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ABSTRACT

Darinaparsin is a novel organic arsenic molecule synthesized by conju-
gating dimethylarsenic to glutathione. Its mechanism of action
involves targeted disruption of mitochondrial function, modified signal
transduction and inhibition of angiogenesis, leading to cell cycle arrest
and apoptosis. Darinaparsin is active against several hematological
and solid cancers both in vitro and in vivo. Data suggest that this
organic arsenical induces apoptosis by mechanisms different than
arsenic trioxide and can Kill arsenic trioxide-resistant cells. Darina-
parsin is less toxic than arsenic trioxide in human cells, and animal
studies showed that darinaparsin can be given at doses 5- to 10-fold
higher than the inorganic compound without damaging the heart.
Other dose-limiting toxicities of inorganic arsenicals such as damage
to the liver, bone marrow and skin are less prominent with darina-
parsin. Clinical studies in cancer patients have demonstrated that dari-
naparsin is safe at doses with anticancer activity. This drug is current-
ly in phase Il clinical trials in patients with advanced multiple myeloma,
hematological malignancies and solid tumors, and preliminary data
from these studies have shown promising results.

SYNTHESIS

Darinaparsin can be obtained by reaction of glutathione (I) under
nitrogen atmosphere with either dimethylchloroarsine (Il) in the
presence of pyridine in dimethoxyethane (1, 2) or water/ethanol (3),
or with dimethylarsinic acid (Ill) in water (4). Scheme 1.

BACKGROUND

Arsenicals are potent anticancer agents limited in use due to their
severe toxicity at high doses. Inorganic arsenicals such as arsenic tri-
oxide (ASZOB) are active in several leukemias and As,Oj is a proven
effective salvage treatment for patients with acute promyelocytic
leukemia (5). Arsenic trioxide deregulates numerous proteins
through binding to sulfhydryl groups, inhibits mitochondrial respira-
tory function, induces the production of reactive oxygen species
(ROS) and triggers apoptosis in several cancer cell lines. However, it
has not been possible to extend the use of As,O, to other cancers
due to its reduced anticancer effects at clinically achievable doses (5,
6). Organic arsenicals, in contrast, are substantially less toxic (6).
Recent interest has focused on arsenic biotransformation products,
specifically on methylated intermediates, some of which have proven
to be more potent growth inhibitors and apoptosis inducers than
inorganic arsenicals. As,0O, is methylated in the liver to mono- and
dimethylated metabolites, which are potent cytotoxins, genotoxins
and enzyme inhibitors and may contribute to the in vivo therapeutic
effect of inorganic arsenicals (7).

Darinaparsin is a novel organic arsenical synthesized by conjugating
dimethylarsenic to glutathione (8). Phase | clinical studies have
shown darinaparsin to be safe when administered at doses associat-
ed with anticancer activity. The compound is in phase Il clinical trials
for the treatment of advanced multiple myeloma, hematological
malignancies and solid tumors.

C. Campas, R. Castaner.
Prous Science, Provenza 388, 08025 Barcelona, Spain.

97



DARINAPARSIN

Scheme 1. Synthesis of Darinaparsin
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PRECLINICAL PHARMACOLOGY

Darinaparsin is active against various cancers in experimental mod-
els while showing an LD, about 50-fold higher than As,O,. Darina-
parsin is 5- to 10-fold more efficient in entering cancer cells than
As,0O, and more specifically affects the proapoptotic signaling path-
way than does As,O,. These features result in greater damage to
mitochondria and greater cell killing with darinaparsin than with
As,0, (8).

Darinaparsin induced apoptosis in multiple myeloma cell lines with
different sensitivities to As,O, (RPMI 8226, U266, KMS11 and MM.1s).
Sensitivity to the two compounds was different, since the cells most
resistant to arsenic trioxide (RPMI 8226) were highly sensitive to
darinaparsin (9). Several in vitro investigations based on ROS forma-
tion and genetic pattern expression demonstrated that darinaparsin
did not induce protective pathways in these myeloma cell lines in
culture, nor did it initiate the apoptotic cascade by inducing oxidative
stress, while arsenic trioxide did. These differences in the mechanism
of action suggest that darinaparsin could be active in cancer cells
resistant to arsenic trioxide (10, 11). In vitro studies in leukemia (NB4)
and lymphoma (U-937) cell lines also showed that darinaparsin and
As,0, induced apoptosis by different mechanisms, further support-
ing the notion that darinaparsin may be active in cancer cells resist-
ant to arsenic trioxide (12).

The in vivo activity of darinaparsin in multiple myeloma was first
demonstrated in two SCID-hu mouse models of human myeloma.
SCID mice were implanted with fragments of either human melpha-
lan- or bortezomib-resistant tumors. These models were used to
explore different doses and schedules of darinaparsin, demonstrat-
ing the activity of the drug in multiple myeloma at doses of 100-200
mg/kg i.v. once or twice daily 1, 3 or 5 days/week (13).

Darinaparsin is highly active in vitro against certain leukemia cells
that are resistant to As,O,. Its superior antitumor activity was found
to be due to more potent induction of oxidative stress and apoptosis.
Activity also correlated with substantially greater accumulation of
arsenic in darinaparsin-treated leukemia cells than those treated
with inorganic arsenic, possibly because inorganic arsenic is more
efficiently exported by drug resistance proteins. The study also
demonstrated that darinaparsin triggers apoptosis by inducing sig-
naling pathways that do not completely overlap with As,O,. Where-
as both darinaparsin and As,O, act via the Jun kinase (JNK) pathway,
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darinaparsin did not act via mechanisms normally associated with
As,0,'s therapeutic activity, including the degradation of the
promyelocytic leukemia/retinoic acid receptor (PML-RAR) oncopro-
tein and rearrangement of PML nuclear bodies (14).

Angiogenesis plays a critical role in tumor growth and metastasis.
The antiangiogenic effects of darinaparsin have been demonstrat-
ed both in vitro and in vivo. Darinaparsin inhibited the growth and
proliferation of human umbilical vein endothelial cells (HUVEC) in
culture (IC,, = 0.1-0.3 pM), as well as the formation of capillary-like
microtubule structures by these cells in vitro. In vivo, the drug
markedly reduced new blood vessel formation in the mouse
matrigel plug model commonly used to measure neovasculariza-
tion (15).

PHARMACOKINETICS AND METABOLISM

Arsenic is an element with particular affinity for sulfur, and the
organic forms of the element interfere with cellular metabolism by
chemical reaction with sulfhydryl groups of enzymes and other pro-
teins (4). Arsenic is metabolized by living systems using
oxidation-reduction and methylation reactions. Dimethylarsinic acid
and its derivatives are easily reduced by thiols such as glutathione to
give the organosulfur derivatives of arsenic (4, 16). In humans and
animal models arsenic is enzymatically methylated in the liver, and
it is believed that the methylation of inorganic arsenicals results in a
reduction in general toxicity, facilitating their conjugation with glu-
tathione, which is required for biliary excretion of arsenic (17). How-
ever, several studies suggest that methylation of inorganic arsenic
activates it to more reactive and toxic forms (18-20).

Pharmacokinetic studies with oral darinaparsin in animal models
showed that the molecule is orally bioavailable (15), but phase | and
[l clinical studies in cancer patients have used i.v. darinaparsin.

Combined data from three phase | studies in patients with advanced
cancer using i.v. darinaparsin at 214 mg/m?/day showed a t..of1h,
aC 0f685ug/mL, at,,of13.9 handan AUC,  of 14.9 pg.h/mL
(21-24). In multiple myeloma patients darinaparsin at 420
mg/m?/day showed a t.,ofTh,aC__ of .06 ug/mL, a t, of 17.8
h and an AUC,__ of 25.9 ug.h/mL (25). Studies using lower doses

showed corresponding parameters (26).
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SAFETY

Darinaparsin is toxic to rat liver cells in culture due to its conversion
to dimethylarsenic and glutathione. However, this toxicity may not
be seen in humans, since the presence of glutathione or physiologi-
cal concentrations of human serum, human albumin and human red
blood cells in the culture reduced both the cytotoxicity and cellular
arsenic uptake induced by exposure to darinaparsin (27).

Darinaparsin proved to be well tolerated and safe at doses resulting
in blood levels associated with substantial anticancer activity.
Adverse effects seen with darinaparsin include hyperglycemia,
decreases in albumin, calcium, potassium or phosphate, febrile neu-
tropenia and rash (21-24, 26, 28-30). No significant renal, liver, bone
marrow or cardiac toxicity was observed (26).

The estimated maximum tolerated dose (MTD) in phase | studies
was 420-500 mg/m?/day and the dose-limiting toxicities were tran-
sient and reversible confusion and ataxia (23). The starting dose for
these studies was 78 mg/m?/day i.v. for 5 days every month, with
20-40% dose increases. Therapy at the MTD was safe and fatigue
was the only major toxicity, occurring in 25% of patients. Darina-
parsin did not induce Q-T_prolongation or other limiting toxicities
seen with inorganic arsenic (23, 29).

Preliminary results from a phase Il clinical study in patients with
advanced hematological malignancies where darinaparsin was
administered i.v. for 5 consecutive days every 28 days showed that
the drug was well tolerated, although grade 3 toxicities were seen in
some patients. Major toxicities were infection, respiratory failure,
pain, fever and chills, anemia, decrease in oxygen saturation, elevat-
ed ferritin, blood transfusion reaction and falls. No significant hepat-
ic or cardiac toxicities were reported (31). Similar results were report-
ed from an ongoing phase Il study in heavily pretreated patients with
advanced lymphoma (32).

CLINICAL STUDIES

Results from phase | studies in patients with advanced solid tumors
showed clinical benefit in approximately 30% of the patients treated
with darinaparsin, including patients with acute myelogenous
leukemia, multiple myeloma and solid tumors such as colorectal,
kidney, head and neck, and pancreatic cancer (23, 25, 26, 28). In
these studies, some patients failing As,O, responded to darina-
parsin (26, 28).

Preliminary data from phase Il studies in patients with leukemias
and lymphomas have shown promising results. In one study in 18
patients treated with darinaparsin iv. for 5 days every 28 days, 1
unconfirmed complete response and 2 cases of stable disease were
reported (31). In another study in 13 heavily pretreated evaluable
patients treated with 300 mg/m? i.v. for 5 days every 28 days, 1 had
a complete response, 3 had partial responses and 2 had stable dis-
ease (32).

Darinaparsin is currently in phase I/1l clinical trials for the treatment
of hematological cancers, solid tumors, lymphoma and multiple
myeloma (33-39).

SOURCE
Ziopharm Oncology (US).
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