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Also, in a study conducted in south India, only 43% of the patients
receiving short-course chemotherapy (SCC; n=2306) and 35% of
those receiving non-SCC (n=105) completed 80% or more of their
treatment. 8 The changeover from fully supervised sanatorium
treatment to unsupervised domiciliary treatment has affected
compliance significantly. Poor compliance with treatment is an
important factor in the development of acquired drug resistance.

Other causes such as the use of a single drug either due to
ignorance or due to the use of penicillin/streptomycin combina-
tions, use of rifampicin for other diseases, economic constraints,
use of unreliable drugs with poor bioavailability, and erratic drug
supply to patients all seem to contribute to the development of
MDR- TB. Abuse of antituberculosis drugs by unqualified per-
sons or practitioners of alternative systems of medicine resulting
in bizarre regimens for inadequate periods is a problem frequently
encountered in India. The directly observed treatment -short course
(DOTS) strategy might be the solution to ensure compliance with
antituberculosis treatment.v'? .

Patients with acquired drug resistance can transmit drug-
resistant organisms to their contacts in whom primary MDR-TB
can develop. Most, but not all, such outbreaks have occurred in
HIV-infected individuals. HlV-infected individuals have a very
high risk of developing active tuberculosis. With the HlV prob-
lem increasing worldwide, the risk of tuberculosis is further
amplified. Treatment of MDR-TB has been difficult and may only
give response rates of the order of 50% with a high mortality rate
and persistent positive cultures. Only two-thirds of HIV-sero-
negative patients with MDR-TB respond to optimal antitubercu-
losis treatment and the cure rate in them has been 56%. Among
those infected with HIV and tuberculosis, the mortality has been
70%_80%.11,12All these factors point to a global disaster in the
making. If proper control measures are not actively pursued, the
prospect of returning to the era of untreatable tuberculosis seems
to be a frightening certainty.
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SUMMARY
The major drawback of cancer chemotherapy is the recurrence of the
disease in patients who initially achieved remission. Acute
promyelocytic leukaemia (APL) comprises 10%-15% of all cases of
acute myelogenous leukaemia (AML) in adults. Despite the addition
of all-transretinoic acid (ATRA) to the chemotherapeutic regime, the
relapse rate is about 20%. In APL a reciprocal chromosomal translo-
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cation of the retinoic acid receptor a. (RAR-a.) gene on chromosome
17 and the promyelocytic leukaemia gene (PML) on chromosome 15
takes place. The resulting fusion gene PML-RAR-a. codes for a
chimaeric protein which arrests myeloid maturation at the promyelo-
cyte stage.

Soignet et al. studied the effect of low-dose arsenic trioxide in 12
patients diagnosed to have APL by cytogenetic analysis, fluores-
cence in situ hybridization for a patient with t(15;17) translocation
and by reverse transcriptase-polymerase chain reaction (RT-peR)
assay of the PML-RAR -n fusion transcript. All the patients included
had relapse after standard therapy which included ATRA and cyto-
toxic drugs. At the time of entry to the study, all the patients had
complications related to relapse ofleukaemia, such as respiratory and
chronic renal failure.

The patients were treated with arsenic trioxide in doses ranging
from 0.06 to 0.2 mg/kg per day. Initially, the patients received 10-15
mg of arsenic trioxide intravenously as a fixed dose diluted in 500 ml
of 5% dextrose over a period of 2--4hours once a day. Later, the dose
was adjusted to 0.15 mg/kg daily until visible leukaemic blast cells
and promyelocytes were eliminated from the bone marrow and the
residual blast count was no more than 5% of the mononuclear cells
in the marrow. Patients who achieved complete remission were given
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an additional course after 3-6 weeks of initial therapy at a dose of
0.15 mglkg/day for a cumulative total of 25 days. Six such courses
were given over a period of 10 months. Eleven of the 12patients had
complete remission after treatment with arsenic trioxide. One patient
who entered the trial while on haemodialysis, died on day 5. After
two courses of additional therapy, 8 out of 11 patients, who were
earlier positive, tested negative for the PML-RAR-a fusion tran-
script by RT-PCR assay. The 3 patients who did not convert had a
relapse. Response was achieved after a median of 33 days of treat-
ment with a median daily dose of 0.16 mglkg. Complete remission
defined by bone marrow criteria was attained after a median of 47
days after initiation of therapy. The median peripheral blood leuco-
cyte count at the time of entry into the study was 4700/cmrn. Six
patients had leucocytosis which resolved during the course of treat-
ment. Immunophenotyping at the time of entry into the study and the
remission of bone marrowlblood mononuclear cells showed that
arsenic trioxide therapy induced simultaneous expression of both
CD-33 and CD-11b (associated with primitive and mature myeloid
element, respectively) at remission. These cells dominated the mye-
loid cell population for an extended period after complete remission.

Fluorescence in situ hybridization analysis was done to elaborate
on this co-expression. Cells co-expressing CD-33 and CD-II b were
analysed in the early and later phases of remission. A majority of cells
showed hybrid signals for PML-RAR-a gene indicating their origin
from the neoplastic clone. However, cells from the later phase of
remission showed distinct signals for PML and RAR-a genes (the
normal pattern). This indicated their normal haemopoietic progenitor
origin.

Western blot analysis of the protein extracted from the bone
marrow mononuclear cells showed upregulation of the caspase
enzyme system. The authors concluded that arsenic trioxide can
induce complete remission in patients with APL who have relapsed
after prior chemotherapy. They also suggested that arsenic trioxide
acts by partial but incomplete cytodifferentiation of leukaemic cells
followed by caspase activation and induction of apoptosis.

COMMENT
This study is a follow up of earlier studies on arsenic trioxide in
China.'> It has used an old concept to provide new hope to patients
with APL. The authors suggest that arsenic trioxide may also be
effective against other neoplastic diseases.

Arsenical compounds are potent environmental carcinogens
more known as co-mutagens and co-carcinogens for human skin
and lung. However, at low concentrations some arsenical com-
pounds have beneficial effects such as stimulation of human
haematopoiesis.' Arsenical compounds are used in traditional
medicine for diseases such as psoriasis, syphilis and rheumatoid
arthritis." In the mid-1900s, inorganic potassium arsenite (Fowler's
solution) was used to control an elevated leucocyte count in
chronic myelogenous leukaemia.v' Currently, an organic com-
pound of arsenic-melarsoprol-is used for the treatment of
Trypanosoma brucei infestation.'

Patients with APL have a very poor prognosis after relapse.
Recent studies in China showed that low-dose arsenic trioxide
was effective for the treatment of patients resistant to ATRA or
conventional chemotherapy and/or those who relapsed.!" In one
of the Chinese studies, arsenic trioxide induced complete clinical
remission in 65%-84% of cases (dose of 10 mg/day i.v. infusion
for 28-60 days) and 28% of the patients had a survival of more
'than 10 years. Surprisingly, most of these patients had neither
marrow depression nor other severe clinical side-effects during
treatment. There were complaints of headache, fatigue, muscu-
loskeletal pain, gastrointestinal symptoms like nausea, vomiting
and increase of some hepatic enzymes (alkaline phosphatase and
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serum transaminase). All these were well tolerated by the patients
and did not require the treatment to be stopped.'

The Chinese study also evaluated the pharmacokinetics of
arsenic trioxide. Plasma arsenic is rapidly eliminated and continu-
ous administration does not lead to its accumulation in plasma.
Arsenic (95%-97%) is bound to haemoglobin and rapidly enters
some tissues and organs.' The major route of excretion is through
urine (50 ug/day) and stool (900 ug/day) which continues even
after the drug is withdrawn."

The major drawback of this study, as acknowledged by the
authors, is that the treatment was not randomized. Also, arsenic
trioxide was not compared with other therapeutic modalities. All
the patients had major complications at the time of entry into the
study and during the course of treatment required hospitalization
as well as temporary suspension of treatment. However, there are
no data to suggest that treatment with arsenic trioxide aggravated
these complications. The other drawback is that there is no
information regarding the long term follow up and survival of the
treated patients.

Arsenic has a high affinity for the sulphydryl (-SH) group and
was found to be deposited in tissues rich in this group, e.g. nail,
hair and bone marrow. However, the levels decreased after
stopping the drug.'

In an earlier report," one APL patient who relapsed a third time,
had fulminant disseminated intravascular coagulation and was
resistant to conventional chemotherapy, showed a promising
result with arsenic trioxide in a higher dose (50 mg/day i.v.). The
patient was treated initially with 10 mg/day infusion for 11 days.
As there was no evidence of remission, the dose was increased to
50 mg/day for the remainder of the 28-day course. This escalated
dose had significant acute toxicity such as headache, high fre-
quency hearing loss (which resolved after stopping treatment) and
delayed toxicity such as severe sensorimotor polyneuropathy and
hyperpigmented hyperkeratotic dermatosis which persisted for
some time."

Flowcytometry of the peripheral blood of the patient showed
that arsenic trioxide induced a progressive decrease in the propor-
tion of myeloid cells expressing CD-33 (associated with primitive
myeloid cells) and increase in the proportion of myeloid cells
expressing CD-lIb (associated with mature myeloid elements)."

The possible mechanism of action of arsenic trioxide in micro-
molar concentrations on the NB-4 (human leukaemia) cell line
was by downregulation of the expression of bcl-2 (the anti-
apoptotic gene) at the m-RNA and protein level.' However, there
was no influence on the expression of bax, bcl-x ,p53, c-myc. The
net result of the unopposed apoptotic genes was prograrnrned cell
death of the APL cells. Soignet et at. have suggested that arsenic
trioxide also causes upregulation and activation of the caspase
enzyme system and induction of apoptosis. Another suggested
mechanism of action is the reorganization of the PML oncogenic
domain. The PML gene product, a phosphoprotein, has growth
suppressor properties like those of the Rb gene. The structure of
the PML oncogenic domain is destroyed in APL. Arsenic trioxide
was also found to degrade the PML-RAR-a, a chimaeric protein
responsible for arresting myeloid maturation at the promyelocyte
stage. It is interesting that pre-treatment with ATRA does not
influence arsenic trioxide-induced apoptosis."

This study has opened a new area in cancer chemotherapy.
However, randomized controlled trials are essential to establish
the effect of arsenic trioxide as an effective chemotherapeutic
agent in cancer patients. Till then, it will remain a rescue modality
for patients with APL who relapse after conventional therapy.
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