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Medicinal use of arsenic has been

Arsenic

Medicinal use of arsenic has been 
known for centuries in China and 
medieval Europe

Th f i d

Arsenic in Chinese
Medicine
The use of arsenic compounds 
has been described for over 
2,000 years

神農本草經卷二中經玉石中品
李時珍本草綱目



2010/3/25

3

Materia Medica (Li ShiZhen) 
Ming Dynasty, 1577

Description of Arsenic trioxide in 
Compendium of Materia Medica
(Li ShiZhen)
In the Ming Dynasty

砒石﹕又名信石，李時珍本草綱目中指
砒石能治”風痰在胸膈，可作吐藥。不

久服 傷人可久服，傷人”。
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Description of Arsenic sulphide in
Shen Nong’s Herbal Classic and
Compendium of Materia Medica

雄黃﹕神農本草經卷二中經玉石中品早列
雄黃為藥物，主治”寒熱，鼠痿惡瘡，疸痔
死肌，殺精物惡鬼邪氣百蟲毒”。明李時珍
本草綱目指雄黃能”治緩疽惡瘡，蝕惡肉”，
為”治瘡殺毒要藥也”，而”肝風肝氣，驚癇
痰涎，頭痛眩運，暑泄痢，積聚諸病，用
之有殊功“。

Description of Diarsenic 
trisulphide in Shen Nong’s Herbal 
Classic and Compendium of 
M i M diMateria Medica

雌黃﹕神農本草經卷中經玉石中品早列雌
黃為藥物，主治”惡瘡頭禿痂疥”、”殺毒
蟲虱”，亦能治”身癢，邪氣，諸毒”。明蟲虱 ，亦能治 身癢，邪氣，諸毒 。明
李時珍本草綱目指雌黃能”治冷痰勞嗽，
血氣蟲積，心腹痛，癲癇”
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Arsenicals in the treatment of leukaemia

1878: Boston City Hospital
“leucocythaemia”

1931 B t Cit H it l1931: Boston City Hospital
chronic myeloid leukaemia

1937: JAMA
chronic myeloid leukaemia

Since then, As2O3 was regarded as a 
standard treatment for leukaemia, there 
being few effective alternatives

Arsenic trioxide

1. Interests waned after the second 
world war

2. The development of newer anti-
cancer agents made arsenic trioxide 
out of fashion

3 No longer described in standard3. No longer described in standard 
haematology textbooks after 1950
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As2O3 treatment of leukaemia

Department of Medicine
U i it f H KUniversity of Hong Kong

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

Effective in suppressing white cells
Cumulative toxicities included 
Skin pigmentation, chronic GI blood loss 

Hong Kong Museum of Medical Sciences
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Medical records in 1950

Medical records in 1950
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Medical records in 1950

Liquor arsenicalis

Oral As2O3 treatment

As2O3 treatment of leukaemia

As2O3 treatment 2 3
was effective for 
different types of 
leukaemia, and 
may be related to 
an intrinsican intrinsic 
toxicity of As2O3
to marrow cells
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Resurgence of the use of As2O3 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 As2O3 in 
APL

Acute promyelocytic leukaemia
Hypergranular
promyelocytes

Faggot 
cell

Faggot: Bundle of sticks or twigs
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Experience of the use of As2O3 at 
Queen Mary Hospital, Hong Kong 

First used in 1996 in relapsed APL
(ATRA in 1993 in newly diagnosed APL)

As2O3 was originally imported from Shanghai

Very encouraging initial results in relapsed 
APL

Development of oral As2O3 for 
the treatment of leukaemia

1. As2O3 used to be given orally, so an   
oral solution should be effective
2. Potential concerns of an oral 
formulation of As2O3

A. BioavailabilityA. Bioavailability
B. Toxicity (first pass effect) on 

the liver
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Oral As2O3

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

- Pharmacokinetic studies

Oral As2O3 for treatment of relapsed APL
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Oral As2O3 therapy in leukaemia

As2O3 in relapsed APL

1. High efficacy, almost 100% CR rate
2. With maintenance treatment, many 

patients in fact never relapse
3. How does As2O3 treatment compare 

with chemotherapy?
4. How does As2O3 treatment compare4. How does As2O3 treatment compare 

with bone marrow transplantation?
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400 r = 0.74
p < 0.001

Arsenic penetrates the cerebrospinal fluid
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Current status of As2O3 in treating cancers 
at Queen Mary Hospital, Hong Kong

1. APL
Maintenance of CR1
Treatment of R1 and beyond

2. Multiple myeloma
Arsenic as maintenance after mini-
allografting

3. Mantle cell lymphoma
Salvage treatment 

4. Refractory leukaemia and MDS
Phase I/II trial 

Timeline of the development of oral 
arsenic trioxide

1998: retrieval of old records, oral formulation    ,
worked on

2000: first oral formulation tested in patients
2001: replacement of i.v. As2O3 by oral As2O3
2002: filing of patent with Versitech, a University of 

Hong Kong company dealing with technology 
transfer

2006: Verification of cardiac safety of oral As2O3
2007: Production of oral As2O3 to GMP standards
2009: US Patent
2010: First international conference of oral arsenic 

trioxide in Hong Kong
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Different generations of As2O3

Oral Arsenic trioxide
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Arsenic patent (Nature Medicine, October 2007)

Arsenic patent (Nature Medicine, October 2007)
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Professor YL Kwong Professor CR Kumana
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Section 2 
By Dr Au Wing Yany g

1. Oral arsenic rescue of APL relapses
2. Oral arsenic prevention of APL 

relapses
3. Oral arsenic treatment of lymphoma

1. Superiority of oral arsenic 
trioxide to iv arsenic

Arsenic (iv) is universally used for APL 
relapserelapse 
EXCEPT in Hong Kong, because we 
have something BETTER, since Oral 
arsenic means:

1. Out-patient treatment
2. Easy dose titrationy
3. Negligible cardiac toxicity
4. Long term maintenance possible
5. Massive cost savings
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Treatment of APL relapses
56 consecutive patients
30 men 26 women average age 3930 men 26 women, average age 39 
(range 12 to 72)
Time from previous remission 19 
months (range 6-243)
Referral from all over Hong Kongg g
53 Chinese, 1 Nepalese, 2 
Indonesian  

PYNEH

Referrals: APL relapses

HKS
UCH PYNEH

HKS
UCH
PMH
PWH
TMH
QEH

QMH
PYNEH UCH

TMH

PMH
PWH

QMHQEH
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Spectacular results
Remission again in 55/56 cases (98.2%)
6 seniors (age > 60), 3 minors (age 12, 13 and 16)
1 Jehovah witness 1 peritoneal dialysis 1 tetraplegic1 Jehovah witness, 1 peritoneal dialysis, 1 tetraplegic, 

2 ear relapse, 
With prolonged treatment 5-year survival is 70%
Cases relapsing after REPEATED chemotherapy may 
still be CURED with arsenic
Better than BMT: withhold until further relapses, 
avoided for most patients
In other countries, arsenic followed by BMT or ot e cou t es, a se c o o ed by o
antibody treatment or more iv arsenic

Response of ear leukemia to As2O3
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180 16

BM Bx:   P CR1 R1 CR2  R2 CR3              R3  CR4                                         R4   CR5
RT-PCR: +    +    +    +    +    +    - +    +    +    +    - +    - +    +    +    +    +    - - -

Rx:    ATRA+7:3   MTZ   As+Ida              As+ATRA                                      As+ATRA+VitC  

Chemo-resistant leukemia cured by As2O3
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2 .Rationale of arsenic prevention
Since arsenic is safe, inexpensive, and 
convenient and is synergistic with oralconvenient, and is synergistic with oral 
ATRA and Vitamin C (Ascorbic acid, 
AAA combination)…..
And can cure patient relapsing AFTER 
intravenous and oral chemotherapy
Why not use it early to prevent relapse?Why not use it early to prevent relapse? 
All countries from USA to China now 
use iv arsenic to prevent relapse  
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Hong Kong arsenic prevention
65 patients from 2001
29 men and 36 women29 men and 36 women
Average age 44 (range 16 to 82)
12 patients age >60, No 
chemotherapy AT ALL in 8 of 
them!
“Outpatient drink” to treat“Outpatient drink” to treat 
leukemia at home in elderly, NO 
nausea, cytopenia, infection, 
aloplecia, pain, ulcer……

pmh

Referrals: Relapse prevention

PMHQEH TMH TKO
pmh
qmh
uch
pyneh
qeh
tmh
tko

QMHUCH

PYNEH

QMH
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Outstanding results

Median FU 36 months (max 100 
months)months)
Only 5 relapses at 11-27 months (7%).
Three of the 5 relapses respond to 
arsenic again and are now in 
remission.
No relapses so far with AAANo relapses so far with AAA 
combination
Future challenge, cerebral disease in 
patients with high white cell counts.

Arsenic maintenance in CR1
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No more chemo for APL in elderly﹗

Dr.WY Au

3. Arsenic for lymphoma
Lots of in vitro experiments 
showing arsenic work forshowing arsenic work for 
lymphoma cell lines.
In 2 patients with APL and indolent 
lymphoma, the use of oral arsenic 
successfully controlled both 
diseases and prevented follicular 
and mantle cell lymphoma relapse! 
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Mantle cell lymphoma
Refractory lymphoma with median 
survival of 3-5 yrsurvival of 3-5 yr.
No cure without allo-BMT
Chemo-refractory when late
New agents against MCL may be 
useful for short time (~6 months) ( )
and are very expensive

Arsenic treatment of MCL
There were 20 men and 5 women (median 
age 65 range 43-90). Time from diagnosis g g ) g
was 33 (6 - 131) months, had 2 (1 to 6) 
treatments before. 
A total of 16 patients (61%) responded (8 
CR / CRu, 8 PR) lasting median 23 (6 to 
76+) mo. before progression.
12 patients still in disease control longest12 patients still in disease control, longest 
remission 76 months.
Synergism with oral alkylator pills, takes 
time to respond, make disease static, can 
retreat at relapse
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M/78 (LSY) with circulating MCL and splenomegaly after COPP and refractory to Clb, 
treated with Vit C and Clb, with arsenic at 6 months, respond x 14 months.

M/58 (CWK) with circulating and pleural MCL after R-CEOPx8 and DHAP x4. Regression 
of LN, ascites, hepatosplenomegaly and normal CBP at 6 months of arsenic and Clb and 
stable at 14mo on arsenic only.

M/53 (NZC) with NR to CVP, CEOP, RDHAP, Thalidomide, and develop RT 
related sarcoma as well. Regression of back mass after 3 mo. arsenic, Vit C and 
Clb. Die leukemic relapse at 8 mo.

F/65 (TCK) relapse with RT, COPP, CHOP, DHAP. Regression of palate mass at 
6 months with oral arsenic, Vit C and Clb, maintained on oral arsenic x 2 years.
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Regression of orbital infiltrate

After 4 months of 
treatment

M/76 (WCF) bilateral orbital MCL relapse after CEOPx7, IMVPx3. Regress 
after oral arsenic, Vit C and Clb, maintained on oral arsenic x 2 years. 
Relapse 3.5 years later, retreated and re-responded

Recap
1. Oral arsenic should replace iv 

arsenic for rescue of APL relapses
2 Oral arsenic can be used BEFORE2. Oral arsenic can be used BEFORE 

relapse or even with no 
chemotherapy for prevention of APL 
relapses

3. Oral arsenic treatment has powerful 
utility for treatment of lymphomautility for treatment of  lymphoma, 
especially mantle cell lymphoma

We are on a mission to change world 
therapeutic practices
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2010 International Oral Arsenic Union 
38th Annual Scientific Meeting of HK Society of Hematology

Hong Kong SAR China
Deadline for submission of abstracts 
撮要投稿截止日期 31 December 2009撮要投稿截止日期 31 December 2009
Deadline for corporate registration
團體註冊截止日期 15 January 2010

Deadline for individual registration
個人註冊截止日期 31 December 2009

Date of Congress 會議日期
26 - 27 March 2010

Post Congress symposium Macau
28 - 29 March 2010

http://asm2010.hksh.org

Section 3

By Professor Y.L. Kwong

Overall ConclusionOverall Conclusion
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Oral arsenic trioxide : prescription drug

1. International collaborative trials to 
define its role in blood cancersdefine its role in blood cancers, 
including leukaemias, 
myelodysplastic syndrome, multiple 
myeloma and malignant lymphomas

2. Global marketing strategies: 
V it hVersitech

3. Humanitarian projects of making oral 
arsenic trioxide available to 
developing countries

Arsenic trioxide: scientific
developmentp

1. Three other patents have been applied 
for the use of arsenic trioxide in
A. Solid tumors
B Other blood cancersB. Other blood cancers
C. Non malignant diseases 
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Achievements of oral arsenic trioxide 

1. First prescription drug to be developed 
entirely in Hong Kong

2. First Hong Kong prescription drug to 
secure a US patent

3. Puts the Hong Kong team as one of the 
best in the world in this area of research

4. Humanitarian aid to developing countries 
t li f l k i ti tto save lives of leukaemia patients

5. Very significant potential financial 
implications for Hong Kong

6. Paradigm of Hong Kong innovation
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