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Arsenic trioxide in the management of acute promyelocytic
leukaemia

VIKRAM MATHEWS, MAMMEN CHANDY, ALOK SRIVASTAVA

ABSTRACT
Arsenical compounds were used as early as 2000 Be, both as
medicines as well as poisons. Arsenicals gained importance in the
beginning of the last century as the primary mode of treating
syphilis. In t 93 t, Folkner and Scott used an arsenical prepara-
tion called Fowler's solution in the treatment of chronic myeloid
leukaemia. This continued to be used until the introduction of
busulphan in t 953. In the t 970s, arsenic trioxide was intro-
duced for the treatment of acute promyelocytic leukaemia in
China and was found to be extremely effective in treating this
condition. Since then, numerous in vitro and in vivo studies have
con finned this observation. This article reviews the pathogenesis
of acute promyelocytic leukaemia, the possible mechanism of
action of arsenic trioxide in this condition and the literature on
its use in the treatment, with special reference to the clinical and
molecular response rates, toxicity and phannacology of this
compound. It also attempts to address the role of arsenic trioxide
in the present algorithm for the treatment of acute promyelocytic
leukaemia.
Natl Med J India 200 t ; t 4:2 t 5-222

INTRODUCTION
Arsenical compounds were used as early as 2000 Be, both as
medicines as well as poisons. I The use of these compounds as
medicines was familiar to early physicians such as Hippocrates
(460-377 Be), Aristotle (384-322 Be) and Pliny the Elder (AD
23-79) but it was Paracelsus (AD 1493-1541) who used arseni-
cals extensively. He was quoted as saying, 'All substances are
poisons, the right dose differentiates a poison from a remedy'. I

In the eighteenth century, Fowler's solution (1% potassium
arsenite) was very popular and was used in the treatment of
various ailments, though predominantly for dermatological con-
ditions.'

Arsenicals gained importance in the beginning of the last
century as the mainstay for the treatment of syohilis. 2 In 1931,
Folkner and Scott used Fowler's solution for the treatment of
chronic myeloid leukaemia,' which was continued till the intro-
duction of busulphan in 1953. Till recently, the use of arsenical
compounds was limited to the organic arsenical melarsoprasol for
the treatment of trypanosomiasis.
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In the 1970s, arsenic trioxide was introduced in the treatment
of acute promyelocytic leukaemia (APML) in China and was
found to be extremely effective.' Two patients with APML, who
had relapsed following chemotherapy at our institution, were
treated with an Ayurvedic preparation containing arsenic. The
first patient received therapy for more than 5 years from 1989
onwards and continues to be in complete remission (CR). How-
ever, he developed a cutaneous squamous cell carcinoma 4 years'
after stopping therapy. Subsequently, there have been numerous
other reports, both in vitro and in vivo, which have established the
effectiveness of arsenic trioxide in the treatment of APML.4-13

PATHOGENESIS
Acute promyelocytic leukaemia or AML-M3 which accounts for
approximately 10% of the acute myeloid leukaemias in adults, 14
was first recognized as a distinct entity in the 1950s.15The disease
classically presents with pancytopenia, bleeding diathesis sec-
ondary to disseminated intravascular coagulation, increased
promyelocytes and blasts with multiple auer rods and the charac-
teristic t(15; 17) cytogenetic abnormality on karyotyping." Knowl-
edge ofthe pathogenesis and biology ofthis condition is essential
to understand the possible mechanisms by which arsenic trioxide
could induce remission.

In the 1970s, it was shown that APML is consistently associ-
ated with a non-random chromosomal abnormality characterized
by the reciprocal translocation between chromosomes 15and 17.16
This leads to the fusion of a portion of the PML gene (15q22) on
chromosome 15 to a portion of the RAR (retinoic acid receptor)-
a on chromosome 17 (17q21), which in turn results in the
synthesis of two reciprocal fusion transcripts, PML-RAR-a and
RAR-a-PML. Of these, the PML-RAR-a fusion product is
consistently expressed. 17

There is now considerable evidence to suggest that the chi-
meric receptor resulting from t( 15;17) causes leukaemia by inter-
fering with the normal functioning of the RAR, which results in
the blockade of retinoic acid (RA)-mediated differentiation. IS

Subsequently, four types of chromosomal translocations have
been described in APML. These lead to reciprocal translocations
ofthePML(Ch 15),PLZF(Ch ll),NUMA(Ch 11) andNPM(Ch
5) genes to the RAR-a gene (Ch 17). These are seen in 95%, <5%,
<1% and <1% of APML, respectively."

RAR-a are members of the nuclear hormone receptor super-
family; they heterodimerize with RXR (another group of dis-
tinctly different RARs). These heterodimers bind to specific
DNA sequences known as RA response elements." In the
absence ofRA, they recruit a protein complex containing nuclear
co-repressors (N-CoR and mSin3) and histone deacetylases."
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Deacetylation of histones by this complex might result in chroma-
tin assembly and transcriptional repression. Retinoic acid induces
the disassociation of this complex and recruitment of co-activator
proteins that either directly or indirectly acetyl ate histone, causing
a conformational change of the chromosome in the vicinity of RA
target genes which favour transcription." Genes regulated by the
RA receptor elements include a wide variety of cytokines, their
receptors, regulators of the cell cycle, cell surface adhesion mole-
cules and regulators of apoptosis. 18 Thus RA sets off a cascade of
events which leads to differentiation (Fig. 1).

The exact physiological role of the PML gene is unclear. In
vitro studies suggest that it has a strong antiproliferative and pro-
apoptotic function. It was also demonstrated that even in normal
myeloid cells, RA-induced differentiation required the PML gene."

The blockade to differentiation caused by these translocations
can be overcome by the use of pharmacological doses of RA, an
exception being the PLZF-RAR -o translocation. In this translo-
cation, the resulting PZLF-RAR-a fusion product binds more
avidly to the repressor and this binding cannot be overcome even
with pharmacological doses of all-trans-retinoic acid (ATRA).24
This explains the effect of ATRA in bringing about differentiation
of blast cells in APML as well as the resistance seen in cases with
a PLZF-RAR-a translocation."

Acute promyelocytic leukaemia may be the only sub-type of
leukaemia in which a malignant transformation occurs at the level
of the committed progenitor, rather than at the level of the
primitive haematopoietic stem cell." The PML-RAR-a fusion
molecule is frankly cytotoxic to most cell lines, including various
haematopoietic ones," hence if this mutation were to arise in any
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cell other than a promyelocyte it would be fatal for the cell
involved. It would thus appear that the promyelocyte has to be
uniquely permissive to this mutation and that it is the lineage that
selects the mutation and not vice versa."

Mechanism of action of arsenic trioxide
The mechanism by which arsenic trioxide induces remission in
APML is still under evaluation. While some aspects of its cellular
effects are clear, the molecular basis of these effects are yet to be
defined. Initial in vitro studies suggested that it induces apoptosis
in APL (NB4) cell lines by downregulation of Bcl-2.4 However,
the clinical observation that a leucocytic response consistently
followed the administration of arsenic trioxide in a subset of
patients was suggestive of a differentiating process, as seen
following the use of ATRA. The same authors subsequently
reported that in fact arsenic trioxide had a dual effect on these cell
lines; there was partial differentiation at low doses (0.1-0.5
mmollL) and preferential apoptosis at higher doses (0.5-2
mmol/L)", This has subsequently been demonstrated indepen-
dently by a number of other groups.v?

The exact mechanism by which arsenic trioxide brings about
differentiation is not clear. It is probable that one of the mecha-
nisms involved could be degradation of the PML-RAR-a fusion
product. 5 Whatever the mechanism, the differentiation induced by
arsenic trioxide is very different from that seen with ATRA-it is
incomplete with the former and usually proceeds only till the
myelocyte stage following which apoptosis appears to be the
predominant mode of action.'

The apoptosis seen with arsenic trioxide appears to be medi-
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FIG 1. A. Normal receptors: RAR-a heterodimerizes with RXR and binds to regions on chromosomes called retinoid response elements,
they recruit various repressors including histone deacetylase which prevents gene expression. When these receptors bind retinoic acid
or all-trans retinoic acid, they result in these receptors losing these repressors which in turn leads to conformational changes in the
chromosome resulting 'in gene expression. B. With PML-RAR-a chimeric product: The affinity for the repressors bound to the
receptors is increased and cannot be overcome by physiological levels of retinoic acid. However, at pharmacological doses this affinity
can be overcome. .
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ated by a downregulation of Bcl-2 and increased expression of
cysteine proteases (caspases)." Recent evidence suggests that
arsenic could also induce apoptosis through activation of the jun
kinases in a p53-independent pathway."

In vitro, arsenic trioxide also appears to reorganize a nuclear
organelle known as the PML oncogenic domain (POD) which is
disrupted following the PML-RAR-a fusion; this appears to be
one of the additional mechanisms by which it induces apoptosis.
These nuclear organelles, also known as PML nuclear bodies, lie
in close relationship to chromatin and are distinct from nucleoli
and spliceosornes." They are composed of at least 20 component
proteins, some of which (e.g. BAX, p27KIPI) are proapoptotic
and important in normal cell regulation. In the presence of PML-
RAR-a there is delocalization resulting in an antiapoptotic effect.
In vitro studies have demonstrated that arsenic-induced apoptosis
is preceded by recruitment of proapoptotic proteins into these
structures." However, recent data contradict this observation by
suggesting that this growth suppression and apoptosis is indepen-
dent of PML and PML-RAR-a expression and can be seen in
various other cell lines, including PML-/- fibroblast cell lines.?

Arsenic compounds also bind to sulphydryl-rich proteins/
enzymes and affect their function. The important protein in this
group is glutathione, and a reduction in its level could lead to
increased oxidative stress, DNA damage and apoptosis.P:" This
mechanism could be potentiated by the use of ascorbic acid which
decreases glutathione levels in a variety of cultured tumour cell
lines Y·33

Thus, no single mechanism can explain all the effects seen with
arsenic trioxide. It probably acts at multiple levels and its effect
can vary with the concentration ofthe drug. Additional factors are
still in the process of being defined, and understanding these could
be crucial to maximizing efficacy while reducing toxicity.

PHARMACOKINETICS, DOSE AND SCHEDULE OF
ARSENIC TRIOXIDE
In the initial study carried out by Shen et al. 11 a dose of 10mg a day
of arsenic trioxide was given to adults until CR was achieved.
Subsequently, a break of 30 days was given and a second course
administered for 28 days. This dosage schedule was based on their

TABLEI. Arsenic trioxide study protocol

Induction: 10 mg/day till complete remission (maximum: 75 days)
followed by 4 weeks rest

Consolidation*: 10 mg/day for 4 weeks followed by 4 weeks rest
Maintenance*: 10 mg/day for 10 days, once a month for 6 months

Guidelines for administration of hydroxyurea during induction

Total leucocyte count Dose ofhydroxyurea

<5000/cmm
>5000-10000/cmm
>10 000-15 OOO/cmm
>15000-20000/cmm
>20000-50000/cmm
>50000/cmm

Nil
500 mg o.d.
500 mgb.d.
500 mgt.i.d.
500 mg q.i.d.
1000 mg q.i.d.

'administered if in complete remission

earlier experience with native Chinese medicine and not on
clinical trials.

Pharmacokinetic studies done by this group at the above
dosage demonstrated that mean peak plasma levels of 6.85 mmollL
(range: 5.54-7.30) were achieved. The tY2a and tY2 p were
0.89±0.29 hours and 12.13±3.31 hours, respectively, and these
parameters did not change with continuous administration. It was
also demonstrated that the predominant route of excretion was
through the faeces (900 mg/day) while relatively smaller amounts
were excreted in the urine (50 mg/day). Though the cumulative
level of arsenic increases in the body with continuous administra-
tion, its excretion in the urine continues even after the administra-
tion of arsenic trioxide has been stopped, leading to a gradual
decrease in the cumulati ve amount in the body. Interestingly, this
group demonstrated that the peak levels reached in tissues such as
hair and nail were seven times more than the baseline levels in
these patients, though they were still below the upper limit of
normal reported in healthy individuals. Subsequent studies have
used similar dosages of arsenic trioxide. Soignet et al. 8 also used
a similar dose for adults and a dose ofO.15 mg/kg/day for children.
They found that arsenic trioxide is active in APML in doses
ranging from 0.06 mg/kg/day to 0.2 mg/kg/day. They did not find
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Fig 2. Each line adjacent to the serial number on the 'y' axis illustrates the duration of follow up of each
of these patients. Symbols on these lines indicate times at which samples for RT-P"CRwere .
taken. •. Indicates RT-PCR positive. At diagnosis RT-PCR was positive in 13 patients, while in
one patient a sample was not available (this patient's karyotype was positive for t(15;17)).
D Indicates RT-PCR negative. Eight of the ten patients who are alive are in molecular remission.
• Indicates dead. Four patients died, all were early deaths.
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any difference in efficacy within this range, but at higher doses the
toxicity increased significantly. 34 '

The dosage schedule of arsenic trioxide after achieving CR
varies. Most studies give a break of 4 weeks followed by a second
consolidation course varying from 28 days to 6 weeks.v":" Sub-
sequent therapy with arsenic trioxide alone has been addressed
only by Niu et al:" They administered the drug for 28-30 days
every 30-60 days for the first year and for 7-14 days every 2
months for the next two years. The protocol used at our institution
is based on the above data. The maintenance schedule of 10 days
per month for 6 months is, however, based more on intuition than
on any scientific data (Table I).

CLINICAL EXPERIENCE WITH THE USE OF ARSENIC
TRIOXIDE IN APML
The earliest clinical data available on the use of arsenic trioxide in
the treatment of APML is from China. 1O,3S In these studies, the CR
rate achieved varied from 65.6% to 84% and long term survival
(>10 years) was seen in 9 of 32 patients in one of these studies."
Four other major trials8,11-13 and a few case studies have been
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reported,":" which predominantly involved patients with a re-
lapse of APML.

At our centre, we have treated 14 newly diagnosed cases of
APML with arsenic trioxide as a single agent, as part of an
ongoing trial approved by the Research and Ethics Committee of
our institution. Arsenic trioxide was prepared in-house by the
hospital pharmacy. Specified quantities of arsenic trioxide (AR
grade from SD Fine Chemicals Ltd, Boisar, India) were dissolved
in sterile, pyrogen-free distilled water at 60 °C for 20 minutes and
supplied as 10 ml vials at a concentration of 1 mg/ml. The
approximate cost of each vial was Rs 18.

The baseline characteristics, response to therapy, number of
patients who completed therapy, cumulative dose of arsenic
trioxide, duration of clinical response and molecular remission
achieved are summarized in Tables II and III and in Fig. 2. Among
the 14 patients, there were 4 early deaths, 3 related to intracranial
haemorrhage and 1 to uncontrolled sepsis. Though the remaining
10 patients achieved CR, 1 patient developed an isolated central
nervous system relapse while on treatment but achieved a second
CR on further therapy." All 10 patients continue to remain in CR

TABLEII. Baseline characteristics of patients treated at our centre

Age/Sex Haemoglobin Total Platelet Lactic Prothrombin Activated Bone marrow
(g/d!) leucocyte count dehydrogenase time* partial thrombo- Blasts (B)

(x1091L) count (xJ09lL) (jl!L) plastin time* andpromyelocytes (PM)

191M 5.3 2.8 15 383 16.5115 26.4127 imprints replaced by B+PM
271M 10 3.7 8 1219 17114 25/30 95%B+PM
161M 4.5 6.7 2 892 18/15 43/29 59%B+PM
281F 9.4 1.4 47 378 14.6/14 23.9128 66%B+PM
141F 3.7 1.6 16 481 10.1/10 31128 79%B+PM
211F 11 1.2 12 403 10.2/11 18.9/30 37%B+PM
461F 5.7 0.5 30 640 12.5/11 30.6/30 imprints with 65% B+PM
281M 7.1 1.9 20 708 12.3111.4 33/29 53%B+PM
141F 6.1 1.9 89 561 12/11.5 28129.6 imprints replaced by B+PM
171F 14 6.7 20 1520 17.6111.2 33/30 imprints with 55% B+PM
331F 10 20.2 11 760 18.5/11.6 42/30 64%B+PM
301M 9.7 21 17 2000 17/10 59/30 imprints with 85% B+PM
71F 9.5 9.8 2 493 12.6/11.7 23.8/28 90%B+PM
151F 6 5.8 14 668 11110 33/31 80%B+PM

·all figures are patient/control (in seconds)

TABLEIII. Summary of response to arsenic trioxide, time to complete remission, status at last follow up,
cumulative dose and hydroxyurea used in patients treated at our centre

No., Response Days Completed Status at last Cumulative Hydroxyurea Days for which
to arsenic toCR therapy follow up dose ofarsenic used in hydroxyureaused
trioxide trioxide (mg) induction (cumulative dose)

1 CR 70 Yes CR 1760* Yes 21 (40.5 g)
2 earlydeath na na died 30 No na
3 early death na na died 200 No na
4 CR 50 Yes CR 1380* No na
5 CR 60 Yes CR 1480* Yes 4 (2.5 g)
6 CR 52 Yes CR 1400* Yes 11 (14 g)
7 CR 34 Yes CR 1220* No na
8 CR 55 No CR on Rx 1230 Yes 11 (11.5'g)
9 CR 47 No CR on Rx 950 No na
10 earlydeath na na died 40 No na
11 CR 58 No CRonRx 880 Yes 2 (3 g)t
12 earlydeath na na died 40 No na
13 CR 43 No CRonRx 355 Yes 15 (15.5 g)
14 CR 54 No CR on Rx 540 Yes 10 (8 g)

na not applicable CR complete remission CR on Rx complete remission on treatment • completed therapy t received daunorubicin
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TABLEIV. Summary of studies of arsenic trioxide in acute promyelocytic leukaemia

Author (year) n Status CR(%) Dose Leucocytosis Mean time to FolJowup
(mglday) (%) CR(days)

Shen et al." (1997) 15 II first relapse 14/15 (93) 10 5/15 (33.3) 38 Not available
2 second relpse
2 third relapse

Soignet et al.8 (1998) 12 5 first relapse 11112 (92) 10-15 6/12 (50) 33 1 died of intracranial bleed
4 second relapse Children: 3111relapsed
3 third relapse 0.15 mg/kg 8111 CR (median follow up 5
(2 post- months)

allogeneic
transplant)

Huang et al." (1998) 7 4 first relapse 417 (57) 10 Not available Not available 2/4 relapsed
3 second relapse 2/4 CR (median follow up 15
(5 refractory) months)

3 died: I acute renal failure,
I refractory, I idiopathic
interstitial pneumonia

Niu et al. 13 (1999) 58 II newly 8/11 (72.7) 10 8/11 (72.7) 30 8111 newly diagnosed in CR
diagnosed (median follow up 12 months)

47 relapsed 40/47 (85) 10 26/47 (55) 31 33/47 relapsed cases follow up
43 first; 2 second; data available: 21133 CR at
2 third 12 months

Our study 14 All newly 10/14 (71) 10 7110 (70) 58 3 died (two day 3, one day 4):
diagnosedcases intracranial bleed

I died (day 21): sepsis
I central nervous system
relapse: second CR

10/14 CR (median follow up
15 months)

CR complete response

TABLEV. Comparison of side-effects in reported studies of the
use of arsenic trioxide

Side-effect Shen Soignet Huang Our
et al," et aU et al:" study
(n=15) (n=12) (n=7) (n=lO)

Skin changes 4 0 2 6
Gastrointestinal discomfort 4 na 6 2
Hepatic dysfunction (mild) 2 0 1 2
Electrocardiographic changes 2 I 2 na
Neuropathy 0 2 2 4
Arthralgia/myalgia 2 na 0 1
Weight gain na na 6 3
Pleuro-pericardial effusions 0 0 5 I
ATRA-like syndrome 0 2 0 I
Haemorrhage from 2 0 0 0
teeth, nose and skin
Bone marrow suppression 0 0 0 0

na not available ATRA all-trans retinoic acid

at a median follow up of 15 months (range: 2-33). In comparison
to a standard course of chemotherapy with ATRA which costs
approximately Rs 500 000 at our institution, the cost of treatment
with arsenic trioxide was mainly related to the cost of supportive
therapy during induction, which, on an average, was Rs 60 000.

The results of other major trials and our experience are summa-
rized in Table IV, and the toxicity experienced in these trials is
summarized in Table V.

In the initial trial carried out by Shen et aI., 11 15 patients who
had relapsed following standard chemotherapy received arsenic
trioxide, and 10 of these received it as a single agent. In the latter

group, a 90% CR was achieved and in the only patient who failed
to achieve CR the characteristic t(15; 17) could not be demon-
strated on karyotyping nor was the PML-RAR-a transcript ex-
pressed. Soignet et al. 8 noted that there was a very high response
rate in spite of these patients being heavily pre-treated arid in poor
general condition. Eight out of 12 patients required intensive care
following relapse and 5 required endotracheal intubation and
ventilatory support during therapy. Minimal side-effects were
observed in these two trials and none required discontinuation of
therapy. The groups recently presented their updated experiences
at the American Society of Hematology (ASH 2000) meeting. Till
then, they had treated 52 patients who had relapsed following
standard chemotherapy and had achieved an 87% response rate.
Of the 45 patients who achieved CR, 31 patients (69%) are still
alive at a median follow up of 18 months." In contrast to these
trials, Huang et al. 12 from Hong Kong found a poorer response to
therapy (57% CR) and significantly more side-effects (Table V).
In the latter trial, 5 out of 7 patients were heavily pretreated and
refractory to chemotherapy. This could have contributed to the
poorer outcome. However, the number of patients in all these trials
was too small to make comparisons. More important was the
conclusion that arsenic trioxide is definitely effective in treating
patients with relapsed APML and that it is effective even in those
who are resistant to ATRA.

Niu et al." treated 11 newly diagnosed and 47 relapsed cases
of APML with arsenic trioxide. In these two groups CR was
achieved in 72.7% and 85.1 % of cases, respectively.

Post-remission induction therapy in patients with relapsed or
newly diagnosed APML who had received arsenic trioxide has not
been addressed systematically. The earlier experience with ar-
senic trioxide as a single agent, as used in Chinese native medi-



220

cation, showed a lO-year disease-free survival of 28%.1l These
early trials were not standardized and it is difficult to extrapolate
their data to the current regimens. Niu et al. 13have addressed this
issue with relevance to the currently used schedules and have
demonstrated that chemotherapy following remission induction is
significantly superior to consolidation with arsenic trioxide as a
single agent.

Molecular remission following the administration of arsenic
trioxide as a single agent has been noted in a number of stud-
ies.8.II.I3.37Soignet etal. 8found 8 of 11evaluable cases to be PML-
RAR-a negative at the end oftwo courses of arsenic trioxide. The
first course was administered till CR, while the second course was
administered for 3-6 weeks after achieving CR for a period of 25
days. The 3 who did not achieve molecular remission relapsed.
Shen et al. IInoted that 1of 10patients evaluated was in molecular
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remission at the time of CR. Niu et al.13found that 4 of the 5 cases
of newly diagnosed APML evaluated at CR were positive for the
PML-RAR -o transcript on reverse transcriptase-polymerase chain
reaction (RT-PCR). Of these, 3 became negative after 1-3 months
of consolidation with chemotherapy. Fourteen of the 15 cases of
relapse of APML were positive at the time of achieving CR and of
these, 5 achieved molecular remission after subsequent therapy.
The time interval at which RT-PCR analysis was done varied
widely between these patients.

Long term follow up data are lacking in these studies; the exact
time frame and cumulative arsenic dose at which molecular
remission is achieved and its significance on disease-free survival
are not clear.

An interesting aspect of therapy with arsenic trioxide is the
variable leucocytic response of patients treated with the drug;

DAYS

FIG 3a. Leucocytosis seen following initiation of arsenic trioxide in 6 patients. An additional patient
who received daunorubicin for a retinoic acid-like syndrome and also had leucocytosis is not included

9

8

" ,
7 t,

,
6

\,
,

;! 5 r ! ,
0~ ,
X 4 ,

3

2

DAYS

FIG 3b. Three patients who received arsenic trioxide and went into complete remission did not have
leucocytosis
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approximately 30%-50% have leucocytosis following initiation
of therapy while this effect is not seen in the remainder. The
significance of this differential response is not clear. We observed
that patients with the hypergranular variant of APML who
develop leucocytosis following initiation of therapy ,have a tripha-
sic response-an initial leucopenia at diagnosis followed by
leucocytosis and a second phase of leucopenia prior to achieving
CR (Fig. 3a). Patients who do not show leucocytic response have
prolonged leucopenia though the proportion of neutrophils steadily
improves and the leucopenia gets corrected in 30-50 days (Fig.
3b). One of our patients had an isolated central nervous system
relapse after achieving CR following therapy with arsenic triox-
ide." This patient went into a second CR following therapy with
cranial irradiation (2400 rads in 12 fractions), triple intrathecal
therapy and an additional 4-week course of arsenic trioxide. He
subsequently completed his maintenance therapy as scheduled
and has remained in CR for more than 17months since completion
of therapy.

Following the introduction of ATRA into the chemotherapy
regimen of APML it was noticed that there was a higher incidence
of extramedullary relapse. This is believed to be due to the
upregulation of cellular adhesion molecules (CD 151LeX,CD 11b
and CD45RO) which bind to ICAMI and VCAMI expressed on
the endothelial surface; the latter are also upregulated by ATRA.42.43

More recently, it has been demonstrated that the differentiation
induced by ATRA promoted the acquisition of P-2 integrin-
dependent firm adherence and transmigration of the promyelocytes
through the endothelium.t' It was thus hypothesized that ATRA-
mediated differentiation could favour the migration of differenti-
ating blasts into the skin, central nervous system and other tissues,
resulting in a reservoir of viable blasts which could proliferate at
a later date.

It is possible that a similar upregulation of adhesion molecules
as seen with ATRA therapy occurs with the use of arsenic trioxide.
It has also been demonstrated in animal experiments that the
choroid plexus protects the brain against toxic metals such as
arsenic, by concentrating the metal up to 40 times, thereby
reducing the levels in the brain and cerebrospinal fluid." These
two mechanisms could theoretically contribute to an increased
incidence of central nervous system relapse in patients treated
with arsenic trioxide. This could be of some concern in future
protocols which would utilize arsenic trioxide either as a single
agent or as part of multi -agent therapy in the treatment of APML.
However, isolated central nervous system relapse has not been
documented in any published study, probably due to the small
numbers.

TOXICITY PROFILE OF ARSENIC TRIOXIDE
Overall, the side-effects noted in the trials with arsenic trioxide
were minimal. The usual adverse effects that occur with standard
chemotherapy such as myelosuppression, hair loss, severe vomit-
ing and exacerbation of the underlying coagulopathy were not
seen. Of importance was the absence of early mortality related to
therapy.

However, Niu et at. 13 have shown that 7 outof 11of their newly
diagnosed patients with APML had evidence of hepatic toxicity,
which included two deaths. In the group of relapsed patients, one-
third of the cases had evidence of hepatic toxicity. Based on these
data, they recommended that the drug should not be used for initial
therapy but reserved only for patients who relapse following
standard chemotherapy; These data are in contrast to our own
experience and other published studies where a similar hepatic

toxicity profile was not seen. Cardiac toxicity in the form of
prolonged QT interval and ventricular tachycardia has been docu-
mented on continuous ambulatory electrocardiographic monitor-
ing." More recently, 3 cases of torsades de pointes have been
reported in patients treated with arsenic trioxide."

An ATRA-like sydrorne'" has been reported following the use
of arsenic trioxide. Camacho et al.49 noted it in 8 of the 26 patients
they studied. In our experience, a classical ATRA syndrome was
seen in 1 of 11 evaluable patients. There have been no reports of
death secondary to an ATRA syndrome following the use of
arsenic trioxide. Though the data are limited, it would appear that
the severity of the ATRA syndrome, even if it occurs, is less
following the use of arsenic trioxide.

The lethal dose recorded in the literature is a single dose of
more than 100 mg. II At the relatively small doses used in the
treatment of APML, the toxicity profile has been favourable with
acceptable acute complications, though the chronic complications
at these doses are yet to be defined. An issue of some concern is
the possibility oflate secondary malignancies as a result of chronic
exposure to arsenic as seen in one of our patients.

In vitro data suggest that there could be permanent defects
related to the inhibition of methylation of DNN° and the large
deletional mutations related to the generation of reactive oxygen
species." This theoretical concern is in contrast to the available
clinical data. In early reports from China there was no increase in
secondary malignancies in patients followed up for 10 years. I I A
similar observation was made in 1982, in a cohort of 479 patients
who had been treated with Fowler's solution (potassium arsenite)
for durations varying from 2 weeks to 12years during 1945-1969.
The median cumulative dose in this cohort was 448 mg, and there
was a marginal increase in fatal and non-fatal skin cancers but no
increase in the incidence of internal malignancies." However,
caution is required with regard to secondary malignancies and the
issue of a safe cumulative dose needs to be addressed.

FUTURE ROLE
While there is no doubt as to the efficacy of arsenic trioxide in the
management of APML, its position in the algorithm for the
treatment of APML is yet to be defined. Proponents for arsenic-
based therapy would argue that it needs to be included as a front-
line drug in view of its favourable toxicity profile, low incidence
of early treatment-related mortality and additional mode of action
against malignant promyelocytes. A more conservative approach
would be to limit its role to induction of remission in patients who
relapse following standard chemotherapy. The latter approach is
justified since data available are limited, long term side-effects are
not well defined, its effect on the duration of remission in combina-
tion with standard chemotherapy is not known and, more impor-
tantly, standard chemotherapy by itself can achieve> 70% cure.

There are preliminary in vitro data to suggest that arsenic
trioxide and ATRA have a synergistic action on APL cell lines. 53

Whether the addition of arsenic trioxide to standard ATRA
followed by a chemotherapy schedule would further improve this
cure rate needs to be addressed. To evaluate this, a multicentre
study is being considered in the USA.30Other issues such as the
role of agents which have been shown by in vitro data to promote
apoptosis in APL cell lines need further clinical trials. These
agents include histone deacetylase inhibitors such as sodium
butyrate and trichostatin, and others that reduce glutathione levels
such as ascorbic acid.

At present, there is no scientific evidence to suggest that
arsenic trioxide is effective in the treatment of other haematological
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malignancies, though numerous trials are being conducted world-
wide on various haematological and non-haematological malig-
nancies.

In our experience, for patients in India who cannot afford
standard chemotherapy, arsenic trioxide as a single agent is safe,
effecti ve, inexpensive and a good option. The optimal regimen and
cumulative dose that can be tolerated, however, need to be
determined.
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