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Abstract 
Introduction: Arsenic Trioxide is effective and approved for treatment of relapsed or refractory APL 
cases to ATRA but its effects in new cases of APL is not clear and needs long term follow up to dis-
close the role of this drug in treatment of APL in combination with chemotherapy/ATRA or alone. 
Material and methods: we studied 111cases of APL (94 new case and 17 relapsed) diagnosed by mor-
phological criteria and confirmed by cytogenetic and/or RT-PCR for the presence of PML/RARA fu-
sion gene. 
Arsenic Trioxide was infused as 0.15mg/kg/day doses, until complete remission by morphological cri-
teria or till 60 days. In case of complete remission, after 28 days do rest, 0.15mg/kg/days Arsenic Tri-
oxide was infused for an additional 28 days as consolidation. Also, we studied minimal residual disease 
by semi-sensitive RT- PCR on peripheral blood samples up to a year after complete remission. 
Results: Complete remission was observed in 95 patients (85.6%) and median time to complete remis-
sion was 30 days. There was no significant difference between remission rate in new and relapsed 
cases. 
During the induction phase, the most common cause of toxicity and mortality was APL differentiation 
syndrome (23 cases or 20.7%). Other toxicities were serosistis (7.2%) and hepatotoxicity (19.8%). 
With a median follow up of 16.5(1-57) months for patients in complete remission, one and two year 
disease free survival (DFS) was 88.3% and 63.7%, respectively. We observed 24 relapses and 19 of 
them achieved second complete remission, again by Arsenic Trioxide. Median time to relapse was 17 
months (4-33) and median time of second DFS after re-treatment with Arsenic Trioxide was 18 
months. We observed a third and fourth remission for some patients, who relapsed, again by Arsenic 
Trioxide. 
For patients in complete remission, one and three years survival was 95.5% and 87.6%, respectively. 
Minimal residual disease was positive in 4 (8.3%) out of 48 cases up to a year after remission induction 
and 3 of these patients clinically relapsed. 
Conclusion: Arsenic Trioxide is effective as a first line treatment of APL. Results of Arsenic Trioxide 
combination with chemotherapy/ATRA needs further study. Also it seems that Arsenic Trioxide is ap-
plicable for relapsed patients again and drug resistance is an unusual event. 
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Acute promyelocytic leukaemia (APL) is a 
well-defined subtype of leukaemia with specific 
and peculiar characteristics. The most important 

characteristic of this disease is a translocation 
between chromosomes 15 and 17 in leukemic 
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cells and the presence of PML/RARA fusion 
gene product in affected cells.(1) 
Today, accepted protocols for treatment of APL 
contain All-trans-retinoic acid (ATRA) ,which 
are usually combined with an antracycline. 
Overall survival and 2-4 years event free sur-
vival are 70%-80% and 55%-85% respec-
tively.(2-10) 
Maintenance by ATRA with or without low 
dose chemotherapy improves the results and re-
duces relapse rate.(6, 8, 11) 
Recently, some groups observed that, an an-
cient drug, Arsenic Trioxide is useful for treat-
ment of resistant or relapsed cases of APL after 
treatment with ATRA.(12-15) 
Arsenic Trioxide is the most active single agent 
against APL cells. It induces maturation and 
apoptosis in APL cells(1) and reduces microvas-
cular density of bone marrow. 
Soignet et al. showed that Arsenic Trioxide 
could induce high molecular remission rate, in 
relapsed APL cases.(16) Today Arsenic Trioxide 
is accepted for treatment of such cases and has 
improved the results of treatment of APL over 
stem cell transplantation.(17) 
The role of this drug, in the induction of remis-
sion or consolidation phase of new cases of 
APL is less clear. 
The purpose of our study is to define the effi-
ciency and the safety of Arsenic Trioxide for 
treatment of new cases of APL and long term 
follow up. 
 
Materials and Methods: 
1- Acute promyelocytic leukemia was diag-
nosed by clinical manifestations, morphological 
FAB criteria, cytogenetic or Fluorescent Insitu 
Hybridisation (FISH) study for detection of t 
(15,17) and /or RT-PCR for PML-RARA tran-
script. 
Table-1: Patient’s characteristic 

Female 60 Sex Male 51 
Relapsed 17 Type of 

diseases New cases 94 
Median age 
Median WBC at presentation 
Median hospitalisation time 
highest WBC count for pa-
tients with hyperleukocytosis 

27 (6-79) years 
2050 
32 days      
49500/mm3 (10200-
167700/mm3)  
 

Between May 2000 and January 2005, 111 APL 
patients enrolled in our study. Fifteen patients 
were relapsed and 94 were new cases. Three pa-

tients relapsed after a previous stem cell trans-
plantation (1 after allogeneic stem cell trans-
plantation and 2 after autologous stem cell 
transplantation) and 14 patients relapsed after a 
previous treatment by ATRA and chemother-
apy. None of the relapsed cases have used 
maintenance by ATRA or chemotherapy. 
Hematologic and clinical characteristic of the 
patients are shown in table-1. 
 
2- Arsenic Trioxide was prepared as 10mg/10 
ml vials, manufactured by the pharmaceutical 
faculty of Tehran University of Medical Sci-
ences and licensed by the food and drug divi-
sion of ministry of health for this clinical trial. 
 
3- This clinical trial was approved by a local 
ethical review board and consent form obtained 
before treatment. 
 
4- Induction of remission: after diagnosis of 
APL according to the above criteria, Arsenic 
Trioxide was started immediately as a 2 hour 
intravenous infusion of 0.15mg/kg in 500ml 
dextrose water. Treatment continued until com-
plete remission by morphological criteria or to a 
maximum of 60 days. 
 
5- Supportive care during treatment: prothrom-
bine time, activated partial thromboplastin time, 
Fibrin degradation product and fibrinogen were 
measured at the time of diagnosis and regularly 
during the treatment. In the presence of dis-
seminated intravascular coagulopathy (DIC) 
fresh frozen plasma and platelet were trans-
fused, if indicated. The White blood cell count 
and peripheral blood smear was observed daily. 
Liver and renal function was assayed regularly 
and fasting blood sugar, sodium, potassium, 
calcium, magnesium and urine analysis were 
tested twice weekly. The Electrocardiogram 
was studied and QTc was measured every other 
day. In case of QTc prolongation, Magnesium 
and Potassium was supplied. Patients weight 
was measured daily and diuretics prescribed for 
severe edema or weight gain. If the liver en-
zymes increased to more than 10 times the up-
per limit of normal or bilirubin to more than 5 
mg/dl or creatinin to more than 2 mg/dl, Arse-
nic Trioxide was stopped for some days. After 
correction of abnormalities, drug administration 
was restarted with half the original dose and in-
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creased to full dose rapidly. In cases with he-
patic or renal complications or APL differentia-
tion syndrome during induction of remission 
phase, we used full dose Arsenic Trioxide in the 
consolidation phase, without any significant ob-
served complications. 
The APL differentiation syndrome (defined as 
weight gain, fever, polyserositis and dyspnea 
with or without radiographic markers of pul-
monary infiltration) was treated by Dexa-
methasone 10 mg twice daily, until patient 
symptom improvement. For patients whose 
APL differentiation syndrome worsened toward 
Adult Respiratory Distress Syndrome (ARDS) 
or pulmonary hemorrhage we tried immediate 
use of assisted ventilation with oxygen supple-
ment and activated factor seven (Novo seven®) 
for some patients. 
Peripheral blood smear was observed daily and 
Bone marrow was studied every 10 days for 
evaluation of remission and maturation. 
After complete remission, treatment stopped 
and patients were discharged. 
 
6- Consolidation: 28 days after complete remis-
sion, consolidation began as an out patient 
treatment. It consisted of 28 days infusion of 
0.15mg/kg Arsenic Trioxide every day, 6 days a 
week. In this period, patients were visited every 
week and their CBC, liver enzymes, renal func-
tion and electrocardiogram were tested. 
 
7- Follow up: after the consolidation, patients 
were visited every month and then every three 
months and their CBC, liver and renal function 
was studied. 
 
8- Definition of outcome: 
a. Complete remission was defined as its clas-
sic definition, neutrophil count more than 
1500/mm3; platelet count more than 
100000/mm3 and immature cells (promyelo-
cytes and myeloblast) less than 5% of nucleated 
bone marrow cells. 
b. Disease free survival: measured from the 
time of complete remission until relapse or cen-
soring of data on patients. 
c. Overall survival: measured from the time of 
diagnosis and beginning of the treatment by Ar-
senic Trioxide until the time of death or censor-
ing of data on patients. 
 

9- Minimal residual disease (MRD): 48 patients 
were evaluated within a one year period after 
complete remission for minimal residual dis-
ease (MRD) by RT-PCR on their peripheral 
blood samples by searching for mRNA of PML-
RARA isoforms. Sensitivity of the test was 10-3. 
Sequences of forward and reverse primers are 
shown in table-2. 
Table-2: sequence of primers used for diagnosis and follow up 
for minimal residual disease by a nested-RT-PCR 
Primer Sequence ( 5′-3′) 
M2 AGTGTACGCCTTCTCCATCA 
M4 AGCTGCTGGAGGCTGTGGACGCGCGGTACC 
R5 CCACTAGTGGTAGCCTGAGGACT 
R8 CAGAACTGCTGCTCTGGGTCTCAAT 
 
10- Statistical analysis: median values were 
measured for the of complete remission  
and hospitalisation time. Disease free survival 
and the overall survival time was calculated by 
Kaplan-Meier’s method.  
 
Results: 
1- Complete remission: complete remission 
was observed in 95 patients (85.6%). The me-
dian time to complete remission was 30 days 
(20-43 days). Median time of hospitalisation 
was 32 days for remission induction phase of 
treatment. Remission was observed in 82 new 
cases patients (86.3%) and 13(76.5%) relapsed 
cases. This difference wasn’t statistically sig-
nificant. Sixteen patients died due to the com-
plications of their disease or treatment in the 
induction phase. The causes of death were car-
diac arrest in two, APL differentiation syn-
drome in 8 (with pulmonary hemorrhage and/or 
acute respiratory distress syndrome), cerebral 
hemorrhage in three patients and disseminated,. 
Aspergilosis in one patient. Two patients did 
not respond and died due to disease progression 
after chemotherapy .The median time of death 
was 20 days (2-55 days) during the induction 
phase. 
2- Hyperleukocytosis: The median white blood 
cell count was 2050/mm3 at the time of diagno-
sis. In eighteen patients, white blood cell count 
was more than 10000/mm3. Hyperleukocytosis 
(white blood cell count more than 10000/mm3) 
happened in 65 patients during treatment. The 
median day for the beginning of hyperleukocy-
tosis was 10 days (2-22) after starting the treat-
ment and the median number of highest 
leukocyte count was 49500/mm3 (10200-
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167700/mm3). There was no significant differ-
ence between white blood cell counts at the on-
set between patients with and without hyper-
leukocytosis and it did not increase early mor-
tality of treatment. We didn’t observe any asso-
ciation between hyperleukocytosis and APL 
differentiation syndrome, remission rate and re-
lapse rate. Overall survival and disease free 
survival was not significantly different for pa-
tients with and without hyperleukocytosis. 
3- APL differentiation syndrome: this compli-
cation was observed in 23 patients (20.7%) and 
10 of these patients succumbed during this 
complication (eight died due to APL differen-
tiation syndrome and respiratory failure, one 
due to brain and pulmonary Aspergilosis and 
one due to intracranial hemorrhage) 
We didn’t observe any difference between new 
cases and relapsed subgroups. The death rate 
was significantly higher in patients with APL 
differentiation syndrome (p<0.006) 
Disease free survival and overall survival 
analysis: Median follow up was 16.5(1-57) 
months. Relapse was observed in 24 patients 
(25.3%) in complete remission and median time 
to relapse after first complete remission was 17 
months. One and two year disease free survival 
for patients in complete remission was 88.3% 
and 63.7%, respectively. 
Disease free survival was similar for new cases 
and patients who were treated after relapse fol-
lowing previous ATRA and chemotherapy. 
For patients who relapsed after the first course 
of Arsenic Trioxide treatment we restarted 
treatment with Arsenic Trioxide with the same 
schedule as the first treatment. Nineteen com-
plete remissions were observed in this group 
(79.2%) and median time to relapse for this 
group was 18 months.  
One and three year survival for patients in 
complete remission was 94.55% and 86.6%, 
respectively. (Fig-1) 
Survival was similar for new cases of acute 
promyelocytic leukaemia and patients who 
were treated after relapse following previous 
ATRA and chemotherapy.  
We couldn't find any independent risk factor for 
relapse and survival in complete remission pa-
tients, except positive minimal residual disease 
following remission induction or during follow 
up (p- value= 0.01 and <0.0001 respectively). 
 

fig-1
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4- Molecular follow up of patients: 48 patients 
were followed by a semi-sensitive RT-PCR for 
detection of PML-RARA fusion gene mRNA 
during the first year after complete remission. 
All patients were in complete haematological 
remission at the time of minimal residual dis-
ease study. RT-PCR was positive in 4 patients 
(8.3%) and three of them clinically relapsed. 
Re-treatment of relapse: 24 patients who re-
lapsed were treated again with the same treat-
ment as before with the Arsenic Trioxide. 
Again we observed 19 complete remissions 
(79.2%) and 5 patients died during second re-
mission induction by Arsenic Trioxide. 
 
Discussion:  
We observed that complete remission rate and 
one and two-year disease free survival of pa-
tients who were treated by Arsenic Trioxide 
were comparable to ATRA-chemotherapy 
regimen. 
In the European APL study group experience, 
event free survival was 84% for patients who 
were treated by concomitant chemotherapy and 
ATRA and 77% for patients on sequential 
regimen(18). 
With Arsenic Trioxide alone, overall survival 
and complete remission rate were comparable 
to the European group study, although we sug-
gest addition of maintenance therapy by inter-
mittent Arsenic Trioxide with or without oral 
chemotherapy, or, addition of chemotherapy to 
induction or consolidation phase to improve the 
results. This would be due to low observed re-
sistant rate to Arsenic Trioxide after the first 
course of treatment. 
ATRA without chemotherapy couldn’t induce a 
durable remission,(19-22) so we suggest that Ar-
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senic Trioxide is superior to ATRA for new 
cases and can induce a durable remission and 
good DFS. Also, long term treatment with 
ATRA can increase the metabolism of drug in 
the liver and the efficiency of ATRA decrease. 
So we can ask: is Arsenic Trioxide a good sub-
stitute for ATRA in new cases of APL? 
In APL patients who were treated by Arsenic 
Trioxide, the most important limitation was 
APL differentiation syndrome. 
Although it is possible to control this complica-
tion by corticostroids, better supportive care 
would be the use of activated factor VII in some 
patients with pulmonary hemorrhage, but some-
times it is fatal. This should be a subject for fu-
ture studies to control this complication by 
early chemotherapy, use of ATRA in combina-
tion with Arsenic Trioxide and improve suppor-
tive care. 
Minimal residual disease detection is another 
possible subject for study to improve the results 
of treatment and to start these patients early on 
Arsenic Trioxide. 
It is proved that if MRD is negative two times 
after complete remission, risk of relapse is 
minimal.(5,23,24) Soignet et al showed that after 
the induction phase, 85% of patients were nega-
tive for MRD.(16) In our study MRD negativity 
was 91.7% of cases in peripheral blood up to a  
year after complete remission. 
Also, we suggest that early treatment after de-
tection of MRD may improve the results of Ar-
senic Trioxide and may prevent high mortality 
of relapse.(25-27) 
Recently we studied patienty samples by a sen-
sitive Real-time PCR and we could define a 
threshold for relapse( unpublished data) which 
will be useful for early detection and treatment 
to improve the results. 
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