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Recent studies have identified pathologic mutations in
the transcription factor GATA-1 which are implicated in the
pathogenesis of both thrombocytopenia and myeloprolifer-
ation. Although the precise role of these mutations in the
development of TMD and/or AMKL in children with Down’s
syndrome is not known, they presumably impart a clonal
advantage which co-operates with or enhances the funda-
mental defect provided by increased dosage of a gene on
chromosome 21. They are not sufficient for progression to
AMKL.8 Nevertheless, the specificity for the development of
immature megakaryoblasts demonstrates that defects in
GATA-1 can influence expansion of this lineage. The pres-
ent study, however, indicates that GATA-1 mutations are
not responsible for the increased megakaryocytosis of
patients with ET.
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Acute Myeloid Leukemia

Arsenic trioxide in the treatment of advanced acute
promyelocytic leukemia

Eleven patients with advanced APL were treated with
ATO (0.15 mg/Kg daily). Eight (73%) achieved molecular
CR, but 5 relapsed, 1 died in molecular CR, 1 was lost to
follow-up and 1 is still alive in CR after allogeneic trans-
plantation. We suggest that ATO may be effective also in
advanced APL, but given the short CR, it seems indicated
only in patients eligible for transplant procedures.
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The advent of all-trans-retinoic acid (ATRA) has dramati-
cally improved treatment outcome and survival in patients
with acute promyelocytic leukemia (APL).1-2 However, approx-
imately 30% of patients receiving ATRA-based therapy will
eventually relapse.3 Recent studies have shown that arsenic
trioxide (ATO) has a significant antileukemic effect in APL, and
may induce complete remission (CR) in more than 80% of
patients treated at 1st relapse.4-8 We report here our experi-
ence on ATO treatment for patients with advanced (multiply
relapsed or molecularly resistant) APL. From 12/1998 to
12/2000, 11 patients with APL in ≥ 2nd relapse or 1st molecu-
larly resistant disease  received ATO as a single agent. Mole-
cular resistance was defined as persistence, in two consecu-
tive marrow samples collected at the end of the AIDA proto-

col induction and consolidation, of polymerase chain reaction
positivity for the PML/RARα hybrid. The main clinical char-
acteristics of the patients and their previous treatments are
described in Table 1.

ATO, kindly provided by PolaRx Biopharmaceuticals Inc.,
was administered at a dose of 0.15 mg/kg daily until the
achievement of hematologic complete remission (HCR) and
for a cumulative maximum duration of 60 days. HCR and
molecular remission (MCR) were defined as reported else-
where.9 Patients who achieved HCR, were planned to receive
an additional course of ATO as consolidation therapy, with
the same dosage for a cumulative period of 25 days.

Eight patients (73%)  achieved HCR after induction treat-
ment with ATO. Three patients died of cerebral hemorrhage,
on day 7, 15 and 25: all of them developed an APL differ-
entiation syndrome, characterized by high leukocyte count
and respiratory distress (Table 2). The median treatment
duration in patients who achieved CR was 37.5 days (range
28-50) and the median cumulative dose was 300 mg (range
108-564). All but one of the patients in HCR received one
cycle of consolidation with ATO. Among the 8 patients in
HCR, 6 achieved MCR after the first cycle of ATO and the
remaining 2 after consolidation. As to follow-up, 1 patient
was lost to follow-up after 2 months while in MCR, 1 patient
did not receive any other treatment and relapsed after 3
months, 2 patients received one further cycle of ATRA +
idarubicin and both relapsed after 3 and 4 months. The
remaining 4 patients underwent transplant procedures: two
received an autologous bone marrow transplantation (BMT)
and both relapsed, after 13 and 22 months, while 2 received
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an allogeneic BMT (1 died in MCR from second neoplasia
after 20 months, and 1 is still alive in MCR after 24 months).

An APL differentiation syndrome developed in 3 patients
and was managed with dexamethasone (10 mg every 12
hours for 4 days). All these 3 patients died from cerebral
hemorrhage, apparently not related to concomitant APL dif-
ferentiation syndrome. Other extra-hematologic toxicity
included Q-T prolongation in 2/11 patients (18%), which
did not however require ATO discontinuation, and severe
peripheral neuropathy in 2/11 (18%) cases. Hyperleukocy-
tosis (WBC > 10×109/L) during the induction treatment with

ATO was observed in 6/11 patients (54.5%), with a median
peak WBC count of 57×109/L. Cytotoxic drugs were added
in only one patient.

APL patients in first relapse after ATRA-based protocols,
need a salvage scheme able to re-induce molecular remis-
sion. Provided that at least 6 months have elapsed since the
last ATRA administration, such a remission can be obtained
by using ATRA again in combination chemotherapy or, alter-
natively, agents that have proven to be extremely active
and non-cross resistant with ATRA, such as ATO. For those
patients in very advanced phase with an acquired resist-

Table 1. Clinical characteristics of the patients.

Patient Age Sex PML/RARα Treatment HCR/MCR Salvage Response to Disease status Months
N. isoform at duration treatments salvage at ATO from diagnosis

diagnosis (months) treatments treatment to ATO

1 39 F BCR1 AIDA 5/0 APLres Res Molecular resistance 15
2 51 M BCR3 AIDA 4/0 APLres Res Molecular resistance 8
3 20 M BCR1 AIDA 7/6 a) APLres a) Res 1st Resistant  Rel 29

b) IEV b) Res
c) ATRA+IFN c) Res
d) AAT d) Res

4 41 F BCR3 AIDA 8/5 APLres Res 1st Resistant Rel 18
5 37 M BCR3 AIDA 16/14 APLres→ABMT CR (8 mo) 2nd Relapse 33
6 62 M BCR3 AIDA 12/6 APLres→ABMT CR (7 mo) 2nd Relapse 25
7 5 M BCR3 AIDA 9/6 APLres→BMT CR (15 mo) 2nd Relapse 35
8 34 F BCR3 AIDA 8/1a) APLres a) CR (1 mo) 2nd Resistant 18

b) HdHU b) Res Rel
9 38 F BCR1 AIDA 6/5 a) APLres a) Res 2nd Resistant 32

b) AAT→PBSCT b) CR (2 mo) Rel
c) ATRA+IFN c) Res

10 53 M BCR3 AIDA 11 / 8 a) APLres a) CR (8 mo) 2nd Resistant 29
b) DNR b) Res Rel

11 34 F BCR3 AIDA 8 / 3 a) APLres→ABMT a) CR (6 mo) 2nd Resistant 34
b) ATRA b) Res Rel
c) AAT c) Res

HCR: hematologic complete remission; MCR: molecular complete remission; AIDA: idarubicin + ATRA; APLres: mitoxantrone + aracytin + ATRA; AAT: amsacrine
+ aracytin + thioguanine; HdHU: high dose hydroxyurea; ABMT: autologous bone marrow transplantation; BMT: allogeneic bone marrow transplantation;
PBSCT: peripheral blood stem cell transplantation.

Table 2. Patients outcome after ATO treatment.

Patient WBC > ATO treatment Outcome PML/RARα CR duration Post-remission Present 
N. 10×109/L (days) post-induction (months) treatment status

during ATO Induction Consolidation

1 134 7 NP Early3 death − − − Dead
2 15.3 25 NP Early2 death − − Dead
3 − 41 25 CR Neg. 3 − Dead
4 − 30 25 CR Pos. +24 BMT CR
5 − 39 22 CR Neg. 4 IDA+ATRA Dead
6 62.5 15 NP Early1 death − − − Dead
7 135 36 25 CR Neg. 22 PBSCT Dead
8 43.9 30 25 CR Pos. 20 BMT Dead
9 − 28 NP CR Neg. 13 ABMT Dead
10 − 47 10 CR Neg. ? ? Lost to FU
11 10.4 50 25 CR Neg. 3 IDA+ATRA Dead

1Due to cerebral hemorrhage on day 15; 2Due to cerebral hemorrhage on day 25; 3Due to cerebral hemorrhage on day 7; NP: not performed;  CR: complete remission;
BMT: allogeneic bone marrow transplantation; ABMT: autologous bone marrow transplantation; PBSCT: peripheral blood stem cell transplantation.
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ance to ATRA after multiple therapies, the best treatment is
more questionable: the problem is hampered by the lack of
randomized studies which are extremely difficult because of
the very small numbers involved, but the association of
ATRA plus chemotherapy does not seem effective. Thus, the
introduction of new active drugs, such as ATO, is warrant-
ed although these need to be very carefully evaluated. In our
experience, 8/11 patients achieved HCR and all patients in
HCR also achieved MCR. Considering the very advanced
phase of disease and the heavy pretreatment, ATO seems to
retain a substantial efficacy also in this subset of patients.
However, the duration of the MCR was always short. In the
present series, autologous transplantation performed in 3rd

or more advanced MCR did not produce long-lasting dis-
ease-free survival, differently from its beneficial effect when
performed in 2nd MCR.3 As a matter of fact, allogeneic BMT
seems to be the only effective treatment capable of pro-
longing remission after ATO treatment in patients with
advanced disease.

In conclusion, while the results of ATO as front-line treat-
ment of APL are awaited, our data highlight the efficacy of
this drug in advanced APL and the need to use allogeneic
transplantation to consolidate the remission.
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Acute Myeloid Leukemia

5’-(3’)-nucleotidase mRNA levels in blast cells are a
prognostic factor in acute myeloid leukemia patients
treated with cytarabine

We analyzed cytosolic 5’-(3’)-nucleotidase (dNT-1)
mRNA expression by quantitative polymerase chain reac-
tion at diagnosis in leukemic blasts from 114 patients
with acute myeloid leukemia (AML) treated with ara-C.
Our results show that low dNT-1 mRNA expression in
leukemic blasts at diagnosis is correlated with a worse
clinical outcome and suggest that this enzyme may have
a role in sensitivity to ara-C in AML patients. 
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5’-nucleotidases comprise a large and complex group of
enzymes differing in substrate specificity and cellular local-
ization.1 These enzymes dephosphorylate the monophos-
phate form of nucleoside analogs and, therefore, may affect
the pharmacologic activity of ara-C in the treatment of
patients with acute myelogenous leukemia (AML). Overex-
pression of an IMP-selective 5‘-nucleotidase (cN-II) has been
associated with ara-C resistance in experimental models2,3

and in the clinical setting.4,5 However, to date, the role of oth-
er 5’-nucleotidases in resistance to ara-C and their influence
on clinical outcome in AML is unknown. The objective of this

study was to evaluate the clinical significance of dNT-1
nucleotidase, a cytosolic 5’-(3’)-nucleotidase (accession num-
ber: NP_055410) which possesses higher affinity for the 5’-
phosphates of deoxyribonucleosides and the 2’- and 3’-phos-
phates of either ribonucleosides or deoxyribonucleosides.6 For
this purpose, dNT-1 mRNA expression was determined in
leukemic blasts obtained at diagnosis from bone marrow aspi-
rates and peripheral blood of 114 AML patients treated with
ara-C-containing regimens. The patients’ characteristics are
listed in Table 1. Separation of bone marrow blasts, extrac-
tion of cellular RNA, cDNA synthesis and real-time poly-
merase chain reaction (PCR) analysis were performed as pre-
viously described4 using the following primers and probe: for:
5’-GGACACGCAGGT CTTCATCTG; rev: 5’-GCGGTACTTCTCACC-
CACACA; probe: 5’-FAM-CTCTTCAGGGCTGCCCATGTCTTGA-
TAMRA. The final amount of mRNA (arbitrary quantitative
PCR units) was obtained using RelQuant software (Roche,
Mannheim, Germany).

We found that lower than median levels of dNT-1 mRNA
in AML blasts at diagnosis were independently correlated
with shorter disease-free survival (DFS) in univariate (medi-
an DFS values: 11 vs. 17 months; p =0.01) (Figure 1) and
multivariate analysis (p =0.02; odd ratio: 2.11; 95% CI:1.1-
4.2), and with shorter overall survival (OS) only by univari-
ate analysis (median OS values: 14 vs. 20.5 months; p=0.01)
(Figure 1). To our knowledge, this is the first time that low
levels of expression of dNT-1, as determined by quantitative
PCR, have been related to worse clinical outcome in patients
with AML.




