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                            Arsenic trioxide      
     Mark R   Litzow     
 Mayo Clinic, Division of Hematology, 200 First Street SW, Rochester, MN 55905, USA                           

  Background : The ancient drug, arsenic, has remarkable efficacy in the 
treatment of relapsed acute promyelocytic leukemia (APL) and this success 
has led to exploration of its use in other malignancies.  Objective : To 
provide an overview of the mechanism of action of arsenic and summarize 
its development in the treatment of APL and other malignant disorders. 
 Methods : A 20-year search of MEDLINE, EMBASE and Web of Science was 
conducted.  Results/conclusions : A series of clinical trials with arsenic trioxide 
has confirmed its benefit in the therapy of APL. Its role in the treatment 
of other malignancies remains to be determined. Careful attention to 
the clinical management of patients on arsenic trioxide therapy can 
significantly lessen the risk of major side effects.  

  Keywords:   acute promyelocytic leukemia  ,   apoptosis  ,   arsenic trioxide  ,   differentiation  

 Expert Opin. Pharmacother. (2008) 9(10):1773-1785     

  1.   Introduction 

 ‘Well, Mortimer, for a gallon of elderberry wine, I take a teaspoonful of arsenic, 
and add a half-teaspoon of strychnine, and then just a pinch of cyanide’   [1] . With 
these words, Aunt Martha describes to her nephew Mortimer how she and her 
sister Abby murdered lonely, elderly men in the famous play  Arsenic and Old Lace . 
This famous drama and arsenic’s storied history as a poisonous, homicidal agent, 
as well as the widespread health problems associated with chronic exposure to 
arsenic, have led to largely negative perceptions of it within the general public. 
However, arsenic also has a positive history as one of the oldest medicinal agents 
in the world, dating back to the time of Hippocrates   [2-5] . 

 Its modern history begins in the 1970s with studies in China using arsenic 
trioxide (As 2 O 3 ), which demonstrated achievement of clinical remissions in 
patients with acute promyelocytic leukemia (APL). Subsequent studies confirmed 
the remarkable efficacy of arsenic trioxide (AT) in the treatment of APL   [3] . 
This review will discuss the mechanisms of action of AT, its pharmacology, 
its clinical efficacy in APL and other malignancies and its toxicities and their 
management. Hopefully, the reader will see beyond what has been described 
as ‘the duplicitous nature of inorganic arsenic’ and realize the tremendous potential 
of this agent   [6] .  

  2.   Disease biology relevant to arsenic trioxide: acute 
promyelocytic leukemia 

 Acute promyelocytic leukemia was first recognized as a unique subtype of acute 
leukemia by the Swedish physician, Leif Hillestad, when he reported three patients 
who had a rapidly fatal course over several weeks’ duration, with disease features 
of a white blood cell morphology dominated by promyelocytes and a severe 
bleeding tendency secondary to thrombocytopenia and fibrinolysis   [7] . In 1976, 
the French-American-British (FAB) group designated APL as the M3 subtype 
of acute myeloid leukemia (AML)   [8] . 

 At approximately the same time, a balanced reciprocal translocation between 
the long arms of chromosomes 15 and 17 [t(15;17) (q22;q21)] was reported 
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by Rowley   [9] . This translocation was shown to disrupt 
the promyelocytic (PML) gene on chromosome 15 and the 
retinoic acid receptor- α  (RAR α ) gene on chromosome 17 
and resulted in the formation of two chimeric proteins, 
PML-RAR α  and RAR α -PML   [10-12] . A subset of patients 
who have APL but lack the t(15;17) have been identified. 
In the majority of these cases, the 17q21 breakpoint 
in RAR α  is disrupted and fused to alternative genes   [13] . 
Thus, the 17q21 locus appears to be crucial for the 
pathogenesis of APL. 

 The unique clinical feature of APL is the fatal bleeding 
and thrombosis that can occur early in the course of the 
disease and its treatment. Although the pathogenesis of 
the coagulopathy is complex, it appears to be related to 
a diffuse activation of coagulation with hyperfibrinolysis 
and proteolytic activity related to the hypergranular 
cytoplasm of the malignant promyelocytes   [14] . 

 The introduction of modern chemotherapy for the 
treatment of AML in the 1970s and 1980s led to the 
achievement of complete remissions (CR) in patients 
with APL, though only a third of patients were cured. 
The remainder died of hemorrhage or relapse. However, 
it was noted as early as 1973 that APL cells were quite 
sensitive to anthracycline chemotherapy drugs   [15,16] . 

 A major breakthrough in the treatment of APL came 
in the 1980s, when it was shown that oral treatment 
with all- trans -retinoic acid (ATRA) could put over 90% of 
patients into complete remission without development of 
bone marrow hypoplasia or aggravation of the bleeding 
diathesis   [17] .  In vitro  studies confirmed that the leukemic 
cells underwent differentiation and morphologic maturation 
in response to ATRA. However, most patients subsequently 
relapsed. Randomized trials combining ATRA with chemo-
therapy demonstrated the ability to induce CR in over 
90% of patients and produce long-term disease-free survival 
rates of 70% or more   [18] . 

 A unique feature of ATRA therapy was development 
of the retinoic acid (RA) syndrome. This syndrome can 
also be seen with arsenic trioxide therapy and is now more 
appropriately termed the APL differentiation syndrome. 
Early in the course of therapy with ATRA, some patients 
develop fever, weight gain, respiratory distress, pleural or 
pericardial effusions, interstitial pulmonary infiltrates, 
hypotension, and acute renal failure. Although the disorder 
can be fatal, prompt discontinuation of ATRA and institution 
of steroid therapy in the form of intravenous dexamethasone 
(10 mg twice daily) can reverse many cases   [19] .  

  3.   Introduction to arsenic trioxide 

  3.1   Chemistry 
 The chemical element arsenic has an atomic number of 33 
but is never found in its pure elemental state. Instead, it 
forms arsenates of potassium, sodium or calcium, or sulfides 
and oxides, which are toxic and chemically unstable. The 

three inorganic forms of arsenic are red arsenic (arsenic 
disulfide, As 2 S 2 , known as realgar or sandaraca), yellow arsenic 
(arsenic trisulfide, As 2 S 3 , known as arsenicum, aurum 
pigmentum, or orpiment), and white arsenic (arsenic trioxide, 
As 2 O 3 ). Organic arsenicals exist in a trivalent or pentavalent 
state and are linked covalently to a carbon atom   [2] . 

 After initial reports that an impure preparation of arsenic 
could induce remissions in APL, a purified form of inorganic 
arsenic (arsenic trioxide) was developed, and its efficacy in 
relapsed and refractory APL led to its approval by the Food and 
Drug Administration (FDA) in 2000 (Trisenox ® , Cephalon).  

  3.2   Pharmacokinetics of intravenous arsenic trioxide 
 Intravenous AT has usually been given either in doses of 
10 mg infused intravenously over 2 – 3 h once a day in 
Chinese studies, or in the FDA-approved dose of 0.15 mg/kg 
in 100 – 250 ml of 5% dextrose in water or 0.9% sodium 
chloride solution and infused over 1 – 2 h daily. 

 In some initial studies where 10 mg/day was infused, the 
peak level achieved in a study of 8 patients with relapsed 
APL was 5.54 – 7.3 µmol/l. Plasma arsenic was rapidly 
eliminated and 1 – 8% of the total daily dose was excreted 
in the urine   [20] . 

 A study utilizing a dose of 0.15 mg/kg found plasma 
concentrations of sodium arsenite and sodium arsenate with 
similar  C  max  values of 12.4  ±  8.4 and 10.2  ±  3.9 ng/ml, 
respectively, immediately after completion of administration, 
followed by a biphasic elimination. Steady-state plasma con-
centrations of inorganic arsenic were achieved with repeated 
administration. On Day 1, 20% of the daily dose was excreted 
in the urine; this figure was as high as 60% of the daily dose 
during subsequent weeks   [21] . These and other studies suggest 
that other pathways of excretion such as through the bile 
may play a part in the elimination of arsenic   [22] . 

 Pharmacokinetics of oral AT was assessed in a comparative 
study that suggested that the systemic bioavailability of 
arsenic was similar whether it was given orally or 
intravenously   [23] . Little or no data exist on the ability of AT 
to enter the cerebrospinal fluid (CSF). A man with APL in 
third relapse developed a severe headache with meningeal 
involvement with APL cells. He was treated with 
multimodality therapy including oral AT. Elemental arsenic 
levels were measured in the CSF and peripheral blood by 
mass spectroscopy and significant penetration of arsenic into 
the CSF in correlation with plasma levels was noted   [24] .  

  3.3   Mechanism of action 
 Arsenic trioxide has been described as an ‘anticancer missile 
with multiple warheads’, referring to its complex and 
multifaceted mechanism of action ( Figure 1 )   [25] . With the 
discovery of its activity in APL, studies began in earnest to 
elucidate the mechanism of action of AT. An important 
study indicated dose-dependent dual effects, with preferential 
apoptosis at higher concentrations and partial differentiation 
at lower concentrations. The degradation and rapid 
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modulation of PML-RAR α  proteins was thought to 
contribute to both of these effects   [26] . This degradation and 
modulation appears to occur, in part, via phosphorylation of 
PML by mitogen-activated protein kinases (MAPK) with 
subsequent increased sumoylation of PML and increased 
PML-mediated apoptosis   [27,28] . 

 The intracellular content of glutathione has a significant 
effect on AT-induced apoptosis, with cells with the lowest 
glutathione content appearing to be most sensitive to 
AT   [29-31] . It appears that the apoptotic effect of AT occurs 
predominantly in the G 2 M phase of the cell cycle with 
significant activation of caspases and poly ADP ribose 
polymerase (PARP) cleavage   [32] . 

 Another mechanism by which AT can induce apoptosis 
is through induction of intracellular reactive oxygen 
species (ROS); these ROS can, in turn, potentiate arsenic 
trioxide-induced apoptosis by other mechanisms   [33,34] . 
This effect can be attenuated by glutathione; thus, lower 

glutathione content as noted above can potentiate this 
effect. One study suggested that AT could inhibit vascular 
endothelial growth factor (VEGF) production and angio-
genesis and also cause apoptosis of endothelial cells, which, 
when activated, can release cytokines such as VEGF that 
stimulate leukemic cell growth   [35] . 

 Arsenic trioxide is known to induce activation of multiple 
kinases, which can induce apoptosis in APL and other 
leukemia cell lines. Some of these kinases include c-jun 
 N -terminal kinase (JNK)   [36,37]  and RAS-MAPK   [38-40] . 

 Arsenic trioxide’s broad effects on protein degradation 
can also be manifested by downregulation of telomerase, 
with subsequent telomere shortening and cell death   [41]  
and downregulation of Wilms’ tumor gene ( wt-1 ), which 
is upregulated in many subtypes of AML   [42] . 

 AT has been shown to downregulate B-cell lymphoma 
(BCL)-2 gene expression at the mRNA and protein levels   [43] , 
and this can be enhanced by using antisense 
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  Figure 1     . Cellular targets of arsenic trioxide.  Arsenic trioxide targets multiple pathways in malignant cells, resulting in apoptosis 
or in the promotion of the differentiation program. Objects highlighted in gray are potential molecular targets for arsenic trioxide 
and arsenite.    
   Reproduced with permission  [46] .   
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oligodeoxynucleotides to BCL-2 to increase the sensitivity of 
leukemic cells to AT   [44] . 

 The transcription factor NF- κ B has antiapoptotic effects 
and ATRA-induced NF- κ B activation in APL cells can 
prolong the lifespan of mature cells. Investigators have 
shown that AT can overcome the antiapoptotic effect of 
ATRA-induced NF- κ B activity   [45] . 

 An extensive literature documents engagement of AT in 
the activation of caspases. This is summarized in a review by 
Miller  et al.    [46] . Arsenic trioxide also appears able to inhibit 
 p -glycoprotein (PGP) expression in multidrug-resistant (MDR) 
human leukemia cell lines that overexpress the MDR1 gene 
by downregulating PGP expression, and thus can exert a 
synergistic effect in combination with adriamycin   [47,48] . 

 Additionally, AT has been shown to cause changes in the 
cellular microtubular network and caused formation of 
polymerized microtubules. This potentiation of tubulin 
polymerization may assist in arresting cell cycle at mitosis 
and inducing apoptosis   [49] . 

 ATRA can also amplify AT-induced phosphorylation of 
the retinoid receptor RXR α    [50] . The literature on the 
differentiating effects of AT is relatively sparse, but 
such effects have been suggested by data presented by 
Chen  et al.    [26]  and confirmed by Rojewski and 
colleagues   [51] . AT may also inhibit proliferation of various 
cell lines. One study suggested that low concentrations 
of AT synergize with cyclic adenosine monophosphate in 
inducing differentiation of APL cells   [52] . 

 Arsenic trioxide thus works through multiple mechanisms 
of apoptosis induction:  

 glutathione depletion   • 
 induction of intracellular reactive oxygen species   • 
 activation of kinases (e.g., c-jun  • N -terminal kinase)   
 downregulation of telomerases wt-1 and BCL-2   • 
 inhibition of NF- • κ B   
 caspase activation   • 
 inhibition of  • p -glycoprotein   
 potentiation of tubulin polymerization.    • 

 The predominant activity of AT is inducing apoptosis 
via a variety of pathways in malignant cells. AT has 
cytotoxic activity  in vitro  against a large variety of cancer 
cells of both solid-tumor and hematologic origin, and 
Gazitt and Akay have suggested that it may be a ‘universal 
anticancer drug’   [25] .   

  4.   Clinical effi cacy 

 There are several diseases in which arsenic trioxide has been 
studied  in vitro  or in clinical trials. Hematologic malignancies 
studied include:  

 acute promyelocytic leukemia (defi nite effi cacy)   • 
 multiple myeloma (possible effi cacy)   • 
 acute myeloid leukemia (possible effi cacy)   • 

 acute lymphoblastic leukemia (unknown effi cacy)   • 
 adult T-cell leukemia/lymphoma (possible effi cacy)   • 
 myelodysplastic syndrome (possible effi cacy)   • 
 non-Hodgkin lymphoma (possible effi cacy)   • 
 chronic myeloid leukemia (possible effi cacy).    • 

 Solid-tumor malignancies studied (all with unknown 
efficacy) include:  

 gastrointestinal malignancies   • 
 hepatocellular carcinoma   • 
 ovarian carcinoma   • 
 cervical carcinoma   • 
 neuroblastoma   • 
 sarcoma   • 
 malignant glioma   • 
 breast cancer   • 
 renal cell carcinoma   • 
 head and neck carcinoma   • 
 nasopharyngeal carcinoma   • 
 transitional cell carcinoma   • 
 lung carcinoma   • 
 prostate carcinoma   • 
 germ-cell malignancies   • 
 malignant melanoma.    • 

  4.1   Phase I trials 
 Only one Phase I trial of AT has been conducted. Cycles 
lasting 25 days every 3 – 5 weeks for patients with advanced 
hematologic malignancies demonstrated that doses up to 
0.25 mg/kg/day were well-tolerated   [53] .  

  4.2   Acute promyelocytic leukemia 
 In 1992, Chinese investigators demonstrated that an 
intravenous infusion of ‘Ailing-1’, which was a crude solution 
made up of 1% AT with a trace amount of mercury chloride, 
induced CR in approximately two-thirds of patients with 
APL, with a 10-year survival rate of 30%   [54] . With the 
recognition that AT was the active agent in this treatment, a 
purified form administered intravenously at a dose of 10 mg 
daily was given to 15 APL patients in relapse; 9 of the 
10 patients treated with AT alone and all 5 of the remaining 
patients treated with a combination of AT and low-dose 
chemotherapy or ATRA achieved a clinical CR   [20] . 

 This led to a pilot trial in the United States where 
12 heavily pretreated patients with APL received AT, initially 
10 or 15 mg/day intravenously and with subsequent use of 
a 0.15 mg/kg/day dose to adjust for use in children. In this 
trial 11 of the 12 patients achieved a CR, with 8 of these 
11 testing negative for PML/RAR α  by reverse transcriptase 
polymerase chain reaction (RT-PCR) assay   [55] . 

 A subsequent United States multicenter study in 
40 patients in first (n  =  21) or  ≥  second (n  =  19) relapse 
gave AT for up to 60 doses. After one consolidation course 
of 25 doses, patients could receive up to four additional 
maintenance courses. In this study 85% achieved CR with 
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31 achieving a cytogenetic remission, and 86% of the 
patients were negative by RT-PCR. The 18-month 
overall and relapse-free survivals were 66% and 56%, 
respectively. This study indicated that AT can induce 
the APL differentiation syndrome; the 10 patients who 
developed the syndrome responded to dexamethasone   [56] . 
Another study showed that the incidence of the APL 
differentiation syndrome following treatment of APL 
with AT was 31%   [57] . 

 AT has also been utilized in newly diagnosed patients 
with APL. A study from Iran of 94 newly diagnosed patients 
and 17 relapsed patients demonstrated a CR rate of 86%, 
with 1-year and 2-year disease-free survivals of 88% and 
64%, respectively   [58] . A study from the MD Anderson 
Cancer Center combining ATRA and AT alone in 25 patients 
with low-risk disease (white blood count < 10  ×  10 9 /l) and 
in combination with gemtuzumab ozogamicin (GO) on Day 
1 of induction in high-risk patients induced a CR in 24 of 
25 low-risk patients and 15 of 19 high-risk patients. Three 
high-risk patients had recurrent disease but the other 
36 patients alive in first remission remained PCR-negative 
at last follow-up   [59] . 

 This apparent success of AT therapy as a single agent and 
the known efficacy of ATRA in APL led to studies combining 
the two agents. A trial from China treated 80 newly 
diagnosed and 28 relapsed patients with a combination of 
AT and low-dose ATRA. The results were compared to 
patients who had previously received AT or ATRA alone. 
Outcomes with AT plus ATRA were similar to AT alone 
and better than ATRA alone in terms of early mortality and 
complete remission rate. Days to CR were shorter with the 
combination therapy than with either ATRA or AT alone, 
and overall, it was felt that the combination was superior 
without an increase in side effects   [60] . 

 A small prospective trial from Shanghai comparing ATRA 
alone to AT alone or to the combination showed similar 
high CR rates of 90% or more, with a median number 
of days to CR of 25 with the combination compared to 
31 with AT alone and 40 with ATRA alone. All 20 cases 
that received AT plus ATRA remained in remission at the 
time of the report, whereas 7 of the 37 patients receiving 
either ATRA or AT had relapsed   [61] . 

 The first large randomized trial addressing the use of AT 
in the treatment of APL was the United States Intergroup 
Trial, which was reported in 2007. All patients received an 
initial induction with ATRA, daunorubicin and cytarabine. 
They were then randomized to receive or not receive two 
courses of AT at 0.15 mg/kg/day for 5 days/week for 
5 weeks. Subsequently, all patients received two consolidation 
courses of ATRA and daunorubicin, and patients in complete 
remission were then randomized to two different maintenance 
schedules. Event-free survival in the AT arm was 77% at 
3 years compared to 59% in patients who did not receive AT 
(p  =  0.0013). Overall survival was 86% at 3 years for the 
AT group and 77% for the standard group (p  =  0.029)   [62] . 

Randomized trials of AT plus ATRA vs ATRA plus 
chemotherapy in induction therapy are planned. 

 Traditionally, patients with APL who relapse are offered 
autologous or allogeneic blood or marrow transplantation 
(BMT) after reinduction therapy. Whether the results with 
AT are sufficiently good to allow patients not to receive 
transplants is not clear, based on retrospective studies. A 
study from China found the actuarial overall survival at 
2 years for AT therapy alone was 82%, being 43% for BMT 
and 23% for chemotherapy (p  =  0.0004)   [63] . However, a 
retrospective comparison of US patients shows that 86% of 
patients following AT therapy and BMT remain alive and in 
complete remission compared to 41% who received AT 
alone   [64] . At the present time, most investigators would still 
favor offering transplants to patients who have relapsed. 
Autologous transplant can be considered for patients who 
achieve molecular remission after reinduction with AT or 
other therapy, whereas allogeneic transplant should be 
considered for patients with persistent hematologic disease 
or molecular disease after salvage therapy   [65] . 

 Thus, AT has emerged as an important therapy in the 
treatment of APL and will probably have an increasing role 
in front-line therapy. Most patients receiving ATRA alone 
suffer a subsequent relapse, and thus in the past it has been 
essential to combine chemotherapy with ATRA to maximize 
outcome. AT will likely serve a similar function to 
chemotherapy, and this is probably related to the ability of 
AT to affect the leukemic stem cells in APL   [66] .  

  4.3   Multiple myeloma 
 The success of treatment of APL with AT as well as the 
broad mechanism of action of the drug has led to interest in 
treating other malignancies with AT. In multiple myeloma, 
preclinical trials have demonstrated that AT has similar 
mechanisms of action leading to cytotoxicity of myeloma 
cells as described in APL and other disorders   [67,68] . In 
particular,  in vitro  studies have shown that ascorbic acid 
depletes intracellular glutathione and enhances the efficacy 
of AT   [69] . Therefore, it has been combined with AT in 
clinical trials in several different diseases. 

 These observations led to clinical trials of AT in relapsed 
multiple myeloma. A Phase II trial of single-agent AT in 
relapsed multiple myeloma produced reductions in serum 
M-protein levels of 25% or more in 8 of 24 patients, and 
an additional 6 patients had stable disease. The median 
duration of response was nearly 20 weeks   [70] . 

 A combination of AT, melphalan and ascorbic acid was 
used to treat 10 patients. All 10 patients responded with 
reductions in serum M-protein levels, and 6 of 10 patients 
exhibited a sustained response   [71] . A subsequent Phase II 
trial in 65 patients who had failed two prior regimens with 
a twice-weekly schedule of AT and ascorbic acid combined 
with melphalan achieved objective responses in 31 
of 65 patients (48%) including 2 complete, 15 partial, and 
14 minor responses   [72] . A trial of AT with ascorbic acid 
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and high-dose melphalan with autologous hematopoietic 
stem-cell support randomized patients to high-dose melphalan 
alone or with the addition of two different doses of 
AT (0.15 or 0.25 mg/kg) on Days – 9 to – 3. Outcomes 
were similar in the three arms   [73] . 

 AT has also been combined with the new proteasome 
inhibitor bortezomib in combination with ascorbic acid  in vitro  
and  in vivo  in a mouse model with apparent synergy   [74] . 
This led to a Phase I/II study of this combination in 
22 patients who had failed a median of four prior regimens. 
Two partial and four minor responses were seen in 22 patients 
(27%), with a progression-free survival of 5 months   [75] . 

 It thus appears that AT has activity in multiple myeloma, 
though its exact role in the therapy of the disease remains 
uncertain at this time.  

  4.4   Non-APL acute myeloid leukemia 
 Based on the success of AT in APL,  in vitro  studies 
demonstrated the induction of apoptosis in non-APL acute 
myeloid leukemia   [76] . Several studies have assessed the 
efficacy of AT on acute megakaryocytic leukemia cell lines 
and demonstrated cytotoxicity   [77,78] . 

 In a Phase II trial of AT in relapsed and elderly patients 
with AML, 11 patients (median age 77) were treated with AT 
at a dose of 0.25 mg/kg daily up to a maximum of 60 days. 
All patients progressed and the median survival was 
2.25 months   [79] . A trial of the same dose of AT combined with 
ascorbic acid was tested in 11 patients. Complete remission 
or CR without full platelet recovery (CRp) was attained in 
2 patients, with a bone marrow response in 1 patient   [80] . 

 A Phase I/II study of AT 0.25 mg/kg, given on 
Days 1 – 5 and 8 – 12, combined with low-dose cytarabine, 
5 or 10 mg/m 2  subcutaneously on Days 1 – 14, with 
addition of ascorbic acid if there was a suboptimal response 
to the first cycle of therapy, was carried out in 57 patients 
with high-risk myelodysplastic syndrome (MDS) or 
poor-risk AML. Complete remission was achieved in 40% 
of the AML patients and 25% of the MDS patients. These 
results are encouraging but the exact role of AT in the 
responses is unclear   [81] . Based on these limited studies, 
the role of AT in non-APL AML remains uncertain.  

  4.5   Acute lymphoblastic leukemia 
  In vitro  studies suggested that AT may have efficacy against 
acute lymphoblastic leukemia (ALL) cell lines or sensitize 
leukemic cells to other agents such as dexamethasone   [82-84] . 
However, a Phase II trial of AT at a dose of 0.25 mg/kg/day 
for 11 patients with relapsed or refractory ALL did not 
show any evidence of response, and AT probably has 
little role to play in the therapy of ALL   [85] .  

  4.6   Adult T-cell leukemia/lymphoma 
 Adult T-cell leukemia/lymphoma (ATL) caused by the 
human T-cell lymphotropic virus type I (HTLV-I) is an 
aggressive neoplasm of mature activated T cells that is not 

usually responsive to conventional therapy. TAX, an HTLV-I 
transcriptional activator with transforming potential, appears 
to specifically delocalize the PML-associated protein Int-6, 
and this prompted studies to examine the effects of AT with 
or without interferon on ATL cells.  In vitro  studies demon-
strated synergy between AT and interferon- α  in inducing 
cell-cycle arrest and apoptosis in HTLV-I cell lines   [86] . 

 A study of AT given with or without interferon- α  to 
4 patients with relapsed ATL showed responses in the 
2 patients who received the two drugs, with a partial 
remission (PR) and improvement in thrombocytopenia, 
respectively   [87] . A Phase II trial of this combination in 
7 patients with relapsed or refractory ATL demonstrated 
1 CR and 3 PRs, with 1 patient remaining alive and 
disease-free at 32 months   [88] . Further studies of AT and 
interferon are warranted in this disease.  

  4.7   Myelodysplastic syndromes 
 There are some limited preclinical data justifying the use of 
AT in myelodysplastic syndromes   [89] . A clinical trial 
combining AT with thalidomide in 28 MDS patients led to 
responses in 7 of 28 patients, including 1 complete hemato-
logic and cytogenetic response and 1 patient with regression 
in spleen size   [90] . Two Phase II multicenter trials of AT and 
MDS, one in the United States and one in Europe, demon-
strated hematologic improvement rates of 39% in low-risk 
patients and 9% in high-risk patients in the United States 
and 26% in low-risk patients and 17% in high-risk patients 
in the European trial   [91,92] . Based on these relatively limited 
data, the role of AT in MDS remains investigational.  

  4.8   Non-Hodgkin lymphoma 
 As noted previously, AT has  in vitro  activity against malignant 
lymphocytes   [82,83] . Oral AT in combination with ascorbic 
acid and chlorambucil produced CR in two mantle-cell 
lymphoma cases and PR in two cases   [93] . A case report of 
disease improvement in a Burkitt-like lymphoma patient has 
also been reported   [94] . The role of AT in lymphoma remains 
uncertain at this time.  

  4.9   Chronic myelogenous leukemia 
 The activity of AT in chronic myelogenous leukemia (CML) 
is largely based on  in vitro  studies suggesting that AT inhibits 
translation of the mRNA of BCR-ABL, resulting in 
apoptosis   [95] . This has suggested a rationale for combining 
AT with imatinib mesilate   [96] . However, given the plethora 
of drugs approved and in development that are specific for 
BCR-ABL, it is unlikely that AT will play a significant role 
in the treatment of this disease despite the historical role it 
has played in the past.   

  5.   Clinical effi cacy in solid-tumor malignancies 

  In vitro  studies have demonstrated that AT induces 
apoptosis and inhibits telomerase activity and can inhibit 
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vascular endothelial growth factor in a variety of solid-
tumor malignancies. Clinical experience has been extremely 
limited, with only small trials reported in metastatic 
colorectal cancer   [97] , hepatocellular carcinoma   [98] , 
osteosarcoma and Ewing sarcoma   [99] , renal cell 
carcinoma   [100] , head and neck cancer   [101] , germ cell 
tumors   [102]  and malignant melanoma   [103] .  

  6.   Safety and tolerability 

 The most immediate side effect of AT therapy in APL 
is the APL differentiation syndrome, described earlier, 
which can occur with ATRA or AT   [19,57] . The etiology 
of the differentiation syndrome is not entirely elucidated. 
Differentiation of the APL blast does increase integrin 
expression on the cell surface and may cause increased 
extravascular extravasation of leucocytes   [104] . It also 
increases cytokine expression, as reviewed in an article 
by Camacho  et al.    [57] . 

 The other feared complication of AT therapy is cardiac 
arrhythmias. These can take the form of ventricular 
tachycardia, including torsade de pointes, and are related 
to frequent prolongation of the QT interval   [105-107] . In a 
series by Barbey  et al. , prolonged QT intervals developed 
in 38 of 99 patients treated with AT   [105] . The degree 
of prolongation was higher in men than in women 
and in patients with hypokalemia. In the Ohnishi study   [106] , 
8 patients all had prolonged QT intervals; 4 patients 
developed non-sustained ventricular tachycardia and 
required treatment with antiarrhythmic agents. Sui and 
colleagues studied 16 patients with electrocardiography 
and 24-h Holter monitoring at baseline and during 
and after oral AT therapy. The QT and QT c  intervals 
were significantly longer during AT therapy. No ventricular 
arrhythmias were observed   [108] . 

 The mechanism of QT prolongation with AT is not 
clearly worked out, although studies in guinea-pig papillary 
muscle have shown a prolongation of action potential 
duration, suggesting that AT has a direct effect on cardiac 
repolarization   [109] . In a series from the MD Anderson 
Cancer Center, atrial and ventricular arrhythmias were 
observed in 4 of 77 patients. Three of four African-Americans 
given AT developed arrhythmias, versus only 1 of 73 
non-African-American patients. The mechanism as to 
why African-Americans had an increased susceptibility 
to AT-induced cardiac arrhythmias is unclear   [110] . 

 Prior to commencing AT therapy, electrolyte measurements 
and ECG should be performed and any pre-
existing electrolyte abnormalities should be corrected. 
Drugs known to prolong the QT interval should be 
withheld. Electrocardiograms should be performed every 
1 – 2 weeks. Serum potassium and magnesium levels 
should be measured and corrected at least once a week. 
If the QT interval rises above normal, attempts should be 
made to increase potassium and magnesium concentrations 

into the high normal range. AT should be discontinued 
if the QT interval is > 500 ms   [111] . 

 Myelosuppression can occur with AT but is relatively 
infrequent, with grade 3 or 4 neutropenia or thrombocytopenia 
occurring in only 10 – 15% of patients and grade 3 or 
4 anemia in 5%   [56,112] . 

 The list of toxicities associated with AT in the 
Trisenox packaging insert extends over several pages and 
involves nearly every organ system. These include 
constitutional symptoms, gastrointestinal disorders, electro-
lyte abnormalities, respiratory complaints, nervous system 
disorders, musculoskeletal pain, psychiatric disorders, ocular 
disorders, and renal and urinary disorders, among others 
(Trisenox packaging insert, Micromedex)   [112] . 

 Chronic arsenic exposure can result in a variety of skin 
manifestations including hyperpigmentation, keratosis, 
squamous cell carcinoma, and bowenoid lesions   [113] . 

 Liver function test abnormalities can commonly occur 
and typically cause hepatitis, with increases in aminotrans-
ferases (rarely greater than five times normal) beginning 
about 5 – 10 days after drug administration   [114,115] . 
Peripheral neuropathy in a ‘glove and stocking’ distribution 
can occur in up to 10% of patients   [116] . 

 Interestingly, AT therapy has been associated with frequent 
varicella zoster reactivation, which developed in 26% of 
patients within a year of treatment with no preferential 
dermatomal involvement or systemic spread   [117] . Another 
study reported an increased incidence of herpes simplex 
infection after AT therapy   [118] . This increased incidence 
of viral infections is thought to be related to apoptosis 
of T-helper lymphocytes by AT. 

 Finally, there is concern that chronic exposure to arsenic 
could increase the risk of secondary malignancies as a result 
of DNA damage. An increased number of structural chromo-
somal abnormalities have been seen in rats chronically exposed 
to arsenic   [119] . A report of solid tumors, including nasopha-
ryngeal carcinoma and colonic adenocarcinoma, developing after 
treatment with AT has elevated this concern, although retro-
spective analysis suggested that these cancers may have been 
present prior to or shortly after the start of AT therapy   [120] .  

  7.   Regulatory affairs 

 Arsenic trioxide (Trisenox) was approved by the FDA in 2000 
for induction of remission and consolidation in patients 
with APL refractory to or relapsed from retinoid and 
anthracycline chemotherapy. Total development time for this 
indication was only 3 years, and the drug was approved as a 
priority and as an orphan drug in a 6-month timeframe.  

  8.   Ongoing and future clinical development 

  8.1   Acute promyelocytic leukemia 
 In a randomized trial, APL was shown to be of benefit in 
the consolidative treatment of newly diagnosed APL   [62] . It 
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has been used in the treatment of newly diagnosed patients 
with APL in small Phase II studies in combination with 
ATRA and gemtuzumab ozogamicin. The Southwestern 
Oncology Group will be leading an intergroup study of 
high-risk APL patients (white blood count > 10  ×  10 9 /l), to 
be known as S0535, which will combine ATRA with 
gemtuzumab ozogamicin and arsenic for induction therapy 
followed by consolidation and maintenance therapy. Studies 
are also being planned to compare AT plus ATRA to ATRA 
plus chemotherapy for induction treatment of newly 
diagnosed patients with APL.  

  8.2   Multiple myeloma 
 Studies remain in progress combining AT with ascorbic 
acid, dexamethasone, thalidomide and other agents to 
investigate its efficacy in this disorder. Its role in this setting 
remains investigational.  

  8.3   Other malignancies 
 Clinical trials are in progress to assess the role of 
AT combined with low-dose cytarabine for the treatment 
of elderly patients with AML. A Phase I/II study is 
assessing its role in combination with azacytidine for 
the treatment of patients with myelodysplastic syndrome. 
A combination study of AT with temozolomide and 
concurrent radiotherapy in patients with malignant glioma 
is underway. A combination of AT-targeted radiotherapy 
using  131 I- meta -iodobenzylguanidine combined with AT 
in patients with recurrent neuroblastoma or malignant 
chromaffin cell tumors is also being performed.  

  8.4   Arsenic derivatives 
 A large number of arsenic derivatives are in various 
phases of clinical development, including several oral 
formulations   [121] . Oral AT has been studied in a small 
number of patients and led to complete hematologic and 
morphologic remissions in many of these patients. Tetra-arsenic 
tetrasulfide is an oral formulation that achieves high rates of 
remission and disease-free survival in APL   [122,123] .   

  9.   Conclusion 

 AT has had a remarkable resurgence in the treatment 
of malignant disease, particularly in the setting of 
APL, where it has shown significant benefit in establishing 
durable clinical and molecular remissions in relapsed and 
newly diagnosed APL patients. Its role in consolidation 
therapy of newly diagnosed APL has recently been 
established, and its role in induction therapy of newly 
diagnosed APL patients is being defined. It is likely that 
it will play an ever-increasing role in the treatment of 
this disorder, which was once highly fatal but now 
appears to be highly curable. 

 The role of AT in the treatment of other malignancies 
and hematologic disorders is much less clear but continues 
to be explored in combination with other modalities of 
therapy. In parallel, the complex mechanism of action of AT 
continues to be unravelled.  

  10.   Expert opinion 

 A role for AT in the treatment of APL is clearly established, 
and it is highly likely that a regimen for treatment of APL 
that does not require any traditional chemotherapy drugs 
will be developed in the future. The administration of AT 
can be done safely if careful attention to electrolyte 
abnormalities and electrocardiographic monitoring is 
undertaken. What role it will play in the treatment of other 
malignancies remains to be determined.     
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