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The Development of Oral Arsenic Trioxide
for Cancer Treatment:
Academic Success,

Economic Implications
and Global Perspectives

Yok-Lam Kwong
Department of Medicine
Queen Mary Hospital
Hong Kong

Description of Arsenic trioxide in
Compendium of Materia Medica (Li ShiZhen)
In the Ming Dynasty
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Arsenic
Medicinal use of arsenic has been

known for centuries in China and
medieval Europe

NOTES ON A CASE OF LEUCOCYTIAMIA.
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Arsenicals in the treatment of leukaemia As,0, treatment of leukaemia

1878: Boston City Hospital
“leucocythaemia”
1931: Boston City Hospital
chronic myeloid leukaemia
1937: JAMA
chronic myeloid leukaemia

Department of Medicine
University of Hong Kong

In the late forties to early fifties: a
standard treatment for leukaemia

Effective in suppressing white cells

Since then, As,0, was regarded as a standard Cumulative toxicities included

treatment for leukaemia, there being few

effective alternatives Skin pigmentation, chronic Gl blood loss

Medical records in 1950

DEPARTMENT OF MIDICINE

UNIVERSITY OF HONGKONG

Address 162 Frives Edvvd Rood | S }’Q"W
Occupation M
Date of Admission /= & -gu | Date of Discharge 3/-5- %0

Diagnosis 502-792 CrRone  MyeLoGEmews [ EUKAEMA

Chief Complsint: Psin in the L.U.Q. for 3 yesrs,
Msse in the L.U.Q. for 3 years.

Hong Kong Museum of Medical Sciences




Medical records in 1950

Drsssremer oo Mise:

UNIVERSITY OF HONGKONG
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As,0O; treatment of leukaemia

Oral As,0, treatment

Fig 1. A 30-yesr-ohd man prevented In March 1954 with spleno-
megaly and CME In chrenic phase was diagrosed. No speciic treat

ment vwas 9+ 1954 when
05 em aad his white coll count Incraased 10 50 « 107/L. Fowler's
Sakuton 5 miniaes (1 olnim ~ .08 md. scuvalen 10 8. 79 A

of his white coll count to sho W ¥ 0'/L Treastment was stopped
o

ke, three times daily. Mowever,  montis Later, sgne asd spmp

o of G0Nk arsenic poisceing developed nchudng sio plpmer-

1o6om. darrhes, a0 cheonlc Sasrsimontnal hemeerhape. A, o wn
meloh

As,0, treatment
was effective for
different types of
leukaemia, and
may be related to
an intrinsic
toxicity of As,0,
to marrow cells

Medical records in 1950

Liquor arsenicalis

Resurgence of the use of As,0; in China
1984 : Zhang TD. Ai Ling No. 1
1988 : Li et al. Treatment of lymphoma

1992 : Sun et al. Ai Lin 1 in acute
promyelocytic leukaemia (APL)

1997 : Chen et al. intravenous As,0; in
APL




Acute promyelocytic leukaemia t(15;17) in acute promyelocytic leukaemia

.
Hypergranular 833 )‘g gﬁ

promyelocytes
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Oral As,0, Oral As,0; for treatment of relapsed APL

Preparation of an oral formulation

- In collaboration with the Division of Clinical
Pharmacology, Department of Medicine,
and Pharmacy, Queen Mary Hospital

- Clinical trial started in 2000 for the treatment
of relapsed APL




Oral As,0, therapy in leukaemia

ated with oral As;0,

As,0O, based therapy, n = 2

Allogeneic BMT, n =

Cumulative Survival

Chemotherapy, n =19

40 60 80 100 120

Time from first relapse in months

Blood. 2003 Jul 1;102(1):407-8. Ann Oncol. 2003 May;14(5):752-7.

Arsenic penetrates the cerebrospinal fluid Oral As,0; in pediatric patients

TABLE L Clinicopathologic Features of Four Children With Relapsed APL

Induction Consolidatior Relapse

Age b WBC Plat therapy and Maintenance time First salvage

201 21 ATRA, Dauno, Ara-C Dawno, Ara B m Oral-As; O,
amsacrine, VP16 then
ATRA, 6-MP. MTX
104 1010 5 ATRA, Dauno, Ara.C Nil 2 Oral-As;0.
100 12 S1 ATRA Nit® 5

L7 14 ATRA, Dauno Dauno, Am-C, VP16 2 m
Ara-C, VP16

positivity for PML-RARA

TABLE 1. Four Children With Relapsed APL Treated With Oral As ;04 Based Regimen

CSF arsenic (nmol/L)

Peak  Side

b WBC Ma Oradl As;O, ATRA WBC effects Re: Consolidation Mamtenance Oucome
y=0.1771x+19.373 1 25 95 3 4 0mgday x 14 75 il CR2  As;0, + ATRA As;0y + ATRA x MR, 10m

2 yeans
5 Nil 56 CR2  IDA.IT MTX + Nil MR. 131 m

Ara(

. * * * . ’ 12 132 6mg/day x 42 d0mg/hy x42 22 Nil CR3 A0, + ATRA Nil MR, 132 m
200 400 600 800 1000 1200 1400 1600 1800 2000 7 44 10 mg/day 42 60 mg/day il CR3 As,O ATRA  As,0. ATRA MR, 114 m

Plasma arsenic (nmol/L) 2 yeans

obin (g/dl). WBC, white cell count (x10%L); Plat. plaselet count (x 10°/L); CR. complete remission: MR, molecular remission, m.

Blood. 2008 Nov 1;112(9):3587-90. Pediatr Blood Cancer. 2011 Sep 2. [Epub ahead of print]




Oral-As,0; maintenance of 76 APL patients in CR1 Oral-As,0; maintenance of 76 APL patients in CR1

TN

Leukemia free survival
Event free survival

T T T T T 0 20 40 60 80 100 120
40 60 80 100 120
Months Months

Blood. 2011 Oct 12. [Epub ahead of print]

Blood. 2011 Oct 12. [Epub ahead of print]

Oral-As,0,; for maintenance of 52 patients with APL in

Oral-As,0; maintenance of 76 APL patients in CR1 CR2 and beyond

Overall survival
Overall survival

0 20 40 60 80 100 120
Months

0 20 40 60 80 100 120 140
Months

Blood. 2011 Oct 12. [Epub ahead of print] Au et al J-Cin-Oncol 2011 (submitted)




ral-As,0; for maintenance of APL in CR2 and beyond
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Au et al J-Cin-Oncol 2011 (submitted)

a2 United States Patent

(54)

2n
(22)

(63)

Kumana et al.

FORMULATION OF ORAL COMPOSITIONS

COMPRISING ARSENIC TRIOXIDE AND

METHODS OF USE THEREOF

Inventors: Cyrus Rustam Kumana, Pokfulam
(HK): Yok-Lam Kwong, Pokfulam
(HK)

Assignee:  Versitech Limited (1K)

Notice: Subject to any disclamer, the term of this
patent is extended or adjusted under 35
U.S.C. 154(b) by 600 days.

Appl. No.: 10/669,869

Filed: Sep. 23,2003

Prior Publication Data

US 2004/0126434 A] Jul, 1, 2004

Related US, Aoplication Data

US007521071B2

US 7,521,071 B2
Apr. 21, 2009

(10) Patent No.:
i45) Date of Patent:

Kumana, CR ¢ al., “Systemic availability of arsenic from oral
E logical malignan-

senic trioxide therpy on Q1
Jocytic leukemia: implications
5)

on long-tei d, 0:2006-01-0054 (X
Abroun, ef al,, “Receptor synergy of interlcukin-6 (11.-6) and insulin-
like growth fi 0 myeloma cells that highly express IL-6 revep-

for alpha | dJ", Blood, 103(6):2291-8 (2004).
ind Gazitt, "Arsenic trioxide sek -
apoptosis via the APO2 caspase-
poadrial pathway in mycloma cells with mi
Cyvle, 2(4)338-68 (2003).

Au, ot al, mby arsenic trioxide and all-trans retinoic acid
treatment for acute promyelocytic leukacmia recurring from previous

noxide™, firJ Haematol.

relapsex successfully treated using arseni
H7(1):130-2 (2002)
Bahlis, et al , “Feasibility and correlates of arsenic tnoxide combined

with ascorbie acidemediated depletion of intracel lul dathione for

the treatment of relapsed ‘refractory multiple mye Clin Cancer

Oral-As,0, for maintenance of APL in CR2 and beyon

Overall survival

Age < 40 years

Age > 40 years

P =0.01

0 20 40 60 80 100 120 140
Months

Au et al J-Cin-Oncol 2011 (submitted)
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Different generations of As,0, Oral Arsenic trioxide
ic trioxi

Arsenic patent (Nature Medicine, October 2007) Ar

Still, at up to $50,000 for a
full course, Trisenox is out of
Arsenic patent keeps drug for rare cancer out of reach of many reach for most people in

NEWS

2007 Nature Publig

Foe

developing countries.

hing Group hitp:lwww.nature comnaturemedicin




2010 International Arsenic Union

M Tallman, USA

P Fenaux, France

R Jedd, Tunisia

‘ WY Au & YL Kwong,
f Hong Kong

Hlland, Australia

A success paradigm of medical research

Patient management

> 100 leukaemia
patients successfully
treated

Academic success
30 publications in

international peer-
reviewed journals

Societal impacts

Humanitarian
projects and global
benefits

Economic success
IP rights and patents
Global marketing
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