4-PDGFRB kinase domain (corresponding to
amino acids 478-886 of PDGFRB) was performed. The
sequence of the kinase domain showed no coding changes.
We hypothesize that other mechanisms of resistance were
responsible for the lack of response observed in our patient.
Drugs with activity against the imatinib-resistant variants
are currently being developed and will be therapeutically
important.10
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Chronic Myeloproliferative Disorders

The effects of hydroxyurea on PRV-1 expression in patients
with essential thrombocythemia and polycythemia vera

The study was designed to investigate the influence of
hydroxyurea (HU) treatment on PRV-1 expression. Eigh-
teen newly diagnosed patients with essential thrombo-
cythemia (ET) or polycythemia vera (PV) were included.
HU significantly increased PRV-1 gene expression in the
early stage of treatment.
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Hopes of finding a pathognomonic molecular marker for
the diagnosis of polycythemia vera (PV) were raised when
the polycythemia rubra vera-1 (PRV-1) gene was

Figure 2. Viability of mononu-
clear cells from the patient
(PT) and from 5 CML other
patients exposed or not to 1
µM  of Imatinib (STI).
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described.1 It was found that mRNA from the PRV-1 gene
was overexpressed in granulocytes from all patients with
polycythemia vera (PV) and occasionally in patients with
essential thrombocythemia (ET) and idiopathic myelofi-
brosis.  Several groups, including ours, have recently pub-
lished similar results.2-3 However, in most studies treated
and untreated patients were mixed and there were great
variations in disease duration, which might have influ-
enced the PRV-1 gene expression. The effect of hydrox-
yurea (HU) on PRV-1 expression in individual patients dur-
ing treatment is not yet known.

HU is widely used as a first line myelosuppressive ther-
apy in ET and in PV to control thrombocytosis.4-5 The aim
of our study was to investigate the effect of myelosup-
pressive treatment, i.e., HU, on PRV-1 mRNA expression in
granulocytes, in newly diagnosed patients with PV or ET.

Nine patients with ET and nine patients with PV, with
newly diagnosed disease, were studied (Table 1). The rea-
sons for initiating myelosuppressive treatment were: his-
tory of prior thrombosis, platelet count over 600×109/L in
patients aged over 60 years or platelet count above
800×109/L in patients with PV and over 1000×109/L in ET
patients. The goal was a platelet count below 400×109/L.

Ten milliliters of EDTA-anticoagulated venous blood
were collected from the patients before treatment as well
as one month and four months after the start of HU. A
real-time reverse transcriptase polymerase chain reaction
(RT PCR), recently reported by us,2 was used to quantify
PRV-1 expression in buffy coat granulocytes. The results
were expressed using the Ct method.6

The results for the individual fold change of PRV-1
expression are presented in Figure 1. In 13 of the 18
patients a significant increase (p=0.0312) of PRV-1 mRNA
expression was detected after one month of HU treatment.
In one patient the GAPDH value indicated poor RNA qual-
ity at one month of treatment and this sample is not
included in the comparison. After 4 months of treatment
11 out of 18 patients had increased PRV-1 expression,
although this was not statistically significantly (p=0.557)
different from the expression level before treatment initi-
ation. One patient interrupted HU therapy after one month
due to adverse events. There were no significant changes
with regard to lymphocyte counts or GAPDH levels during

treatment. Fourteen of the eighteen patients achieved a
platelet count below 400×109/L, which was the target lev-
el. Reversion of clonal to polyclonal haematopoiesis was
reported by Liu et al.3 in two patients with PV treated with
interferon (IFN). Fruehauf et al.7 recently reported a sig-
nificant decrease in PRV-1 expression in the peripheral
granulocytes of four patients when IFN therapy was initi-
ated. In vitro colony assays showed similar patterns, with
lower granulocyte and erythroid growth8-9 when HU and
IFN therapy were started. HU has been shown to exert a
bi-modal dose-dependent effect on erythropoiesis.10

Our hypothesis was that PRV-1 gene expression would
decrease after initiation of HU therapy. Interestingly, how-
ever, PRV-1 gene expression was significantly increased in
13 of 18 patients (p=0.0312) one month after HU treat-
ment had started. Four months after HU therapy initiation
there were no significant changes. One possible explana-
tion for the differences in PRV-1 expression between HU
and IFN-treated patients is that the two treatment modal-
ities affect myelopoiesis at different levels. It could be that
the effect of HU on PRV-1 gene expression develops more
slowly than that of IFN treatment. If this is the case a
longer follow-up will be needed to detect changes. Nine
of our patients have been treated with HU for 12 months
and six of them still have increased PRV-1 gene expression,
although this is not statistically significant (p=0.515). We
conclude that HU increases PRV-1 gene expression, at
least in the early phase of treatment and therefore myelo-
suppressive therapies must be taken into consideration
when presenting studies on PRV-1 gene expression.
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Table 1. Clinical characteristics of the 18 patients with
PV or ET.

PV ET

Number of patients 9 9

Male/Female 2/7 3/6

Age, years* 74 (66-84) 68 (51-80)

Platelet count (×109/L) 720 934
at start of hydroxyurea* (207-910) (412-1170)

Platelet count (×109/L) 423 588
after one month* (209-745) (264-941)

Platelet count (×109/L) 341 357
after four months* (91-742) (265-502) 

*mean (range).

Figure 1. Changes in PRV-1 expression in 16 patients
treated with hydroxyurea (HU). One patient interrupted
his HU therapy after one month due to adverse events.
Two patients are not out-lined because of 204 and 32-fold
changes in PRV-1 expression at one month, and 19 and
0.83-fold changes at four months.
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Acute Promyelocytic Leukemia

Molecular remission with arsenic trioxide in patients with
newly diagnosed acute promyelocytic leukemia

Thirty six APML patients achieving hematologic remis-
sion with As2O3 were serially monitored using RT-PCR.
Though only 5.5% achieved molecular remission at induc-
tion remission, 94.5% became negative during consoli-
dation. At 20 months follow-up, 85% remain in remis-
sion but longer follow up studies are needed to monitor
late relapses. 
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Arsenic trioxide (As2O3) achieves induction remission in
70-90% of patients with newly diagnosed acute promyelo-
cytic leukemia (APL) with 65-70% long term remission
rates1,2 but there is limited data on molecular remission in
these patients. We evaluated this aspect in 40 patients and
describe our findings here. The study population was formed
of 40 patients with t(15;17) APL treated with As2O3 between
January 2000 and February 2004. As2O3 was administered in
teh context of an institutional study protocol after obtain-
ing ethical clearance in the first 5 patients, but since 2001,
As2O3 has become standard therapy for patients who can-
not afford treatment with ATRA. Intravenous As2O3, pre-
pared in the hospital pharmacy at the cost of $0.5 per vial,
was administered at a daily dose of 10 mg (adults) and 0.15

mg/kg/day (children) as per protocol (Figure 1). Full blood
counts, coagulation parameters, as well as renal and hepat-
ic function were closely monitored. Electrocardiograms were
done if patient was symptomatic. Platelet and fresh frozen
plasma transfusions were given to maintain platelet counts
>20,000/mm3 or if the patients had a coagulopathy. Bone
marrow examination was done to assess remission on nor-
malization of blood counts. The molecular monitoring was
carried out by reverse transciption polymerase chain reac-
tion (RT-PCR) to detect PML-RARα transcripts, as described
by van Dongen et al.,3 and was done at diagnosis, at hema-
tologic remission, prior to consolidation therapy, twice dur-
ing maintenance therapy (3 months apart) and subsequently
every 6 months. This method, with nested amplification, has
a sensitivity of 10-3 to 10-4. There were 23 males and 17
females, including 31 adults and 9 children (mean age 27.8
years; range: 6-60) with hypergranular APL. The median
white cell count at diagnosis was 2.5×109/L (range: 0.6 to
58.9). Thirty-six patients (90%) achieved hematologic
remission (HCR) at a median time of 42.6 days (range: 26-
60) with 4 early deaths due to intracranial hemorrhage.
Molecular remission was achieved in all at a median time
of 83.9 days (range: 51-136). Though only 2 (5.5%) patients
became PML-RARα transcript negative at HCR, another 25
(69.5%) had became negative at the start of consolidation
without further treatment. Seven patients (19.5%) became
negative at the end of consolidation while 2 (5.5%) became
negative during maintenance therapy. Thirty-four patients
(94.5%) were in molecular remission by the end of consol-
idation. As far as concerns toxicity, 20 patients (50%) had
leukocytosis requiring addition of hydroxyurea with tempo-
rary discontinuation of As2O3 in 5 patients and prolonged
neutropenia in 1 patient. Asymptomatic elevation of liver
enzymes was noted in 7 (17.5%) patients. There were no
cases of clinical cardiac toxicity. Isoform analysis showed
that 29 patients (72.5%) were bcr-1-positive, 2 (5%) were
bcr-2-positive and 9 (22.5%) were bcr-3 positive. The rate

Figure 1. Protocol for tretament of patients with  APML
with As2O3.

As2O3 was administered at a fixed dose of 10 mg/day for adults

and 0.15 mg/kg/day for children

Maintenance therapy 
As2O3 administered once daily for 10 days 

every month for 6 months 

4 week   interval

4 week   interval

Consolidation therapy 
As2O3 administered once daily for 28 days 

Induction therapy
As2O3 administered once daily until 

hematologic CR or for a maximum of 60 days  

 




