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Claim

1. A method of cancer therapy which comprisges
administering to a patient an effective amount of a
nhon-toxic agent, selected from organic disulfides and
oxidising agents, and while said agent is present at a
cancer site of the patient administering to6 the cancer
site an effective dose microwave electromagnetic
radiation of frequency in the range of about 400-450 MHz.
7. A method according to Ylaim 1 wherein the organic
disulfide is cystine, penicillamine disulfide or a
non-toxic salt thereof and the oxidising agent is cumene
hydroperoxide or t-butyl hydroperoxide.
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The following statement is a full description of this invention,
in¢luding the best method of performing it known to me/us:-
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CANCER THERAPY AND COMPOSITIONS FOR USE THEREIN

The present invention relates to a novel cancer therapy
and compositions for use therein.

The use of ultra-high frequency (UHF) microwave
electromagnetic radiation in human ¢cancer therapy is
knbwn, For ekample, it is known that when a patient is
exposed to such radiation prior to X-ray therapy the
cancer cell kill can be increased by between about three
and one hundred times compared with X-ray therapy alone.

The present invention is based on my surprising finding
that by providing,; at the time of administering the
microwave fadiation,xan effective amount of one or more
selected chemical agents in the vicinity of the cancer
»célisﬁ_the‘éonventional subsequent X-ray or other cancer

r(therapies‘cén be avoided while yet retaining a remarkable
“degree of cancer cell destruction.

More éar£icu1ar1y,‘the‘chemicai agent‘used should be
selected from non-tnxic organic disulfides and non-toxic
oxidising agents. Mixtures of compounds of the same
category, or different cat#gories, may be used; in some
cases different active agents may be administered
sequentially, either for convenience or to préevent
degradation or mutual pre-reaction of the agents. For
example, when both organic disulfides and oxidising
agents are used, the oxidising agent is normally
administered before the organic disulfide to minimise
degradation of the disulfide by reducing enzymes in the
patient’s body.

Without wishing to be bound by theory, it is believed
that the chemical agent interferes with a redox cycle
involving N,N’-[dithiobis[1-{(carboxymethyl) carbamoyl]~



ethylene] ]diglutamine, which has the formula

H NCHCH CH CONHCHCONHCH CO H

“lou

CHZ'? (1)

CO_H
H NéHCH CH CONHCHCONHCH co H

and glutathione, which has the formula

H ZNC'?HCH ,CH ZCONHEHCONHCH ,CO H
10 CO‘zi':Im HZSHT (11)

or with a88001ated enzyme caualysed reactions, which are
believed to play an 1mportant part in the growth of
cancerous cells.

According te a first aspect, therefore, the invention
15 provides a- method of cancer therapy which comprises
admlnlsterlng to a patient an effective amount of a
non-toxic agent, selected from organic disulfides and
,oxidising‘agents, and while said agent is present at a
cancer site of the patient édministering to the cancer
.0, 20 site an effective dose of microwave electromagnetic
Ry radiation of frequency'in the range of about 400-450 MHz.
: :

The expressioﬁ "non;toxic“ used herein refers to an
acceptably low level of toxicity when a compound is

. pregent at an,effective amount, and not necessarily to a
TR 25 complete absence of toxic effects. In particular,
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and do no significant permanent harm, will be referred to

and understood as "non~toxic" herein.

Included within the scrg.» of the invention is the use of
non-toxic precursors of <the said agents, which are
administered to the patient and are modified in vivo to
provide the desired agent at the cancer site. For
example, a thiol can be administered simultaheously with
an oxidising agent to prcovide the corresponding disulfide
and optionally an excess of the oxidising agent at the
cancer site;

The non-toxic organic disulfide is preferably an organic
disulfide of the general formula

R-S-S~R? (I11)

in which R and R!, which may'be the same or different,
are selected from alkyl (e.g. methyl, ethyl, propyl, n-

butyl, s~butyl or t-butyl) groups which may optionally be
mono- or peoly-substituted.

In the agents of formula III as defined above,
substituents of alkyl groups, when present, may be
selected from any substituent atom(s) and group(s) whose
presence as substituent does not significantly reduce the
effectivenaess of the agents in the therapy described and'
does not lead to intolerable side effects such as
toxicity.

Examples of suitable substituents of R and/or R! in the
compounds of formula III in¢lude halo (e.g. fluoro,
chloro and bromoj, nitro, amino, C, ,alkylamino, d4i-C,,
alkylamino, hydroxy, C,,alkoxy, carboxy, (C,,alkyl)-
carbenyl, (C,.,alkoxy)-carbonyl, (C,.,alkyl)=-carbamoyl,
carboxy-(C,.alkyl)~carbamoyl and C,, alkanamido, and any
salt, ester or other derivative forms thereof. Preferred
substituents, when present, are selected from amino and
carboxy.
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Alkyl portions of any substituent of R and/or R! in
cdmpounds of formula III may optionally be mono- or poly-
substituted by NH, and/or CO,H and/or salt derivatives
thereof.

A particularly prefer:ed disulfide is cystine, which has
the formula

NHZ NHZ
HOOCCHCH,-S-5~CH,CHCOOH (IV)

or a non-toxic salt thereof.
An optically active form of cystine, or alternatively an
optically inactive (internally compensated) form or a
racemic mixture, may be used. The laevorotatory form L-
cystine is preferred by reason of its availability.
There may also be mentioned as a suitable organic
disulfide penicillamine disulfide (3,3,3',3'-
tetramethylcystine), which has the formula

NH, NH,

HOOCCHC(CH, ),-S-§-C(CH, ) ,CHCOOH (V)

or a non-toxic salt therecf. An optically active form of
penicillamine disulfide or a racemic mixture may be used.

The non-~toxic oxidising agent is preferably selected from
organic peroxides and/or hydroperoxides of the general
formulae

R3-0-0-~R! (VI)
and

R®-0-~0OH (Vi)
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respectively, in which R?®, R* and R®, which

may be the same or different, are organic groups, most
preferably selected from alkyl (e.g. methyl, ethyl,
propyl, n-butyl, s-butyl or t-butyl) groups which may
optionally be mono- or poly-substituted.

In the agents:- of formulae VI and VII as defined above,
substituents of alkyl groups, when present, may be
selected from any substituent atom(s) and group(s) whose
presence as substituent does not significantly reduce the
effectiveness of the agents in the therapy described and
does not lead to intolerable side effects such as
toxicity.

Examples of suitable substituents of R®, R* and

R® include halo (e.g. fluoro, chloro and bromo),

nitro, aryl (e.g. phenyl) and substituted aryl (e.g. aryl
mono- or poly- substituted by alkyl, halo and/or nitro).
Preferred substituents, when present, are aryl groups.

A particularly preferred oxidising agent is cumene
hydroperoxide. Any of the hydroperoxides of cumene may
be used.. T-butyl hydroperoxide may also be particularly
mentioned as an oxidising agent. -

It has been found that certain organic alcohols, most
particularly ethanol, can have beneficial effects when
present in addition to the active agents(s) described
above at the cancer site during the therapy. Such
alcohols are not, however, effective per se at non-toxic
dosages.

Thug, in a preferred form the invention may be said to
provide a method of human cancer therapy which comprises
administering to a human patient an effective amount of
one or more non-toxic compounds of general formula III,
V1l or ViI as defined above, and optionally ethanol, and
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while said compound(s) is or are present at a cancer site
of the patient, administering to the cancer site an
effective dose of microwave electromagnetic radiation of
frequency in the range of about 400-450 MHz,

The composition form by which the active agent is
administered to the patient may take any suitable form
and employ any suitable conventional pharmaceutical
carrier(s) or excipient(s). The composition form is
preferably an aqueous solution suitable for intravenous
drip or injection. Intravenous drip or injection is the
preferred administration route by virtue of its rapid
delivery of the active agent to the desired cancer
site(s) with minimal degradation of the active agent.

The solution may if desired include additional components
such as salts (e.g. sodium chloride), solubilising agents
and the like. Oxidants such as hydrogen peroxide may be
used in particular to prevent a disulfide splitting into
its corresponding thiol(s).

The dose of chemical agent is, selected according to the
body weight of the patient, the tolerance of the patient
to the active agent ﬁsed, the ability of the active agent
to remain at the cancer site or in the bloodstream
without loss or degradation, the efficiency of the
particular agent, the severity of the cancer to be

treated, and the projected length of the overall
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treatment program.

In the case of an organic disulfide as active agent, an
agueous solution of L-cystine or penicillamine disulfide
at a concentration of up to approximately 20 g/l (e.g.
from about 10 to 20 g/1, suitably about 15 g/l) is
convenient, enabling a daily injection volume between
about 30 and 150 ml (e.g. about 50-60 ml), delivering a
daily dose of up to approximately 3 g. Therapy using
such a solution can produce an improvement after
approximately 15 treatment days (typically over a few
weeks) and is particularly effective on slower growing
cancers.

To assist the passing of L-cystine into solution, a
solubilising agent such as N-methyl-D-glucamine is also
conveniently present in the solution. A small amount of
an oxidant such as hydrogen peroxide may also be present
to prevent the L-cystine from degrading to its thiol
cysteine prior to administration.

To avoid any risk of nausea, L-cystine should be
administered to a total daily dose of approximately 1.0
g or less. Higher doses produce a progressively greater
risk of nausea in the patient, so that a preliminary test
of the patient's tolerance may be advisable at such
higher doses.

In the case of an oxidising agent and organic disulfide
agent together, the agents may be administered
simultanecusly or sequentially. It may, for example, be
found convenient to administer the oxidising agent first,
to immobilise reducing enzymes of the patient's body,
which could otherwise degrade the disulfide, then to
administer the disulfide and then to follow this by
administration of the microwave radiation immediately
when the agents have reached the cancer site. This
sequential administration may algo be found desirable
when the agents could otherwise mutually pre-react away

e
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from the cancer site or when the second agent has a
rather short half-life in the bloodstream.

An oxidising agent such as cumene hydroperoxide or
t-butyl hydroperoxide may conveniently be used in an
aqueous solution at a concentration of up to
approximately 1.5 g/1 (e.g. from about 0.25 to 1 g/1,
suitably about 0.4 g/1), enabling a daily injection
volume between about 30 and 15C ml (e.g. about 60 tc 120
ml), delivering a daily dose of up to approximately 50 mg.

The invention may, for example be performed using a
parenterally administrable pharmaceutical composition
comprising an aqueous solution of a non-toxic organic
disulfide of general formula III, e.g. cystine or
penicillamine disulfide (or a non-toxic salt thereof) at
‘a concentration of up to approximately 20 g/1 (e.qg.
approximately 10-20 g/1), together with ‘a non-toxic
oxidising agent of general formula VI or VII, e.g. cumene
hydroperoxide or t-butyl hydroperoxide at a concentration
of up to approximately 1.5 g/1 (e.g. approximately 1 g/1).

The invention may alternatively be performed using a kit
of two or more parenterally administrable pharmaceutical
compositions containing non-toxic active agents, selected
from compounds of general formulae III, VI and VII, for
rapidly secuential administration, a first composition
comprising an aqueous solution céntaining a first active
agent. selected from the agents as defined above, and a
second composition comprising an —
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e
aqueous solution containing a second active agent
selected from the agents as defined above, optionally
together with further composition(s) and instructional
lizerature for the therapy.

The compositions are prepared by standard mixing
techniques that will be readily apparent to those skilled
in this art. 1In the case of sparingly soluble active
agents a suitabie solubilising agent should first be

dissolved in the agqueous medium.

After administration to the patient of the active

agent(s) according to the invention, a period of time
should pass to allow the cancer site(s) to become
surrounded by the active agent(s), whereupon the
microwave radiation should be administered without undue
delay. The radiation should normally be begun to be
administered between 1 and 15 minutes after intravenous

administration of the active agent(s) to the patient.

To administer the microwave radiation, which covers at
least the cancer site(s) or optionally the entire body of
the patient if thatiis most convenient, the patient is
brought close to a suitable number of microwave antennae
(e.g. 3 or 4 antennae arranged to encircle the patient's
body) and the antennae energised +to transmit UHF
microwave radiation. Normally an area of at least about
30 cm radius around each cancer site should be
irradiated, and for this purpose the patient may
conveniently be moved under the antennae.

The total antennae power should be less than about 8 kW
{e.g. adjustable between about 3 and about 8 kW) in order
+0 remain tolerable to the average patient. Patients may
preferably be treated in two or more sessions, preferably
at least 10 sessions, at daily intervals or every other
or every third day for a treatment period of up to about
four weeks. Preferably, each sesgsion day involves
administration of the active agent followed quickly by
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from \ to about 5 exposures (e.g. three exposures) to the
microwave radiation, each exposure to the radiation
lasting for about 5 to 30 minutes, with a 5 to 40 minute
rest period between exposures. The total 1length of
treatment on each session day will be dependent cn the
length of time over which the agent(s) remain at the
cancer site or in the bloodstream without substantial
loss, and the length of rests between exposures which the
patient requires. Small bodies (e.g. children) can
normally tolerate a radiation power of about 3 to 4 kW
per session, with larger bodies around 6 to 8 kiW. If too
high a power is used the patieni's body temperature will
rise, with possibly dangerous consequences.

As mentioned above, the microwave radiation should be in
the frequency range of about 400-450 MHz. More
preferably, the frequency should be in the range of about
425-450 MHz, most preferably 432-436 MHz (e.g. about 434
MHz).

The antennae are suitably standard commercially available
microwave antennae o©f a convenient size and shape to
accommodate the shape of the patient's body. Folded
dipole antennae are suitable, and these may preferably be
provided with adjustable inductor coils in known manner
to emit predominantly H-wave microwave radiation of
wavelengt/y between about 65 and 75 cm (most preferably
about 69 cm). Alternatively, each antenna may consist of
a single circular turn approximately 19 cm in diameter
(the diameter being chosen to resonate at the frequency
of the transmitter), the plane of the ¢ircular anhtenna
being held substantially tangential to the curvature of
the patient's body. Such a circular antenna will also
emit substantially H-wave radiation towards the patient's
body. While the presence of E-wave radiation will not
necessarily hinder the efficacy 6f the radiation, it can
lead to greater heating of the patient's gkin, which is
undesirable.
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Each antenna is suitably connected to a UHF generator by
a coaxial cable wvia circulators to prevent adverse
interaction bhetween antennae. Each generator may if
desired be set at a sligh*ly different frequency at or
around a central frequency in the range already mentioned
(preferably about 434 MHz).

all eguipment within about 2 metres of the antennae
should be of non-metallic materials such as wood or
plastic, including for example the patient support table.

Tests have yielded the foliowing data, which are included
purely for ease of understanding of the present
invention, and not for limitation of the scope of the
invention:

EXAMPLE
Compositions and administration volumes

A first agueous solution of cumene hydroperoxide 1is
prepared by diluting 0.4 ml (0.4 g) of a commercially
available cumene solution of cumene hydroperoxide (80%
cumene hydroperoxide in .cumene) into 1 litre of normal
{0.9%) saline. A second aqueocus solution of L-cystine is
'prea;'ed by first dissolwving 58 g of N-methyl-D~glucamine
in 1 litre of normal (0.9%) saline and then dissolving in
16 g of L-cystine. 120 ml of the first solution is
administered wvia intravenoys drip (delivering an
approximately 50 mg dose of cumerie hydroperoxide), and as
soor as that administration is complete it is followed by
60 ml of the second solution (delivering an approximately
1 g dose of cystine).

Toxicity
No nausea after the i.v. injection. No immediate or late

changes in blood pressure, renal or liver function,
electrolytes or haematclogy have been seen.

b aams Dbt . o v b dPiaion stk . o LA A po
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Contra-indications

Most previous cytotoxic chemotherapy, however long ago,
which will have destroyed the insulating properties of
normal tissue so that cancer and normal tissues will have
become electrically indistinguishable.

Case History

A case history will now be described, purely by way of
illustration and example and for ease of understanding
the present invention, but without limitation.

PH, an Asian male then aged 42, was examined by an Ear,
Nose & Throat surgeon after complaining of a blockage in
the right nostril, blood-stained nasal discharge and a
foul taste and smell in the mouth of approximately three
months duration. Inspection revealed a tumour, from
which a biopsy was taken and a partial resection
performed to clear a temporary airway. The pathology
report showed the tumour to be composed of a poorly
differentiated squamous carcinoma typical of primary
nasopharyngeal cancer, which is eommon in Asia but has a
poor long-term response to conventional therapies.

First Treatment soon after diagnosis was by full course
of combined microwave and X-ray therapy, to a total dose
of 6,000 rads, which produced a temporary response, but
4% yvears later there was a recurrence (proved by biopsy).

Second Treatment then was by cytotoxic chemotherapy over
three courses, which failed.

Third Treatment foliowed at a diet and meditation unit in
China, including two further courses of cytotoxic
chemotherapy, which still produced no response, and by
this time (1 year after the recurrence) biopsies
confirmed active ¢ancer at several sites, including a 4
¢m primary recurrence, huge bilateral neck metastatic
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cancers in many cervical lymph nodes and X-ray-visualised
nodal deposits in the superior mediastinum.

Fourth'Treatment, according to the present invention, was
then undertaken, by intravenous injection of cumene
hydroperoxide s@lution followed by L-cystine solution,
and then followed immediately by three applications of
434 MHz UHF microwave electrpmagnetic radiation from the
vertex of the skull to the xiphisternal junction. Each
microwave treatment was from four antennae each energised

‘about 9.8 kW (total power 3.2 kW), and each application

of microwave radiation was for five minutes, separated by
res¥ periods of 20 minutes. The treatment was fepéated
to & total of 15 times in a three-week period and the
said~three-week course was itself performed a further two
times, the first two months later and the second a
further four months later.

Tests one month after the end of the final course of
treatment showed that all the cancer had disappeared and
subsequen’ monitoring for a period of six years has shown
no evidence of cancer at the primary site and no clinical
or radiological evidence of metastases. Patient remains
in normal health.




w@ m owv s SRR T dTIRO T AT T ot TR g eEVIS - gEpR gy wewme v e g wow o o -

, - 14 -

THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:-
1. A method of cancer therapy which comprises
administering to a patient an effective amount of a
non-toxic agent, selected from organic disulfides and
oxidising agents, and while said agent is present at a

5 cancer site of the patient administering to the cancer
site an effective dose microwave electromagnetic
radiation of frequency in the range of about 400-450 MHz,
2. A method according to Claim 1, wherein the
non-toxic organic disulfide has the general formula

R-S-S-R? (II1)

in which R and R, which may be the same or

5 different, are selected from alkyl groups which may
optionally be mono- or poly-substituted.
3. A method according to Claim 2 wherein substituents
of R and/or R! in general formula III are selected
from hale, nitro, amino, C1_4alkylamino,
di-c1_4alkylamino, hydroxy, Cl_Aalkoxy,

5 carboxy, (Cl_;alkyl)-carbonyl, (C, _,alkoxy) -
carbonyl, (Cl_4alkyl)-carbamoyl, carboxy -
(c alkyl) -carbamoyl, C,_.alkanamido,

1-4

f e salts and esters thereof, and derivatives thereof in

.:Q:‘ which one or more alkyl portions of a substituent of R

¢ & @

‘3.% 10 and/or R! are mono- or poly-substituted by NH2

'3‘{ and/or COZH and/or salt derivatives thereof.

& .

‘e % 4. A method according to Claim 1 wherein the non-toxic
'Y ] L]

I oxidising agent is selected from organic peroxides and

hydroperoxides of the general formulae

zcwéig

Sonet 3 4

%‘5 H R™-0-0-R (VI)

gsgddr s a.nd

R rR%-0-0H (VII)
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respectively, in which R®, R* and R®, which

may be the same or different, are organic groups.

5. A method according to Claim 4, wherein R?,

R* and R® are selected from alkyl groups which

may optionally be mono- or poly-substituted.

6. A method according to Claim 5, wherein substituents
of R®, R* and/or R® in general formulae VI

and VII are selected from halo, nitro, aryl and
substituted aryl.

7. A method according to Claim 1 wherein the organic
disulfide is cystine, penicillamine disulfide or a
non-toxic salt thereof and the oxidising agent is cumene
hydroperoxicde or t-butyl hydroperoxide.

8. A method according to Claim 1, wherein more than
one non-toxic agent is administered sequentially or
simultaneously.

9. A method according to claim 8, wherein cumene
hydroperexide or, t-butyl hydroperoxide is administered
first, followed separately by L-cystine or penicillamine
disulfide. 7

10. A method according to Claim 7, wherein the cumene
hydroperoxide or t-butyl hydroperoxide is administered in
a daily dose of up to about 50 mg.

11. ' A wmethod according to Claim 7, wherein the cystine
or penicillamine disulfide is administered in a daily
dose of up to about 3 g.

12. A method according to Claim 1, wherein an organic
alcohol is further present at the cancer site during
administration of the microwave radiation.

13. A method according to Claim 1, wherein the
microwave electromagnetic radiation is administered at a
frequency in the range of about 432-436 MHz.

14. A method according to any one of Claims 1 to 13,
wherein the patient is a human.

15. A method according to any one of Claims 1 to 13,
wherein the patient is a non-human animal.
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16. A method of cancer therapy, which method is
substantially as herein described with reference to the
Example.

DATED this 30th day of AUGUST, 1993
JOHN ALFRED GORTON HOLT

Attorney: IAN T. ERNST
Fellow Institute of Patent Attorneys of Australia
i of SHELSTON WATERS
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ABSTRACT
CENCER THERAPY AND COMPOSITIONS FOR USE THEREIN

A method of cancer therapy comprises administering to a
patient a non-toxic agent selected from organic
disulfides (e.g. cystine or penicillamine disulfide),
cxidiéing agents (e.g. cumene hydroperoxide or t-butyl
hydroperoxide) and organic sulfoximines (e.g. methiénine
sulfoximine), and while the agent (or more than one of
the agents) is/are present at a cancer site of the
patient administering to the cancer site an effective -
dose of microwave elégﬁromagnetic-radiation¢of frequency
in the range of about 400¥45Q MHz, preferably in the
range of about 432-436 MHé.
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