Chapter 8

THE CHALLENGE AHEAD

Regardless of our early confidenceptienoxodiol I donot believe that
early days, least of all myself, undestimated the huge mountain that we were about to have

to climb. We were all only too well awaref the appallingly high failure rate that
experimental amcancer drugs faced in eventually making it onto the market. The small
number of successful artancer drugs on the market today in light of the effort that has gone

into anticancer drug developant over the past 50 years puts into perspective just how much

the odds are stacked against successfully making it through the process.

In very broad terms, the figures usually quoted are that for every new drug that looks
promising in terms of its abily to kill cancer cells in the tettibe
+ only 1 in 1000 will make it through all the preliminary laboratand animakesting
and get to be tested in humans
+ of those drugs thaget to be tested in humans, less thaim 100 eventually will be
approved fouse in humans
+ the time it takes to bring a new agtincer drug from the concept stage to being
appoved for marketing is between-1@ years.

In other words, the statistics facing us were that the chancesewdxodiol making it

through all the testingnd getting approval for being used in cancer patients were about 1 in
10,000é.not a statistic to inspire confidenc
cost of bringing a new antiancer drug to marketas in the order of $350 mitih. Perhps

more sobering stilas the thought that there was no guarantee that the drug would ever get
anywhere near the stage of being approved, but that reaching that point of abandonment
could still involve the expenditure of anything between $25 million ab@03$million of
investorsd money. These are not statistics |
starting out lest they dissuade you fr@wven starting. Patience, perseance, blind faith,

risk-taking and very deep pockets are essential chaistate of scientists and investors alike

in this business.

If there is any reassurance about starting out on the development of acarder drug it is
that it is a welworn path where the mistakes and experiences of many before have led to the
creaton of wellestablished procedures. These procedures have been codified into guidelines



issued by the principal regulatory authorities such as the United States Federal Drug
Administration (FDA). These guidelines spell out key questions, mainly abouy safdt

efficacy thatmust be asked about any new am@ncer drug before it can be considered for
approval as a therapeutic. That is, you know up front what you have to do to get a drug to
market. Importantly from a practical point of view, these questwagposed in a stepise
fashion with each ste@gOésosanhtomkbly 6Ba0OPHg me
need to go back to the drawibgard to try and correct the problem, or if insurmountable,

that you abandon the project and thereby save youansglfurther unnecessary cost or effort.

0GO6 means that you are free to go to the ne
you have put one more key foundation stone in place.

Drug developmenis conducted in twalistinct parts. The first parthe secalledpre-clinical

phase, involves testing the new drug in the-teisé and in animals. This phase addresses
some fundamental questions about safety and the appropriate target cancers before taking the
major step of using the drug in humans,gbealledclinical phase.

Before you get to test out a new, experimental anticancer drug in humans, there are two
important questions to be answerefirst, does it work in animals, and second, how safe is it

in animals? These questions are -magotidle because no drug regulator, hospital
administrator, or doctor is going to allow anything to be put into a patiera trial basis

even if that patient has a litereatening condition with no other therapeutic options, without
having some confidencéadt the drug is likely to work, and some understanding of just how
safe or unsafe it is likely to be. No matter how sophisticated laboratory testing gets, there
really is no alternative to answering these two critical questions in anifftads studies
involved in answering these two questions cdusdi the bulk ofthe preclinical testing

phase.

The easiescenarian the preclinical setting is having a drug that is highly targeted. Usually
this has come about as a result of rational drug désignugs such asherceptin  and
avastin T whereyou knowfrom the outsetvhat the clinical target jsvhere you generally
also know how the drug is workingand where existing therapies have sbenchmark
outcomes in both the testbe and animal models against whithe new drug can be
measuredUnder these circumstances, fre-clinical testing prograncan be highly focused

in terms of the key objectives.

The harder scenario involves drugs suchiaasl and phenoxodiol  that have no readily
identified clinical taget because the drugwsrking acposs a range of clinical options. Plus,
themechanism of actiors usually unknown to start with and this may take quite a few years
to work out, cloudingany decision on whether the new drug is going to be more apgeopria

as a monotherapy or in combination therapy, and, if the latter, then what type of other drugs
is it more likely to work best withAll of this simply means that the pddinical phase
generally goes on for severgdarslonger compared to arug producd by rational drug
design befee the program becomes focused on a particular clinical target or set of targets.

If there is any solace in having a drug fitting into the harder scenario, it is that rationally
designed drugs have proved to be far lesscéffe than drugs discovered by accident such as
taxol , cisplatin ~ and methotrexate . There is nothing particularly surprising about

t hisé.cancer I s al mo s theadedMedusaliken beasstonvolvieg as u ¢ h



multitude of underlyingurvival mechaisms, that a blunt instrument capable of delivering a
crude but fatal injury to the heart of the beast (namely, the nucleus), has to be more effective
than a precise strike against just afiehe many heads hatharsh reality igeflected in the

fact that drugs such aserceptin  and avastin , for all their sophisticatiorand smart
computerised desigrdo little more than provide sherm benefit to susets of patients

with particular forms of canceBlunt-acting drugs such as the platinums and thartex and
alkylating agents still are the healfgers of cancer chemotherapy.

So | et 6s as stubmstudieshhave reached a pomtsmhere you are satisfied that

you have a drug that is killing cancer cells to an extent at least, if not gteateexisting

drugs, and that its toxicity against cancer cells is sufficiently greater than that agamst non
cancer cells to give you confidence to proceed. The next step is to see if the drug can still kill
cancer cells or at least slow their growthaisetting more akin to the human body than a test

tube. The normal way of testing this is to use a strain of mouse that will tolerate the growth of

a human cancefThe mice in question are special micghey have been bred toave a

defective immune syste as a result of lacking a thymus gland-¢sdied athymic mice).

They are likethesoal | ed &ébubbl ed children who are bo
and who need to spend their lives in isolation in a plastic bubble because their immune
systems lackhe ability to fight infections. Everyday organisms that surround us that you and

| have learnt to live with, almost certainly would prove to be fatal in these chil@hen.
particular strain of mice used tomekepgiunder pr oc e
sterile conditions in order to survive. Just as the immune system of these mice cannot fight
foreign organisms such as bacteria or viruses, so it is unable to fight foreign tissue such as
human cancer cells. When human cancer cells agetag into the body of these mice, they

grow and flourish just as though they were in a human body. Most forms of human cancer

can be grown in these mice, making them an ideal model to test a new anticancer drug.

An athymic mouse bearing a tumor stemmin g from human prostate cancer cells injected
under the skin on the shoulder

Human cancer cells injected under the skin of these mice usually will grow over a period of

3-4 weeks into solid tumours that ultimately would kill the mouse in the same wai that

would the human patient from which it came. This model provides as close to the real thing
that it 1is possi bl e t o gcancerabitty. Oypichly the mice t est
are treated daily with the test drug for abottOrdays, and #heffect of treatment on the rate

of growth of the cancer determined by directly measuring the size of the tumour mass as it
appears under the skin. There are no hard and fast rules with this model, but in general terms
new test drugs are only consideredbe worthy of taking further if they reduce the rate of



growth of the human cancer in the mouse by at least 60% compared to mice where no drug
treatment is given. Any new drug delivering at least a 60% reduction in tumour growth in this
model generally i€onsidered as an important and highly promising newcanicer agent.

That is not to say that any drug delivering, say, a 40% reduction in tumour growth is unlikely
to make it any further, but experience has shown that the odds of success in humans where
that is the case lengthen considerably.

It is still a huge leap for a drug to go from providing an anticancer effect in mice, to working

in humans, and the fate of most experimental anticancer drugs is that never successfully
bridge that gap. Cupboards medical research laboratories and pharmaceutical companies
around theworld contain hundreds, if not thousand$,longforgotten experimental drugs

that have successfully stopped the growth of human cancers in mice. And the reason they are
longforgotten i s that they didndét deliver any mean
got to be tested in humans.

There are a couple of good reasons for $sipsciesgap. One is a simple practical issue that
has to do with the drug gaining access to the carederThe drug is never going to get better
access to the individual cancer cell as it will in the-telse, where the drug is presented with

a single layer of cancer cells to which it has unlimited access for as long as it takes to work.
The same canceells grown in a mouse present a significant-stegor the test drug, but a
relatively small mass of a single tumour in a mouse is a considerable way from the human
situationwhere the drugisually is presented with multiplirge, often impenetrableasgs

of cancer cells

The main reason for the gap, however, has to do with the purity of the cancer. Human cancers
are heterogenous populations. That is, within the one cancer, there are multiple strains of the
same cancer ét hey alallclosetyoekated, butthey do digplay dédferestht a r e
behavioural characteristics such as sensitivity to different anticancer drugs. When a cancer
cell line is established and perpetuated in tissue culture, that derived cell line comes from a
single subpopuation of cancer cells. When that cell line is injected into a mouse, the ensuing
tumour contains a single population of cancer cells.

We donot know for certain what creates thi:¢
although a likely explanation that it is the result of the same original insult (eg. a chemical

or a virus) coincidentally causing different cells to become cancerous in different ways.
Cancer is rarely the result of a single insult or event. Generally it happens over years and
represats a progressive accumulation of damage by the initiating cause such as a chemical,
virus, radiation etc. It is difficult to believe that exposure of any tissue containing billions of

cells to such continuous insult over years is only going to resuéiricet arising in a single

cell. It is far more likely that it will arise coincidentally in a number of cells. And while it is

true that all in an individual body are genetically identical, cancer cells are the exception to

the rule.

Cancerarisesasthesul t of damage to a cell 6s DNA, an
of DNA, it is not too difficult to imagine that different cells are going to suffer different types

of DNA damage, resulting in discrete populations of cancer cells within the one.cCBineer

different cancer cells that go to make up the overall cancer are all of the same tissue type and

all will look the samé eg, they are all prostate cells or breast dgelist they can be different

in subtle ways. One important way is their capattyespond differently to drug treatment.

For example, within the same cancer, some of the cells may respond very well to a particular



drug or to radiotherapy, while others less so, and others not at all. This variation in sensitivity
to therapy appears tee tied up to the type of DNA damage that the original cells incurred.

This heterogeneity is why cancers can respond well in humans in the first instance to
anticancer therapy and virtually shrink away almost to nothing, only to return months or
years léer with renewed vigour and often showing far less responsiveness to repeat therapy.
All that has happened is that at the time of therapy the cancer was populated mainly with
cells that happened to be sensitive to that particular therapy. The deathecsehstive cells

led to the cancer shrinking dramatically, but leaving a residual tumour composed of some
minority cells that survived because there were insensitive to the therapy. With the dominant
cells gone, the remaining cells are now free to grohindered, resulting in a new cancer
with a quite different drugesponse profile.

Getting back to the predictive value of mice, the cancer facing the test drug in the mouse is a
single, homogenous populatigbecause all the cancer cells were derived fremgle cell

line) that will show a uniform response to the drugth that response ranging from no
response to a highly sensitive response. That is in contrast to the challenge facing the drug in
humans, where there will be a mixture of populations,esamresponsive and some highly
responsive.

Giventhese shortcomings, it might seem strange to put so muchriaatiimal moels such

as the athymic mouse, bilte reality is thaho-one has come up thi a system that is a more

reliable predictor of efiacy in humansMost new drugs that show some efficacy in mice
dondédt pass the grade when eventually tested
some test drugs confined to the trash bin because they failed to work in mice but which may
have delered the goods if they had ever got to be tested in humans. But we work with what

we have, and fahe moment, the athymic mouse remdhesbest model.

Before embarking on the cruciahakeor-break step of seeing ifthe drug will show
anticancer activit in the athymic mouseyou want to be confident that the test drug is
reaching the azer at levels that wilbe likely to work. The tediube studies will have
provided some idea of the level of drug required to kill all cancer cells, but that is bader t
most ideal conditions available, and so for the considerably greater challenges facing the drug
in the body, the general rule of thumb is that you will need to aim for abetimn&® that

level in the blood. With thatrgetin mind, preliminary dosingstudies are conducted in mice
without tumourgo see if achieving those sorts of blood levels is pracfidadse studies are
referred to apharmacokinetic studiesneaning that you are following the level of the drug
inside the body over time.

The first matter to think about iflow to get the drug into a mows¥ou hope itwill be
straighiforward, and mostly its. Usually it is no more difficult than dissolving the drug in
water or some other suitable solution and injecting it under the skin of theemalsou

need to do then is to take a blood sample from the mouse 30 minutes or so later and show that
the drug is present in the bloodstream. Unfortunately for a small proportion of drugs, it is not
as simple as this. Problems can arise when the dalg@st completely insoluble in water or
another suitable solvent, making delivery by injection virtually impossible, because if you
canot dissolve the drug in water, then it i
the oral route is genehala suitable alternative. There is still a fair bit of wodquired to

work out how to gean exact amount adrug down the throat of a mouse, but that is not
insurmountable. Again, a blood sample collected about 30 minutes after dosing to



demonstrate #presence of the drug in the bloodstream is all that is needed to confirm this as
a suitable method of dosing.

Once you know that you can get the drug into the bloodstream, the next issuan s
get it there at levels that you think might have ande of workingandwill the drug stay
there long enough to wdPkThe first & these issues is simple enough (1B& optimal test
tube dose), andtar that, it is a relatively simple matter of working out a suitable dose.

It is one thing to achieve thsort of drug levels in blood that you think might give the drug a
chance to work, but the second part of that issue is how long those levels will last. The term
used to descri be thalfilifs, orihe tinee thatda takes for$alf Hoeug r ug 0 s
present in the body to disappear. Some drugs have -#fbatieasured in minutes, usually

the result of the body vigorously attacking the foreign chemical and actively breaking it
down. In those cases there would be little point in going on. The esparience with anti

cancer drugs in the tesibe is that they need to be present for at least several hours in order

for them to work their magic, so it is difficult to see any drug with a-lifalfof an hour or

less having any meaningful effect.

Themore usual situation with antancer drugs is that they remain intact in the body and are
eliminated from the body by excretion in the urine or other body fluids (faeces, perspiration
etc). The haHife of these drugs usually is measured in hours, &flyicanging from about 4
hours to 24 hours. With drugs suebk antibiotics where it is important to maintain fairly
constant levels of drug in the bloodstremnorder to keep a constant barrage up against ever
dividing bacteriaand where the typical Halife is halflife is 4-6 hours, it is necessary to
take them 34 times daily. With antcancer drugs, it is najuite soimportant tomaintain
constant blood levelever a 24hour period and in fact with some of the more toxic anti
cancer drugs, a puitgy approach (yielding peaks and troughs) is far more preferable than a
constant body level. Generallpy just need to ensure that you get reasonably good levels for
about 812 hours each day. In the case of mice being used for a preliminary testcaineeti
efficacy, providing that the drug has a Hi of at least 4 hours, then a single, large dose
usually is enough to see if it is going to work or not.

Once you have confidence that you can get the drug into the bloodstream at appropriate
levels and to keep it there for an adequate time, then the third and final issue to think about is
what cancer type you are going to us&/ith drugs such aserceptin  (breast cancer),
tamoxifen  (breast cancelndgleevec (chronic myeloid leukaemia) that were dgsed for

a specific cancer target, t her e disglannd tor any
methotrexate  Or phenoxodiol ~ discovered without any particular cancer type in ntad
present something of a dilemma. These sorts ofcamiter drugs argo broadly acting across

a wide range of cancer types that you inevitably fall back on a degree of educated guessing at
this early stage. The point of the initial animal studies is that it is nothing more than a signal
as to whether or not the test drugshanticancer activity in a far more complicated
environment than a tetbe. The decision about the ultimate cancer target to pursue in
humans is a long way off, probably several years. All you want to know at this point is that
the drug can kill cancezells, any kind of cancer cells, in the whole body.

A harsh reality is that having a drug that is killing, say, 18 out of 20 different types of cancer
cellsinthetest ube, doesndét necessarily mean that i
broad range of cancer cells when those cells are growing in mice. So this is where the
educated guessing comes in. It is usual to choose a small number (typically 3 or 4) of

c

t



different cancers to start with, eg. a prostate, a lung and an ovarian cancersgesiftthere

is any anticancer effect in mice. The educated guessing lies in assuming those types of
cancer that you think might be most responsive, based partly on thHebestsults and
partly on how you think that the drug might be working. kmsirely possible that you might

get it horribly wrong and pick 3 cancers that are completely insensitive to the drug in mice,
and overlook the one cancer that might be exquisitively sensitive. That is unlikely where a
drug shows broadanging activity inthe testtube, but it still is a risk that you run.

Assuming that the preliminary mouse studies are successful, and that you achieve at least a
50-60% reduction in the growth of at least one cancer, and assuming that the mice have
survived the treatmenthen you can allow yourself the luxury of believing that you have a
promising anticancer drug. You now have the justification to take the project to the next
stage, which is to conduct more extensive animal testing, the primary reason being to
establishhe drugbés toxicity profile.

Toxicity is the next potential major rodddock facing the drug. The mice have survived the
challenge of being treated with the new drug to the point where they survived long enough to
show that it slowed down cancer growthfbut hat hardly qualifies it
safed drug. The initial a ni ma lcancert progertiess de s
usually involves treating the mice for only aboufi 720 days. With longer courses of
treatment, such as thosedik to be used in humans, significant safety issues might well
emerge. The purpose of the next step is to characterise the safety profile of the drug as much

as possible in animals, as an essential step in being allowed to proceed into humans. This so
called animal toxicity program will take approximately 2 years, and if done in full, cost

several million dollars.

There is an expectation that all acéincer agents will be toxic. The drug has been designed

to kill human cells, and anything with that capgds likely to have some unpleasant side

ef fects. It is just a matter of degree é whe
equal measure, or where the difference is reasonably small, then the drug is not likely to go

any further in its deMepment. The challenge is to find a drug that delivers a meaningful anti

cancer effect without lif¢hreatening consequences.

A drugbés toxicity traditionally is determin
Instead of using nude mice as befothis process uses normal, healthy mice. The drug is
injected into the mice, usually daily for about 6 weeks, in order to characterise the nature of

the toxicity and the amount of drug that will prove to be fatal. Providing that that amount is
greater tn what is needed to kill cancer cells both in thettdst and in the nude mice, then

the outcome is a 06GO6O. I f not, the drug is u

Before any experimental drug is allowed to progress into human testing, most health
authorties around the world insist on a complete safety profile of the drug in 3 animal
species. This is a comprehensive and exhaustive process that requires giving the drug on a
daily basis for up to several months to animals, recording any changes in tlasiobeland

health over that time, and conducting extensive -pustems at the end of the study to
determine what sideffects the drug is having on the body. The time and cost of this are so
considerable that it is only done for those drugs where thsidedias been made to go into
human studies. The first animal species to be tested usually is the rat. The second species
usually is the rabbit. The third usually is the dog, although sometimes the pig or monkey.



The purpose ofhis entireanimal testings to give us an idea of the sort of toxicity that we
will need to be aware of when the drug finally is given to humans, as wglidanceto the

sort of dosage that we need to think of starting with in humans. All animal species have
sufficiently different constitutions that we can expect them to react differently to different
drugs. A drug that proves toxic in a rat
dog or even in a human. Equally a drug that proves to be well tolerated by lvhits ox
dogs, is no guarantee of its safety in humans. As imperfect as this system is, it is the best we
have and is a prudent preliminary step to taking the drug into humans.

,d

The preclinical phase, running from the time a promising new drug is idedtiiin the
laboratory, through to the conclusion of the animal toxicity studies, typically takegedrs.
By the time this is over, it is expected that we would have a pretty good idea about:
x the type (or types) of cancer that we are likely to want geetan humans;
x the types of toxicity that we might expect to encounter in humans;
x the dosage that we might be aiming to use in humans;
x how we are going to administer it to humans (eg. by injection or orally; given once or
three times a day);
x how we are gaig to use it as an arntancer agent (eg. on its own or in combination
with other anticancerdrugs).

There are a few other pofinical questions still to be addressed, not the least being how the
drug works, but answering that question is not a pretiondio moving the drug into the
clinical phase of testing. Plenty of drugs, as@ncer drugs and others, have only had their
mechanism of action fully understood after being on the market for some years and after
having been used in some tens of thousarigatients.

The clinical stage of testing marks an exciting time for any team developing a new drug. No
matter what level of confidence that you might have in the new drug, and what level of
understanding that you think you have about how to use tgg tlie move into humans
represents a huge leap into the unknown, carrying with it a blend of fears, hopes,
uncertainties and setfoubt.

Clinical testing is condued in fourdistinct seps, designated Phases 132nd 4 There are
no hardandfast ruks governing these phases, and they tend to blur around theasdges
overlap to a certain degres the following is a general description of these four steps.

This first step is mainly about
B understanthg how the new drug behaves in the p@hd how the body responds to it
B gaining a basic understandingitsf safetyand being confident that toxicity is not an
insurmountable problem
B learning how to use the drug and determining an appropriate dose rate
B generallyfamiliarising the investigatonsith its use.

Usually Phase s subdivided into two separate stepfhase laandPhase 1b

A Phase 1a study, beirige firsttentative step into humanspnsequently is conducted in a
very cautious and conservative manner. Its main purpose i®koatothe pharmacokinetic
profile of the new drugThe mouse pharmacokinetic studies will have provided some
guidance to what to expect, and it would be unusual for the two species to be radically
different, but nevertheless it is vital to be sure thatilitbe possible to get the drug into the



bloodstream in potentially meaningful amounts, and to understand how quickly the body is
eliminating the drug and how it is eliminating it.

The amount of drug giveat this stage normalig well below the levesuspected to have any
toxicity based on the animal studies. For example, it is common to give thenfiestise of

the drug in humans at a dosage -tereth (on a body weight basis) of the dose deemed in
animals to be netoxic. That normally is a remarkabbmall dose, usuallgiven over no

more than 1 or 2 days. For that reason, a Phase la study often is conducted in healthy
volunteers with no more than abou6 3ndividuals being used.

The Phase 1b study represents a much bolder step. The main purffosetefp is to define

the safety profile of the drug, with the drug being given exactly as it would be if it was being
used to treat cancer. Based on the overwhelming experience witaaoér drugs that they

come with substantial safety issues, themfanction of the Phase 1b step traditionally has
been to determine the highest dose of the drug that can be administered before the drug
becomes unsafe to use. This means starting with a low dose of the drug, and progressively
increasing the dose untilsafety ceiling is reached. The dose just below that ceiling is known

as themaximum tolerable dog@r MTD) and generally becomes the dose to be used in all
subsequent testing. I t do e s-efféectsi insenplymeans at t
that the sideeffects aremanageable andonsidered sufficiently tolerable to not be dife
threatening.

Phase 1b studies are conducted in cancer patients. Where a drug is being developed for a very
specific type of cancer (egleevec and chronic myeloid leukagay or herceptin  and

breast cancer), the patients used in the study normally have the target cancer. However, for
most other new drugs that show broad-aaticer activity, it is usual for Phase 1b studies to

be conducted in patients with any type of canBéase 1b studies typically involve about 30

40 patients, and involve the range of cancers normally seen in any busy oncology ward. The
patients who valnteer for Phase 1b studies typig@ave terminal cancer and have failed all
forms of conventionalnerapy. For them, there is little to lose by participating in a trial of a
new drug, even though they are made well aware that there probably will be no direct benefit
for them. It is a mark of the unselfish altruism of such patients that they are happy to
contribute to the possibility of a new drug being developed that leads them to subject
themselves to the unknown. Of course there is always the possibility that the test drug may
deliver a marked anttancer effect in some Phase 1b patients, but the addstacked
against that for a couple of reasons. One is that the main purpose of a Phase 1b study is to
determine the maximum tolerable dose of the new drug, which nséamisg very low and
gradually working the dosage higher. That means that mose éftthse 1b study will involve
dosages likely to be too small to be effective.

The other reason is that most Phase 1b study patients have advancediakéhed and
aggressive cancers that have failed all standard forms of chemotherapy, and to agpect a
drug to have any meaningful effantsuch a situation ignrealistic more so when you have
yet to understand how best to use it

It is uncommon for drugs to fail at the Phase 1 step. Unexpected-gujogrelimimation of
the drug from the bodgr unexpected severe toxicityould be two reasons for failued this
stage but it would be highly unusual ncounter either problem aftan extensive animal
testingprogram

h



At the conclusion of Phase 1 studies, gbould have a good understanding of
the best wato administer the drugfal or intravenous)

the frequency of dosin@g.once a day, or every 4 hours, or continuously)
to what extent the drug is broken down by the body

how the drug is excreted from the baatyd how quickly that happens
themain sideeffects to expect

the maximum tolerable dose

= =4 =48 -4 -8 -9

Armed with this basic information, and satisfied that the drug is not too toxic to use, you then
are able to proceed into Phase 2.

HIEEEY”  The mainobjectives in this step are
B to answer the ke g u e s tdpbes the drug provide any meaningful asancer

effec?
B to decide on the clinical target (type of cancer, stage of disease etc)
BmMto | earn mor e adffactuptofiletandewhetheruhgré are any aderse

interactions with other comonly-used drugs
B to answer as many questions as possibteut the design of the athportant Phase 3
study

The harsh reality is that théate awaiting most experimental antincer drugs that reach
Phase 2 is failure. Mostlpecause they are ineffecte |, or ttpoede endumm 6
additional benefit over existing theraptesustify going any furtheror the exposure of more
people b higher doses of the drug reveals an unacceptably high lehfe-tireatening side
effectsnot encountereth Phag 1.

This means using the drug in a way that is intended to treat the cancer, and to use it in
patients with the specific form of cancer for which it is intended that the drug will receive
marketing approval. The number of patients required for a Phag&l varies enormously
depending on the type of cancer and the degree of benefit expected. For example, in the case
of gleevec , a phase 2 study was conductedomly 37 patients with chronic myeloid
leukaemia, ofvho 34 went into remission as asult oftreatment. With other drugghere the

benefit topatients with breast or lung or prostate cancer might mean an extension of survival
of 6-8 weeks over an iBonth period, Phase 2 studigsght mean having to useindredsof
patientsin order to detect thamall benefit

One of the hardest allenges for a drug developer candexiding on the clinical targelif,

like gleevec , the drug has been designed watlparticular cancein mind, thenthat is one
challengey ou donodt .Or# yoa havem duf that ie preclinical studies provet

be headand shoulders better against a partictyae of cancer, then thdrug preelects its
clinical target.However,for drugslike taxol , cisplatin , methotrexate ~ andphenoxodiol

the represent the gredulk of anticancer drugs either developed or being developed, they
are active acrosswide range of cancemith no single cancer being a stamdlt, and this is
where the challenge arises.

Commercial imperatives (eg. size of potential market, number opetiine products) and
regulatory issues (eg. ease of gaining marketing approval) come into play in any decision
making process as much as scientific factors. And even when you select a particular type of
cancer, you then have to decide whether you profmosee it as a firdine therapy or as a



lastline form of salvage therapy, or whether it will be used on its own or in combination with
other drugsorwhatthe naturas of any anticancer benefit that you are expecting to achieve
(eg. tumour shrinkag®r something less dramatguch as delaying progression of the
disease)Once on the market and freely available, doctors are entitled to use -aareeti
drugoff-label, meaning that it can be used in any way that the doctor believes will benefit the
patient. But in order to get the drug on to the market in the first place, it needs to be approved
for use in a particular cancer in a very specific Widyatapproval will rest on the outconod

a Phase 3 study, bbtck here in Phase 2, some hard decisitbiave to be made that will
guide thedesign of anyuture Phase 3 study.

It is not uncommon for drugs to undergo a number of different Phase 2 studies as part of the
process of coming to a decision the preferred clinical targeind the Phase 2 ste@art be

the longest and most expensive part of the whole development path for that reason.llThis is a
part of finetuning an understanding pff not how best to use the druthen how best to
achieve marketing approval

Having bitten the bullet and made decision on the likely clinicalarget (in the full
knowledgethat that decision might change32imes over the course of the next couple of
years),an initial Phase Ztudy €alled aPhase 2astudy) is started, usually with a single
maj or o0 b josae if thereds agy.clinital benefit with the new drug. Usumdhefitin
this case igneasured empiricallyneaningthat clinicians rely on their clinical experience
with such patients to determine whether or not there has been any tumour reSyi@msze.
spread oftwo or three dferent dose ratess employed with a doseaesponse effect
(increasing benefit from increasing dosage)viding even furtheevidence of efficacy.

Safety is another key observatianthis stagewith a significantly largenumber of patients
50200) providing the first o p-pfeat profile iwhep t o
being used at its maximum dose rddeug interactions also are an important observation,
checking to see whether the new drug blocks or acdestule effects (both positive and
negative) of other drugs (such as painkillers, antibiotics etc) commonly used in patients with
advanced disease.

If a Phase 2a study is about getting an indication of the presence of -sara@r effect, a
Phase 2b sty is about quantifying that effect and being @iartof that positiveeffect
through a statistical comparison against a control arm of patients receiving either no
treatment or standard treatment.

This phase has a single key objective
B to generate the data to support an application to regulators for marketing approval.

The design of the Phase 3 study represents the sum total of the knowledge and experience of
the drug gained to date. In reality for most aatncer drugs, that knowledgeramarkably
elementary. The great bulk of our understanding of the most appropriate way to use-any anti
cancer drug comes later, once it is approved and freely avaialthee market and following

the collective experience from itse in thousands of pamts across a wide range of clinical
conditions.

Again, the number of patients involved in Phase 3 studies varies enormously depending on
the degree of benefit expected. About 400 patients would be close to a minimum number,



with trials involving 5,00(patients not uncommoWs a general rule, the smaller the clinical
benefit, the greaterumber of patients isequired.

Phase 3 studies normally are conducted in a controtledbleblind manner, thereby
removingany elemenof bias from the outcomé&his usually means that the new drug needs

to be compared to standard therapy, with neither patients nor medical staff knowing which
therapy individual patients are receiving. This requires extraordinary lengths to ensure that
everyone remakeougcomgbl i ndedd to th

Phase 3 studies usually are designed in collaboration with the regulatory authorities. Given
that the same authorities are going to be reviewing the Phase 3 data and making a decision to
approve the drug, their input into the way the studyesighed and conducted is essential.
Agreement normally is obtained beforehand on the numbers of patients to be involved in the
study, as well as the minimum clinical benefit that will need to be obtained.

At the conclusion of the Phase 3, all of the clihidata (and for several thousands of patients
this typically is measured by the setrailer load) is collated and sent for review by a body
such as the FDA. The crucial factors for consideration by a body such as the FDA are that the
new drug be deliveang a clinical benefit that is meaningful and sufficiently superior to
current therapiet warrant being allowed on the market, and thataicancer benefit be
gained without significant sideffects.

Each country has its own regulatory approval pss¢ although the basis requirements in
relation to Phase 3 trial design and the interpretation of the data are essentially common to all
national jurisdictions.Most drug developers elect to run their Phase 3 study under the
auspices of the US Food andugrAdministration (FDA), in part because the US represents
the largest single market for an acéincer drug, and in part because the FDA generally is
recognised as the gold standard in terms of rigour, and FDA approval, while not an automatic
guarantee o@pproval in other jurisdictions, remains anportant reference point for other
countries.

Phase 3 studies typically are conducted as malibnal studies. In part this is driven by the
need to open as many recruitment sites as possible in orderiéveacapid enrolment of
patients.But also it can be part of a deliberate strategic step to ensure the involvement of
patients across a number of major jurisdictions.

Approval as we have noted earlier, is for a particular application in a particulap gfou
patients. That is the indication that must appear in all literature relating to how to use the
drug. Companies cannot make claims for its use in any other circumstance, and insurance
companies are entitled to limit reimbursement to that particulaicappn. Despite this,
doctors are free to prescribe and use the drug in any way that they sesufiting its use in
non-cancer patients.

The mainobjective of this phase is
mto extend knowledge of the drugbs safety

This is apostmarketing phase. It represents the collection of data from health professionals
on an ongoing basis for as long as the drug remains on the market. The use of the drug in
many tens of thousands of patients, across a wide range of circumstancesrasahirolled



conditions, provides an opportunity to obse
possible to reproduce in clinical testing.
safety issues and drug interaction issues that overdilow regulators and doctors to build

up a comprehensive safety

profile of the drug.



Chapter 9

GETTING TO KNOW PHENOXODIOL

The horizon for anyrug developer seesra long way off at the start of the jouréeg é
somewhere betweerDland 12 yearsni f a c t . s iffevedythinglg@es €moothly. Anti
cancer drugs can take slightly less time to develop than other drugs because-the life
threatenig nature of the disease and #iEsence of treatmeaoptions for many cancersean
thatthey are allowed to take some shotits. Some anttancer drugs have gone from bench
top to market in a matter ofg years, but that is highly unusual. Most ar#ncer drugs take

the more usual longer time of about 10 years, and hhatprovedto be the @ase for
phenoxodiol

Phenoxodiol  turned out to have a very sign#ict advantage over virtually evestherantr
cancer drugn that it is without any detectable toxicity. That feature alone should have
shortened its development program considerably, garverselythat very berefit also
became something of a burddis highly selective toxicitymeantthat it had aunique
mechanism of actigrand that uniquenessade making a decision alidhow best to use the
drug particularlychallenging.

Our knowledgef phenoxodiol in its first year of lifewas limited to threéactorsi first, that

it was broadly effective (in the tetibe) against a wide mge of human cancer cellsecond,
that it was Killing those cancer cells by the processpoiptosis and thid, that it was highly
selective against cancer cellss sketchy as this wad, at least represented the thiesy

factors that most people would consider fundamental to a successftduacer drug.

The fact thaphenoxodiol ~ was able to kill a wide raye of different types of cancer cells in

the testtube was highly unusual. At that time there was no such thing as a universally
effective anticancer drug that would work effectively across most, let alone all, forms of
cancer. Even the most potent azdncer drugs are enormously variable in their activity
against different types of cancegisplatin , for example, is highly active in the tdsbe

against ovarian cancer cells, and for that reason was the drug of choice to treat ovarian cancer
for many yars. In contrast, its activity in the tdsbe against melanoma cells or bowel
cancer cells is so weak that it is rarely if ever used in such patients. It takes abetitnE300
morecisplatin  to kill melanoma cells in the tesibe than it does to kilhe same number of
ovarian cancer cells. Translating that effect into a patient with cancer means that to have any
effect against melanoma, the dosecisplatin  that would need to be given to have any
meaningful anticancer effect would be fatal to the ipat. For this reason, oncologists have



learnt by experience that only certain anticancer drugs are worth using for each type of
cancer. They also know that for some cancers such as melanoma and cancer of the brain or
gall-bladder, standard chemotherapy vistually ineffective because the cancers are so
insensitiveto the amount of drug that cée used safely.

Thi s was n 0t phehokodtol c Bhe @ugwhowel activity against a broad range of
different cancer types, and more significantly was ac#gainst these different cancers
within a fairly narrow dose rang®#/hereas a drug likeisplatin ~ showed a 100€old spread

of activity across a range of cancer types, the spreadpwdtioxodiol was only about 10
fold.

Our preliminary testube studies &d used a panel of different types of human cancers
including ovarian, prostate, breast, pancreatic, leukaemia, lung, cabrecesothelioma,
glioma, cervicaland rhabdomyosarcoma cancer cells. Those cell lines had been selected on
the basis that they peesented a crosection of human cancers from widely different tissues
and with widely different causes. Breast, prostate, ovary and colorectal cancers were 4 of the

5socall ed 6Westernd cancer s, whi ch i s rewher e

thought to be associated with lifestyle risk factdteng cancer and mesotheliomare

selected because they are associated with carcinogenic chemicals (nicotine and asbestos).

Cervical cancer is known to have a viral (papillomavirus) associationhdncase of
leukaemia (blood), pancreatic (pancreas), glioma (brain) and rhabdomyosarcoma (muscle),
the cause of the cancers are largely unknown, which in itself was a relevant reason to include
them because it brought into play the possibility of causeslaied to lifestyle factors,
chemicals or viruses.

While this panel of cancer cell lines was by no means a comprehensive representation of the
full range of human cancers, it was sufficiently diverse both in terms of the types of tissues
involved and theauses (diet, viruses, chemicals) of the cancers to suggegiehaiodiol

was a likely to be a relatively comprehensive -gaticer drug irrespective of where the
cancer arose or what caused it. Subsequentuieststudies conducted in the years ahead
confirmed this thoughtPhenoxodiol  ultimately proved to be active against all forms of
human cancer against which it was tested in thetuést including cancers such as
melanoma and cholangiocarcinoma (gddladder cancer) which as we noted earlisx a

notoriously resistantto standardantae ncer drugs. What we didnot

why phenoxodiol ~ was able to kill all forms of cancer when most other anticancer drugs
couldndét. That wunder standi ng s$pecboktheastorygthat e r
we will look at shortly.

The secondmportant piece of information that we had at the start ofptie@oxodiol
programme was that the drug was killing cancer cells by the procegsopfosis.When
phenoxodiol ~was added to canceelts in the testube, the first thing noticefwithin 20
minutes)was an inability of newly divided cells to enlar§y®hen a cancer cell divides, the
two daughter cells are about etird the size of the parent cell, and take a few hours to
reach full sze. In the presence @henoxodiol , newly produced daughter cells failed to
enlarge. At this early stage, all cancer cells asplayed signs of undergoing respiratory
distress. This was followed within 12 hours by cells being unable to divide, and 2448
hours bythose same cells themdergoing apoptosis.

The apoptotic effectvas relevant because this is the way that almost all anticancer drugs as
well as radiotherapy kill cancer cells. Apoptosis is the process by which all of our cells,

5



cancer a well as healthy, die. It is a natural process that goes on in our bodies every second
of our lives. It is the way that all of our cells die in due course and is a remarkable design of
Nature to ensure that all of our cells are replaced on a regular Bhsisnain reason for
wanting this regular turover of cells is because of the normal background level of potential
DNA damage that our cells are exposed to from the time of birth. Viruses, chemicals, and
simple weafandtear are just part of living, altapable of inflicting damage to the genetic
apparatus of our cells. If our cells were not replaced regularly, the steady accumulation of
that damage over a lifetime would almost certainly ensure that we would suffer far greater
risk of getting cancer thawe already do. And this is where the cleverness of Ngture
intelligent design if you prefer)magine having to design a seléstructing system where

you want a cell to die after, say 3 months as in the case of a white blood cell, because you
were worred about it suffering potentially serious damage to its DNA in that time. The
problem then becomes, how do you rely on adestruction mechanism working when the
damage to the cell might result in the sddtruction mechanism itself being disabled,
leading to the cell going on to live well past its-bsedate? Such an outcome would almost
guarantee the steady accumulation of potentially cafiocaring cells in the body. So the
system that has evolved one where the seffestruct mechanismill still operate in the face

of any fatal damag to the cell, and in fact wilbe triggered because of such fatal damage.
The process of apoptosis is what Nature cleverly came up with to get around this problem.

Apoptosis relies on the fact that our cells hawvevork continuously from the moment they

are createdo stop from dying. Life is a long way frorthe passive process that we
instinctively think it to be. Every cell in our body, from the moment of creation until we die,

is being told continuously by oupty via chemical messgers to die. These-salleddeath

signals if allowed into our cells without restraint, would kill us in a matter of hours. To stop
this happening, every cell fights on a continuous basis to resist the death signals. As long as
the cell remains healthy and is able to resist, then it is able to stay alive. Should it become
damaged, however, it loses the ability to resist the death signals and the cell will die.

Cellssefdest ruct because of a O&époli.somlmhipsi |Id pdo icsoonrt
enzymes known asaspasegcysteineaspartic proteasgsthat are stored in tiny sacs within

each cell. These enzymes are highly destructive and literally digest the cell from within if
they are released from their sacs. Releasspases will autaligest a cell within a matter of

hours. Releasing the caspases from their protective sacs is what the death signals are trying to
achieve. To stay alive, cells need to vigilantly resist these death signals, which they do by
putting a protetive shield around the caspase sacs. This shield is made up of proteins which
the cell needs to make on a continuous basis and which act as decoys, absorbing the death
signals and thereby maintaining the integrity of the shield. If the cell becomes diindige

point of not being able to repair itself, it stops making the shield and the caspases are
released. This is the process of apoptosis.

There are a number of fundamental structural features that distinguish a cancer cell from a
healthy cell, but oa important difference is in the protective shield that surrounds the caspase
sacs. Cancer cells make significantly more of the protective shield proteins than normal,
healthy cells, meaning that the apoptotic mechanism in cancer cells is essentiatlyoftirne
because the caspase sacs are surrounded by an impenetrable barrier. The sort of damage that
would |l ead a nor mal cell to stop resisting t
a cancer cel |l . Thi s 0r e sghsompared te dorntalecells thah ¢ an
they are virtually indestructible. This is why cancer cells are able to resist all attempts by the
body to eradicate them, and why cancer cells have the capacity to live forever. Cancer cells



do die, particularly in rapidlygrowing, large tumors, but that is because the tumour is
growing faster than the body can build a blood supply to keep it provided with essential
nourishment. In that situation, cancer cells are dying only because they are starving to death.
Where they hae access to plenty of nutrients, they will live forever.

Anti-cancer drugs and radiotherapy are able to kill cancer cells because they inflict such
catastrophic damage on the cell that the protective shield surrounding the caspase sacs
becomes meaningles. The damage that these agents i n:
mostly on the DNA, is so severe that the cell is not only incapable of repairing the damage,

but is incapable of performing most normal functions, including being able to produce the
protective shield that surrounds the caspase sacs. The consequence of this is that without the
shield, t he Iprestnt desth gigeals@me ahlead kill yghe cell, just in the way

that they were intended.

The problem for the rest of the bodywever, is that this level of damage is not confined to
cancer cells. Healthy cells are just as susceptible to the destructive forces of chemotherapy
and radiotherapy, rendering them just as susceptible to apoptosis, perhaps even more so since
their levelof protective shield surrounding their caspase sacs is howhere as high as in cancer
cells. The fact thaghenoxodiol ~was so toxic to all forms of human cancer and was killing
cancer cells by reconstituting their sdéstruct mechanism in the same way tither potent
anticancer drugs and radiotherapy did, begged the obvious question as to whether
phenoxodiol ~ might have the same blunderbuss, sspecific damaging approach that
radiotherapy and drugs sueglethotrexate ~ andcisplatin ~ displayed. If this provetb be the

case, then there would be every reason to supposghtiakodiol also would be at risk of
inducing serious collateral damage to the body, perhaps even to the point of being too toxic to
use. So, the first question that needed to be answeretiavatoxicphenoxodiol ~ was likely

to be? This was -GOé gdairmstt immajtohre 6dBerVOPl o p ment
to address.

The simplest and quickest way to answer this question was to lodkeaeffect of
phenoxodiol  on nonrcancer cellsn the testtube. This wa done using the same té&gbe test

that we had employed in the first place to look at the effect of the drug on cancer cells, only
in this case substituting cancer cells with normal animal and human Tellsur relief,
phenoxodiol ~ proved to have almost no adverse effen the normal cells. The dose of
phenoxodiol  that killed 100% of cancer cells had to be increased 200 times before it showed
even the slightest signs of toxicity (10% of cells dying) in normal cells. Such an out@sne
unique in the anticancer therapy field. Every single anticancer drug that kills cancer cells by
direct action, as well as radiotherapy, is unable to distinguish between cancer cells and
healthy cells. As long as the two types of cells are dividintbesame rate, then drugs such

as methotrexate  , docetaxol andcisplatin ~ will have exactly the same level of toxicity
against both kinds of cells. The only thing that makes such drugs less likely to damage
healthy cells is where they are dividing much slowean cancer cells. As we have noted
earlier, the damage inflicted by anticancer agents in general terms is proportional to the rate
at which <cells are dividingeé.the faster the
Cells that are resting or doing at a very slow rate suffer very little damagenir
chemotherapies. This whytissues such as bone marrow and the lining of théhgtihave a

rapid turnoveiare susceptible to damaging sieféects of chemotheramnd radiotherapy

The cells thatve used in the study to test the effecpidnoxodiol on healthy cells were
relatively fastgr owi ngé. growi ng roughly at about the



had used earlier. So we were fairly confident that this meanphib@dixodiol wasunlikely

to be associated with the same sort of bad -sffbxts normally associated with
chemotherapy, such as catastrophically low red and white blood cell levels, gastrointestinal
problemsnervedamagand hair | oss. Of coutseptt hbhat cdipd
of causing other sorts of siddfects, but we would only find that out@we gavehe drug

to animals and humans. Nevertheless, the lack of any toxicity in this simpteliedest

gave us considerable confidence that we were goingvtnd the usual sorts of |He
threatening sideffects associated with most chemotherapies.

Normal human breast cells
Human breast cancer cells

Human breast cells and breast cancer cells grown in the presence of phenoxodiol. The

normal breast cells on the left show adhering, viable cells, while the canc er cells on the
right have undergone apoptosis, have detached from the plastic substrate and are
fragmenting

Ironically, this good news also brought its unfortunate side.tlvage of usvho had been

working with phenoxodiol ~ and understood its heritagef isoflavones likegenistein  that

can kill cancer cells and yet not be toxic in humawes,were entirely comfortable with the

fact that we had found a drug that was so highly selective against cancer cells. The fact that
this went completely against alfqvious experience with anticancer drugs did not diminish

our faith in what we were seeing. We had tested this enough times to be sure that what we
were seeing was real. Over and again, we had set up normal cells and cancer cells in adjacent
testtubes andhddedphenoxodiol  or standard drugs such @splatin ~ Or docetaxel  to the

cells. Each time, the standard drugs killed both normal and cancer cellspnéhbgodiol

killed only the cancer cel |l sé. t hpaenoxodolr ma l cel
Later animal and human testing would confirm its lack of toxicity, so much so that by 2009

when it had been used in almost 750 patients, not a single incidence of toxicity or intolerance

had been reported that could be laid at the feet of the drug. 8aitthwas ahead of u
in the late 1990s, we were struggling to explain its apparent lack of toxicity.

Convincing ourselvewas easy. The challengas convincing others who had been educated
to believe that any drug that was directly toxic to cancks aeevitably was going to cause
some collateral damage to healthy cells. This was scientific and medical dogma. All clinical
experience since the introduction @éthotrexate  in the mid1940s hd pointed in this



direction. Sdfor us to come along and kahbout a drug that wasghly toxic to virtually all
kinds of human cancer cells, but without any discernible effect on healthy cells, simply flew
in the face of accepted dogma.

One group of people in particular who proved a real challenge was themewtdianking
fraternity. Small biotech companies such as Novogen have a sometimes satisfying and
sometimes fractious symbiotic relationship with investment bankers. Biotech companies have
an insatiable appetite for capital to fund a growing research amdogenent program, and
investment bankers love biotech companies because of that appetite. But before they feed the

bi otech company, not surprisingly they need
our case, the overwhelming response rangedh fscepticism to outright disbelief. Most
maj or investment banks employ scientific ane

the US and Europe where most biotech investment comes from, it is not unusual to find that
these analysts are expertlir field to the extent that many are trained oncologists or cancer
researchers in a previous life. These people are not easily persuaded, having developed an
aboveaverage cynicism based on years of companies such as Novogen knocking on their
doors wih the begging bowl in hand, telling stories that ultimately prove to be unfounded.

The analysts have the luxury of having a smorgasbord of investment opportunities to
recommend to their clients, and so their veidlzeloped cynicism is a natural defenceirgta

a plethora of opportunities. It i s easier fo
a story that is in sympathy with their understanding of the world and that they can explain to

their clients.

You would think, (well, at least | did)hat the discovery of a drug that was toxic to all forms

of human cancer, but that had no effect on healthyscaocer cells would be tremendously

exciting to anyone with a background in cancer research. Even in the face of established
dogma that held thatny drug capable of killing most forms of cancer cells directly must by

its very nature have some unfortunate consequences in healthy tissues, | would have
anticipated a spark of interest in a drug that ran counter to accepted rules. At least interest to

the point of wanting to fully understand what was going on. But this was not the case. Many
analysts simply discounted the opportunitypbénoxodiol s i mply because it ¢
good to be trued. A drug t hat ktingheathy cebisl | for
was as close to being the Holy Grail of the medical world that any drug previously had come,

that it ultimately proved too difficult a concept for most analysts to grasp.

As frustrating as that early experience with analysts and ceesesgirchers in general was, in
hindsight it perhaps was not all that surprising given that we could provide no rational
explanation for howphenoxodiol ~ was working. | think if we had had that understanding
back then, it might have been completely differéBt without any explanation of why
phenoxodiol ~was able to be so selective and so broadly active, it was perhaps asking a bit
too much for the story to be embraced so enthusiastically.

|t took another 6 years t o @ndenstahdleyactlgleotv t ha't
phenoxodiol ~was able to target cancer cells and only cancer delsgetting ahead of the

story to deal with that fact here, but as u
or no impact on itpathwayof developmentanda s i t touches so much
credibility and credentials, it is worth breaking the stiryhis pointo deal with this aspect.

The discovery ophenoxodiol  had not exactly set the scientific and medical worlds alight
with interest.Novogen wa far too much of a minnow in the biotech world to be generating



much attention, and our energies were more focused in any case on establishing a technology
platform than on public relationBut, neverthelesssome intereshad been generated within

the nvestment communifyandsome ofthis trickled over into the scientific communitihe

result was approaches from a number of research centres to senghéhexdiol to slot

into their research programs. By and large these approaches had to do wititamddey a
mechanism of action, and so for selected collaborations, we were happy to dispatch off some
drug. In other cases, we sought out research groups that we felt were dealing in areas that
might be productive in the search for a mechanism of acBom.by and large, these

coll aborations were shots in the darlile We di
or no overriding strategy that we could pursue.

One of the first feedbacks (University of lllinois at Chicago)from these various
collaborations was informatiotinat phenoxodiol ~ was inhibiting the enzyméopoisomerase

II. Thisnuclearenzyme is involved in the restructuringd reassemblingf DNA after a cell

divides Blocking its action means that the cell is unable to divide becaise c andt r eas s
new DNA in the daughter #is, leaving it with little choice but to undergpoptosis. The

anticancer drugsetoposide and doxorubicin , aretopoisomerase Ipoisons.Thi s di dno't
explain why phenoxodiol ~ was only killing cancer cells, na its inhibitory effect on
topoisomerase Was not particularly strong but it was betleastrhadt han
something to point to

Then came the new@ational Institutes of Health, USphat phenoxodiol ~ was blocking
cancer ells from dividing by moderating a nunds of key enzymes that regulatee
progression of the nucleus through the cell cgleng cell division This collaboration had

come abouas the result of an interest the NIH in an experimental antancer drug known
asflavopir idol . The NIH had discovered this drug some years befocchadicensedit to

the phamaceutical company, Aventislavopiridol had shown some earfyromise in the
treatment of renal, prostate, colon and gastric carcinomas arid aoth g k i n 6 s, ahdy mp h o m
was attracting some attention within the cancer research community in the late\¥880s

had attracted our attention to this work was a remarkable parallel pnatioxodiol

Flavopiridol ~ was a derivative of a naturalpccurring plant flavonoid known ashitukine
sourced from an Indian platitat was a traditional medicinal plalYith that plant flavonoid
heritage in common, it made good sense to explore what similarities there might be in terms
of their mechanisms of action.

The anticancer effectf flavopiridol  had been shown to be based on its ability to inhibit the
function of enzymes known as cyclitependent kinasgand it as well to take some time to
look at these enzymes in some detail

The various phass o f a cydeeate reprented in thefollowing diagram.



M
{mitosis)

GO Resting

5 phase
(DA synithesis)

The GO phase is the resting phase. Mitllst o f
active but are resting in the sense that they are not dividWtgen a cell divides, it first
enters the G phase which is ime for preparation for division. The cell begins to enlarge
andto producea duplicate sebf RNA in preparation for the act of divisioithe S phase
(short for DNA synthesigphase)is a particularly active phase during whithe cell makes
duplicate copes of its DNA, in preparation for the cell splittirdpead The G2 phase is a
time of fine-tuning ahead ofhe M phase (omitosisphase) when the cell splits and two
daughter cells are produced. The two new cells then entezdtiegGO phase until dked on
themselveso divide.

The progression of the cell through these various phasewarked by a number of
checkpoints where the cell ensures that alt ieadiness and that the DNA is erfore for it
to progress to the next point. The two kegdkpoints are G1/S and G2/M.

These various checkpoints are under the control of enzymes knowyclasdependent
kinases(cdks) This family of kinase enzymes becomes activated by binding to proteins
known as cyclins that are produced by extedular sgnals. The cyclirdependent kinases
permit the passage of the cell through the various checkpoints.

Flavopiridol  inhibits a range of cdks, resulting in the cancer cell being blocked at both the
G1/S and G2/M checkpointBhenoxodiol  also inhibited the qogression of the cancer cell
through the cell cycle, but its effect was limited to inhibition of the activity of a single cdk
(cdk2) resulting in a block at the G1/S checkpoint only. Unfidepiridol  which down
regulated cdk function directly, the efteof phenoxodiol  was indirect, dowsregulating

cdk2 activity by upregulating levels ofhe endogenous cdk inhibitgr21WA™,

The differences betweettavopiridol  and phenoxodiol ~ were relevant because one of the
factors holding back general interestflavopiridol ~ was its toxicity.If phenoxodiol  had
shown a similar mechanism of actionfkwopiridol , then we would haveeen concerned
about its safety in humans (even though all laboratory studies were pointing to a lack of
toxicity). Flavopiridol ~ wasinhibiting a range of cdks and the effect was not limited to cancer
cells; phenoxodiol , on the other hand, was restricted to inhibiting only cdk2, and only in
cancer cells. Toxicity remains an issue fiavopiridol  to this day, although the drug is
undegoing revised interest as a treatment for chronic lymphocytic leukaemia.

The significance of this news was hard to interpret. On the plus side, we had another
mechanism of action to point to aside frdhe topoisomeras@ story, and we had an
explanatiorfor how phenoxodiol ~ was arresting cancer cells from dividing by blocking them



at the G1/S checkpoinBut it sti | | didndot explain why i
cancer cells within an hour of being exposedHenoxodiol, what was killing the dés

eventually, and why it was that only cancer cells were affettedso was something of a

mystery that two entirely unrelated enzyme systems were being inhibited.

The first step on the path to answering some of these key questions came with the news
(Flinders University, Australia) thathenoxodiol ~was inhibiting the enzymesphingosine

kinase [This is such a key part of the story of hpenoxodiol ~ works that we will look at it

in some detail later, but for now we will keep the story as simplessipe].

The cell membrane of all mammalian cells is a fatty stru¢ggediagram below}hatserves
a wide variety of roles.

Qutside of Cell

As the diagram shows, the cell membrane contains what looks like tadpoles (a head + a tail)
i n two oppos etda d paoyledtrsstares ddmbem sae sphingomyeliwith the
headto-tail bi-layer forming a hydrophobic membrane

Traditionally, the cell membr ane was | ust S
platform for the thousands of different protein reoep awaiting the myriad of regulatory

chemical signals reaching the cell, as well as acting as a diffusion membrane for gases and
any substance entering and leaving the cell. But in the 1990s, it became increasingly clear
that this fatty membrane was fom being a passive structural component, and in fact

played a vital, active role in the survival and function of the cell.

A feature of these sphingomyeliissthat they are in a constant state of flux, being constantly
broken dowrand reassembled the following manner

ceramide sphingosine sphingomyelin

This flux meanghat atany one time, the cell membrane contanmixture ofceramide,
sphingosineand he fully assembledsphingomyelin Sphingomyelin itself appears to be

inactive butceramide andsphingosineactively influence a wide range of cellular functions.
Ceramide is pro-death - preventing a cell from growing and dividing and being-pro
apoptotic. Sphingosineis pro-life € i t promotes cell growth an
motility and prevents apoptosiShe balance betweesphingosineandceramide levels can

be seen therefore to be of vital importanceto@cell vi abi | ity and functi c



The ratio betweersphingosine and ceramide levels is controlled by a small numb of

enzymes, the key one beirgphingosine kinase(SK). SK converts sphingosine into
sphingosinel-phosphate and this is the form ofphingosinewhi ch enter s t he
cytoplasm anexerts its prdife actions via a range of dowstream signalling patvays.SK

activity is the single most potent determinansphingosineandceramide levels in the cell

membrane. IfSK activity falls, ceramide levels build up, drivig the cell towards death. If

SK activity increasessphingosinel-phosphatelevels risedriving the cell towards growth

and survival.ln cancer cellsSK activity is elevated well above normal, and this factor is

thought to be a key driving force behind the increased growth and immortality of cancer cells.

Phenoxodiol completely inhibitedSK activity in cancer cellsblocking the formation of the
pro-survival factor,sphingosinel-phosphate In keeping with its cancer specificitysK
activity in norrcancer cells wacompletely unaffected ppenoxodiol

This newswas a godsend | t gbhtausl an§ tloser to understanding how and why
phenoxodiol ~ was selecting cancer cells only, but it went a long way to characterising the
drugdés mechani s m o fsphiagosing lonase infbddivat weecoull galk a

about, although that turnedtaiw have limited value from an investor relations point of view

since neone else that we were aware of vagveloping arSK inhibitor at the time But it

did explain howphenoxodiol ~ was able to kill cancer cells and why it was working across all

forms ofcancerSKacti vity was so fundament al to a ce
be lethal to any cancer cell.

As significant a step forward as this news was, it was clear thapthegosine kinasestory

represented just the middle part of thellldSKwa s n 6t t h e just anothgereranner it wa
in whatevetthe pathwayelaywas that was being blocked by the drug. We knew this because
phenoxodiol  had no direct effect oK activity. Mixing SK and phenoxodiol  together

di dndét the engyre Fomeworkingei t only stopped working \
was involved. This pointed tan upstreanregulator of SK function being inhibitedby

phenoxodiol . That raised th intriguing prospect that theveere twokey bookends to the

SK st or wn upstram target that would explain how and why the drug was targeting

cancer cells specificallieading toSK activity being switched offand a downstream target

that would explain how and why the cancer cells were dgmg result 06K activity being

switched off.

The answer to the downstreaargetbookend came firsit came from a research team at
Yale University headed by Dr Gil Mor. The team had a Istajnding research interest in the
biochemical processes involved in apoptosis and the means by ehioér cells circumvent
these processeshe Yale team showed thattenoxodiol  blocked the formation of scalled
antiapoptotic factors. These factors are produced normally by all cells as a means of
ensuring that apoptosis is not inadvertently triggemeabirmal cells. It includes proteins such

as cFLIP andXIAP thatare produced in abundance by cells in order to ensure that the self
destructive caspases are not activafdtbre about this later]. These proteins are over
expressed in cancer cells, therehising the bar that cells must overcome in order to induce
apoptosis. In the presenoésuch large amounts of protsitike ¢FLIP and XIAP, apoptosis

is essentially switched offt was known that there was a direct link between sphingdsine
phosphat and the production of ardpoptotic proteins. Sphingosiiephosphate activated a
number of different signal transduction pathways (Akt etc) whose end effect was to stimulate
the production of antapoptotic proteins.



The remaining missing link in alb f this was the wupstream sto
revealed until we were well into tipaenoxodiol  clinical program, but it is worth looking at
here because of its significance to understanding just how this drug works.

Out of the bluecamea telephoneall from someone who introduced himself as Jim Morre,

from Purdue University in Indiana, USA. He was economical with words and to the
pointéhe said that he wahenox@iol e tvdsyorking and het h at
would like to get his hands on sométhe drug to test out his theory. This stranger from

Purdue University would not share with me his theory, but insisted that he was confident of
success. Without any great sense of confidemesent him some drug, and theromptly

put the matter outf ourminds. Four months lateréhrang again with the wordsMdire here.

| was right. | know howphenoxodiol wor ks . o | dropped everythin¢
was on a plane a week later to West Lafayette, Indiana, home of Purdue University and the
laboratory of Professor James Morre, Dow Professor of Biochemistry.

What Jim Morre and his team had found was phaiboxodiol was targeting a protein that
was found only in cancer cells and whose function was critical to the survival of all cancer
cells. The significance of this was that it explained wihgnoxodiol ~was only killing cancer

cells and not normal cellbécausette target protein was only present on cancer ceslajl

why phenoxodiol ~ was Kkilling all forms of canceibgcauselte target protin was present on

all cancercells, irrespective of cancer type

In the history of cancer research, nobody had been able to find a single structural factor that
distinguished a cancer cell from a normal cell. Cancer cells behave differently from normal
cells and they look different in terms of their shape and appearance, but when researchers
began to disassemble cells down into their individual building blockepedhad been able

to identify any structural difference between cancer and normal cells. Wig/iso-one has

been able to develop a single test that can tell whether a person has cancer. There are a small
number of cancers such as cancer of the prostate and ovary, where levels of certain proteins
in the blood are indicative of the presence orabsee of cancer é. prostate
(PSA) in the case of prostate cancer and a protein known as CA125 in the case of ovarian
cancer. However, proteins such as these are not specific to cancer cells. They are normal
proteins that are found in low legein normal prostate cells (in the case of PSA) or ovarian

cells (in the case of CA125). It simply is a matter of the, edien it changes from a healthy

cell to a cancer cell, making more of that particular protein. For most forms of cancer,
however, nosuch tests exisSo, for Morre and his teampurportedlyto have discovered a

protein that was present only on cancer cells, as well as being present on all forms of cancer
cells, was to my mind a monumental discovery that was almost certainly goinghggecdha

face of cancer research and cancer therapy.

The background t o t hbioshenfisiryteam had) beendanterested tor Mo r r
many years in thenechanism of electron transpaitross cell membrane&ll cells have an

extensive membranousrstture comprising both the plasma membrdnat forms the

interface between the cell and its surrounding environment, and a complex system of
membranes containingll the variousinternal structures such as mitochondaad the

nucleus One of the functios of this membrane complex is to generate energy. We tend to

think of the body deving energy by burningugarsand fats, which it does, but individual

cells generate most (about 95%) of their energy n&reds the movement of hydrogen ions

(H") (or protong across cell membranes. Hydrogen ions are generated-psodycts of
metabolism, and would become a toxic force if allowed to build up inside a cell. A pump



(known as theproton pump, moves this excess hydrogen into the space within each
membrane andoncentrates them there. This concentration of hydrogen ions provides the
energy required by a cell 6s mitochondria to
(ATP), which provides the bulk of a cell 6s e

The proton pump in the plasma memane (forming the exterior of the cell), also serves to
pump this waste hydrogen out of the cell. Perhaps the most visible function of this pump is
the secretion of acid into the stomach as part of our normal digestive processes, and the use of
so-called proton-pump inhibitorsto reduce theamount of acid being produced in cases of
esophageal reflux.

Morredos team was particularly interested 1in
opposed to the r est balidvingtthatethis patuldr pretonmpempb r a n e
served a range of functions beyond that simply of hydrogen excretion. One of those functions
was to control the ability of a cell to enl a
had isolated a key protein that regulatedfthrection of thisplasma membrane prot@ump,

and, further, that this protein changed shape anctitmin cancer, permitting the cancer cell

to divide and enlarge more frequently than norma@hey further discovered that

phenoxodiol  specifically targetshis abnormal protein and disables it. The loss of this pump

leads to a buildip of waste hydrogen inside the cell to the point where it becomes lethal.

The Morre hypothesis wa®ntentious when it was first proposed, ateinentsyemain so to

this day.Novogen has sought independent verification of the hypothesis and that verification

has been obtained, but it has to be acknowledged that only a handful of laboratories
worldwide have the means to further verify and extend this hypothesis. Neverthel@ss, hav
spent time in Morred6s | aboratory, speaking \
first-hand, | have little doubt about the veracity of the data and the hypothesis.

Regardless of the finer details of the Morre hypothesis, certain batsicafacnot in dispute.
The following is a general description of the proton pump prdeassd on generally agreed
facts



Proton pump

NADH* NAD + H*
Cell exterior
oxidase
QlO H Plasma membrane
10' '2
reductase
Cell interior

NAD + H* NADH*

It starts with the capture diydrogen ions (H+)Jnside the cytoplasm of the cdily the
compound, itotinamide adenosine dinucleotid®AD), a compound found abundantly
within cells and bodily fluids. This resaglin the formation oNADH.

NADH in turn is coupled to thenzyme NADH reductasewhich moves as a complex to the
membrane where it passes thyrogen ion onto the compoumndbiquinone(also known as
coenzyme ). Ubiquinonethenis transformedy the attached hydrogen ioimto coenzyme
Q1oH2.

On the external edge of the membrane sits another enkiAa) oxidasewhichremoves
the hydrogernons fromtheubiquinone The freechydrogen ions then pass out of the cell
where they aragaincaptured byNAD.

Theslightly controversial part of this story li@gth NADH oxidaseMorre and his team
identified a differencén the natue of this enzyméetween normal cells and cancer cells
TheNADH oxidaseon cancer cells has a different molecular weight and a different
functionality compared to normBIADH oxidaseNormal NADH oxidasés referred to as
constitutiveNADH oxidas€or cNOX); theNADH oxdaseon cancer cells is referred to as
tumorassociated NADH oxidager tNOX).

The difference is quite small, and probably comes down to just a slight change in the shape of
the NOX protein. It is not clear why it is different and how and when it becdiffesent,

and whether the difference is what makes the cell cancerous or is a consequence of it being
turned into a cancer cell. Something that is known about tNOX is that it pumps protons at a
slightly faster rate than cNOX, a characteristic that mingivie to do with the fact that cancer



cells generally have higher metabolic rate than normal cells, and therefore most likely

generate waste hydrogen at a faster rate than normal cells. It is not too fanciful to imagine

that the NOX protein in cancer cellay back in time, evolved to work at a faster rate than in
normal cells to meet this i
tNOX and normal NOX lies in the shape of the protein, and it is this spatial difference in
shape thatetermines whethgrhenoxodiol ~ will bind to it or not.

mportant

Phenoxodiol ~ specifically targets tNOX, and has no effect on cNOX.

When phenoxodiol

need.

binds to the tNOX protein, it prevents it from performing its normal

function, shutting down the pump and so preventwasgte hydrogen from being expelled
from the cell. The result is that hydrogen quickly accumulates in the cell, poisoning the cell,
and interfering with almost every biochemical processes within the cell. The respiratory
distress that we had observed witli0 minutes of addinghenoxodiolto cancer cells was
almost certainly down to this buidp of hydrogen within the cellhe whole process can be
likened to the effect of stuffing a tennia b | i nto

engine to aar waste gases will bring tle@gine to a sudden staphenoxodiol

tennisbali by bl ocking the cancer
stops working.

a car 6s

cell 6s

exhaust

is like that

wast e

The following figure shows the effect of addipgenoxodiolto two types of cells. The first
of these (MCFLOA cells) are normal human breastls. These cells only expresd©X and

as the figure shows, the addition mienoxodiol produces no change in the activity of the
proton pump in these cells, with their regutgcling of about 24 minutes.
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The second type of cell in thisusly, BT-20, are the same MCEOA breast cells transfected
with tNOX, so that the cells are now erpsing both CNOX and tNOX. The addition of
phenoxodiol to these cells results in an immediate shmn of the proton pump driveoy
tNOX, while that driven by NOX remains unaffected. Whileancer cells also express some
cNOX activity, it is completely doservient to the more prevalent tNOX activity, so that there
is complete shutlown of the proton pump in cancer cells once tNOX is switched off. The
absence of tNOX on normal cells accounts for the reason why the effglse@bxodiol is
limited to cancecells.

This shutdown of the plasma membrane proton pump has two immediate consequences. The
first is that CoQuHz is unable to transfehe hydrogen ions that it is camg to NAD outside

of the cel] leading to a buildip of CoQ¢H; within the plasma nmabrane. The following

figure shows this as measured by the immediate cessation of omiditss of hydrogen

ions) by uliquinol following the addition ophenoxodiol

The second consequence of course is that hydrogen ions build up within the cell. \&fithout
active proton pump, the cell has no means of eradicating hydrogen ions being produced as
by-products of metabolism. This in itself would be toxic, disrupting all metabolic processes
in the shorterm, and proving lethal ultimately.

But in terms of howphenoxodiol drivesthe cancer cell towards deathappeas that it is
elevatedCoQ;oH; levelsthat isthe most relevantactorto the final outcome. The bu#dp of
CoQoH2 within the plasma membrane has a critical effect on the next part of the sequence of
events, thesphingomyelin pathway

We earlier touched othe makeup of the cell membraneith its bilayer of sphingomyelin
molecules, and the flux that occuns the constant assembly and disassembly of the
sphingomyelin layer. For the purpose of understanding just how the tNOX story interplays



