Chapter 11

FIRST HUMAN STUDY

The choice now facing us of where and how to conduct the first human study was
simple....either to persevere with the original plan of doing it in the US, or look elsewhere.

The US approach carried some significant unknowns, the main one being whether we were
going to be asked to conduct safety studies in a third animal species such as the pig or
monkey. If we had to, then that would have added at least another 18 months to the whole
process, plus additional costs running into several million dollars. And that was on top of a
basic review process lasting up to 18 months, even if somehow we managed to talk our way
out of doing a third animal species. But knowing the reputation of the FDA of strictly
interpreting their own rules, the most likely scenario we were facing by going down the US
route was a three year period and a lot more work before we could get to test phenoxodiol in
the first human.

In any territory, the most fundamental approval process occurs in the hospital where the study
is to be conducted. Each hospital, mindful of the welfare of the patients in its care, carefully
reviews any application for clinical trials of experimental drugs. Most hospitals around the
world have ethical review committees that act as the eyes and ears of the hospital on how
their patients are used in clinical studies. The committee usually draws a range of expertises —
clinicians, hospital administrators, nursing representatives, toxicologists and pharmacologists,
with the last two categories tending to be the key drivers of any ethical review process.
Toxicologists generally represent the negative side of the debate; they see danger
everywhere; every drug is a poison; for them, there generally is no such thing as ‘enough’
safety information. Pharmacologists, on the other hand, generally represent the positive side
of the debate. Their profession is to study and advise on drug use; they accept the need for
drugs and accept that they inevitably come with side-effects; generally they can’t wait to see
more drugs available. The clinicians and nurses sit in the middle; they deal with the everyday
situation of patients who have run out of treatment options. While looking for new treatment
options, they also are cautious about exposing their patients to any more unnecessary or
potentially dangerous treatments.



That is the balance that each ethics committee juggles ..... acting as a patient’s advocate on
the one hand, and recognising the practical need for newer, better therapies on the other. To
this end, the committee asks four basic questions:

1. is there enough evidence to support the notion that the drug might work in humans?
In the case of anticancer drugs, the supporting evidence is the fact that it is killing
cancer cells both in the test-tube and animals;

2. is enough known about its safety to warrant using it in humans? There would be no
expectation that the drug would be completely safe in humans, but there would need
to be enough evidence from animal studies to be confident that low, starting doses of
the drug would not put patient’s lives or health at risk;

3. is the design of the clinical trial appropriate for the questions being asked? The
committee considers issues such as whether the number of patients is adequate, and
whether the tests being conducted are appropriate for the answers being sought;

4. are patients being treated ethically? This covers issues such as patients being
adequately informed about the risks and providing informed consent, and the way in
which patients are to be recruited and managed during the study.

In many countries, the review process by the local hospital ethics committee is the extent of
the approval process. Once the hospital gives the go-ahead, no further regulatory action is
required other than registering the approval with a national governmental body whose task it
is to do little more than record all clinical studies in that country. Not so in the US and in
some parts of Europe where the local hospital’s review is just a secondary step and the
respective national governmental overseeing body is the primary reviewer. In the US, that
national body is the FDA. The FDA reviews the submission for clinical studies to a degree
that the local hospital ethics committee could never do. The FDA subjects each submission
for an experimental drug to a comprehensive review by scientists, toxicologists,
pharmacologists and statisticians in a process lasting 3-6 months. At the end of that
exhaustive process, approval comes in the form of an Investigational New Drug (IND)
certificate, which essentially grants the experimental drug legal status to be used in humans
within the US.

For the novice, the IND submission process comes as a somewhat overwhelming exercise in
terms of it complexity and scope. The FDA provides clear guidelines of what information is
required and how it is to be presented, but the detail is extraordinary. The task of assembling
all of that data into the format required by the FDA is such so painstaking and so specialist
that consultant companies dedicated to this regulatory area normally are called on to carry it
out. The company developing the drug might spend 3-4 months assembling all available data,
with the consulting company spending another 6-9 months putting it into an FDA-friendly
format. The FDA then can take anything up to 6 months to review and approve the
submission. Even then, it would be unusual to get approval without any further work being
required. Even when you think you have ticked all the boxes, the FDA can, and often does,
throw more boxes at you for ticking.

We did not consider ourselves deserving of any special treatment by the FDA. The process
just described is the same process through which the vast majority of our modern-day drugs,
both anticancer drugs and otherwise, have passed. Most drug developers are prepared to
submit their product to the rigours of the US drug approval system in the first place simply
because it is so rigorous. Gaining FDA approval is the gateway to gaining regulatory
approval in most countries worldwide, whereas the converse is not necessarily true. That is,



gaining approval in another country first does not necessarily give automatic entry to the US
market, and the FDA may still require further clinical testing within the US. As the US
market represents about 50% of all drug sales worldwide, taking a new drug through the US
approval system from the outset is the normal way of drug development.

Although there were compelling reasons to follow the well-worn path of other anticancer
drugs and put phenoxodiol into the US system from the start, we held very real fears that the
FDA bureaucracy would insist on testing the drug in a third animal species, so delaying any
human studies by 3 years. Rightly or wrongly, we had enough confidence in the drug’s safety
to believe that we were ready to go into humans right now, and that meant that we needed to
consider an option other than the US. We realised, of course, that there was every chance that
any other territory might adopt the same rigorous attitude as the FDA and that we could find
ourselves in the same situation as if we had gone directly into the US. But the reality is that
those territories that don’t have a centralised review body such as the FDA, generally are
more flexible in their approval requirements. That doesn’t mean that those territories are any
more cavalier or any less concerned about the welfare of their patients than the US, but they
do have the advantage of having the flexibility and expediency of decision-making that
comes with small reviewing committees.

Being headquartered in Australia, we elected to test the willingness of the Australian
regulatory system as a pathway for phenoxodiol into humans for the first time. And so we
approached the Professor of Clinical Pharmacology at a major teaching hospital in Sydney.
You need a bit of good fortune in research, and meeting this particular clinician was
fortunate. We presented our pre-clinical data which immediately sparked his interest as a
potential new class of anticancer drug. He had no hesitation in offering to run a Phase la
study that would study the pharmacokinetic behaviour of the drug in the body.

All the available safety data on phenoxodiol was assembled and an application made to the
hospital’s ethical review committee. To our relief, they agreed that we were justified in taking
a cautious first step into humans without any further animal studies, and thereupon approved
a small study in 3 patients. This study was intended to ask a simple, single question .... how
long did the drug stay in the body after a single, bolus intravenous injection? Only a very
small amount of drug was to be injected and it would be just the one injection. The amount to
be injected was about one-tenth the dose (after adjusting for differences in body weight) that
we had given to mice every day for 10 days without harm, so everyone felt quite comfortable
that this was a safe starting point. The study was to be conducted in healthy volunteers. The
plan was to inject the drug over about 10 minutes, and then to collect blood and urine over
the next 24 hours to see how much drug was in the bloodstream, in what form it was there,
and how long it stayed there, and whether the urine was the main way it was excreted.

This was a monumental step for the Company and all its scientists and support staff who had
worked for 5 years to get the drug to this point. And it doesn’t matter how confident you are
in your drug, how much you have got to know about it after living with it for so many years,
how much you have worked towards this point. When that point comes, it is a sobering,
reflective moment. There’s no longer any more laboratory testing to hide behind. This is the
moment of truth.

With the approval for this initial human study in our pockets, our chemists set about making a
new batch of drug product to be injected. By this time they had learnt how to make
phenoxodiol synthetically in sufficient amounts, how to mix it with the cyclodextrin carrier,



and how to sterilise the mixture for intravenous use. Up until this time, we had made dozens
of different batches of the phenoxodiol-cyclodextrin mixture. A lot of small batches had
been made for the various pre-clinical studies, on top of which a number of larger practice
batches had been made in preparation for the human study. Particular effort had focused on
the sterilisation process, obviously a critical step for any intravenous product. For most
members of the public, sterilisation simply means ‘free of organisms’. For drug
manufacturers, there is a further critical meaning. It is one thing to remove or destroy whole
bacteria from a product by boiling it or filtering it, but it is entirely another matter to remove
bits of bacterial protein that have broken off before the bacteria were killed. These bacterial
proteins are known as endotoxins and they cannot be removed by standard sterilisation
procedures. Endotoxins can’t cause an infection, but they are still highly toxic. At the very
least, they can cause a fever; at most, they can severely damage a wide range of organs in the
body to the point of being fatal. The toxic shock syndrome that was in the headlines some
years ago in association with the use of cotton tampons in women was due to the presence of
bacterial endotoxins in the cotton. Endotoxins can’t be removed from a drug product once
there; the product needs to be made in the first instance in a sterile manner that avoids the
introduction of bacteria from the start.

After making countless batches of phenoxodiol-cyclodextrin mixture, we had learnt how to
make the product to the most stringent standards of sterilisation for intravenous fluids. Before
each batch was released for use, the chemists would test for sterility, both for the presence of
bacteria and endotoxins. The test for endotoxins involves injecting the product intravenously
into rabbits and then monitoring the rabbit’s temperature for the next 24 hours. Rabbits seem
to be particularly sensitive to the presence of endotoxins and respond with an almost
immediate spike in body temperature. Virtually all drugs given intravenously are tested in
this way.

Out of all the batches of drug that had been made to this point, no endotoxin had been
present, a testimony to the stringent manufacturing process that our chemists had put in place.
That was until we came to the batch that was prepared for the first human study. In one of
life’s great ironies, it failed the rabbit test. Not just failed, but failed spectacularly. All the
rabbits died. We even tried it in some rats, and they too died. Here we were on the verge of
our first major challenge — to take the drug into humans for the first time — and we had a
product that was lethal to animals.

It didn’t take too long to track down the problem. The batch that had been prepared for
human use was full of endotoxins. Where had the system failed? How could a sterile
manufacturing system so meticulously planned and monitored have failed? Novogen
chemists eventually traced the problem to a new batch of cyclodextrin that had been received.
Despite the cyclodextrin being declared endotoxin-free by the supplier, it wasn’t. When the
cyclodextrin alone (that is, without any phenoxodiol) was given to rabbits, they showed a
marked endotoxin response. The manufacturers admitted their mistake and sent out a new
batch. A fresh batch of phenoxodiol-cyclodextrin was made, and this time it successfully
passed the rabbit test.

But we had a problem. That was a nagging doubt in the minds of some key personnel in the
Company about the safety of the product. Rabbits and rats had die, not to mention the earlier
catastrophe with the dogs. The animals hadn’t just shown some mild side-effects like the mild
kidney damage that we had seen earlier in the rat safety study. Rats and rabbits had died
swiftly and dramatically, just as the dogs had died earlier when they were challenged with



cyclodextrin. The undisputed reality of the situation, which was that this was a one-off
problem, outside of our control, perfectly explainable, and never likely ever to recur,
unfortunately didn’t carry much sway. The Company’s scientific leadership team were
concerned to the point that they did not want the human trial to proceed. The prevailing
thought was that we needed to go back and redo the whole animal safety program again. That
meant another 12-18 months and some millions of dollars to go back and redo an animal
safety program that in all respects had already proved the drug to be safe.

This point of view was perfectly understandable. There was a tremendous amount at stake
here. Any unexpected toxicity for any new drug is a problem for all concerned. But to
encounter a serious toxicity in the first patient to receive phenoxodiol, and more particularly
where that person was a healthy volunteer, would have been disastrous for both patient and
Company. What Novogen executives were adding to that disaster scenario was the potential
accusation that they hadn’t taken every reasonable precaution, such as repeating the animal
safety studies in full, when a problem had been flagged.

There is no place for cutting corners when it comes to exposing people, especially healthy
people, to experimental drugs, and pharmaceutical company have every need to be overly
cautious. Some years later, this need for caution was rammed home by a very public event
that involved the sort of nightmare that is never far from drug developers’ minds. It occurred
in the UK in March 2006 and involved the experimental drug, TGN1412. This was a drug
being developed by a German biotech company (TeGenero) for the treatment of leukaemia
and autoimmune diseases. In the initial human study, 6 healthy male volunteers were injected
with a dose of the experimental drug, just as we were proposing to do with phenoxodiol. All
6 patients experienced severe reactions that led them being placed in intensive care, including
life-support care, for some time. All 6 individuals eventually recovered, although the long-
term consequences of the event are yet to be determined. What had happened to these
individuals was a condition known as ‘cytokine storm’. The drug was designed to attack
certain immune cells, and in doing so, had set off a dramatic chain-reaction that resulted in
extensive damage to a range of internal organs.

TGN1412 had been through the usual animal safety testing studies, including being tested in
monkeys, and had gone through the normal hospital and government review processes in the
UK. So where had it all gone so terribly wrong? With the benefit of hindsight, it eventually
became clear that TGN1412 had certain features that meant that toxicity might only ever have
been an issue for humans, and that no amount of animal testing would have alerted people to
its potential dangers. Nevertheless, any experimental drug has to be regarded as potentially
dangerous until proven otherwise, and lack of any major safety issues in animals can only
ever be taken as a guide, not a guarantee. The mistake that was made with TGN1412 was not
that they went into humans too quickly or too ill-prepared, but that they went about using it in
humans in a reckless way. The drug was given to all 6 test subjects simultaneously and with
what was regarded as a therapeutic dose. A far more prudent approach would have been to
start with a dose well below any notional therapeutic dose, and to have tested only one
subject at a time. In that way, even if such a tiny amount of the drug showed itself to still be
toxic, then the damage at least would have been limited to a single subject.

We were confident that the only toxicity that we were likely to encounter with phenoxodiol
in humans was mild kidney damage associated with the use of the cyclodextrin carrier.
Although we never really regarded that as a potentially serious problem given the fact that
cyclodextrin had been approved by the FDA for that purpose in humans. [Indeed, as we were



later to find out, we never identified a single case of kidney damage in over 200 patients who
received the intravenous form of phenoxodiol on a repeated basis]. Nevertheless, the plan
always had been to use a dose of drug in the initial study that was well below what we
regarded as a therapeutic dose.

Despite all of this sensible need for caution, a personal view was that up until the time of the
endotoxin incident we had done everything that was required of us to take the drug into
humans. The endotoxin incident was explainable and correctable. We knew what had caused
the problem and we had corrected it. We had made another batch of product and it had passed
the rabbit test. We had even tested it in a small way in some rats and shown it to be just as
well tolerated as all the other batches we had used over the years. And yet here were
executives within the Company with a high degree of nervousness pushing to spend some 18
months and some millions of dollars, just to carry out a complete doubling up on what we
already knew.

The hospital ethics committee had been kept informed of these developments all along and
they shared my view that the endotoxin saga was an unfortunate side-play. They indicated
that they would be prepared to proceed with the Phase la study if we could adequately
demonstrate that the sterility problem had been resolved. Unfortunately this still did not
placate those senior people within the Company who continued to press for the need to repeat
the animal safety-testing program.

It was at this point that the Dr Jean Borel and cyclosporine story came to mind. Dr Borel
and another colleague had felt compelled to go ahead and test the drug cyclosporine on
themselves when they felt that the drug was in imminent danger of being dropped because of
what they saw as unnecessarily timid and erroneous concerns on the part of their superiors in
the company. With that story ringing in my ears, | approached the Professor of Clinical
Pharmacology who was to conduct the study. I said that | wanted to have the product given to
me intravenously as a way of proving its safety. He agreed that this would be all the evidence
that his committee would need to give the go-ahead for the formal human study.

So | was duly admitted to hospital and connected up to an intravenous drip of a newly-made
batch of phenoxodiol-cyclodextrin mixture. The drip was commenced and | watched the
material being running in. | remember thinking at the time how appropriate it was that | be
the first person to receive the drug. It had always seemed reasonable to me that anyone who
develops a drug for others to take should be prepared to take it themselves. | do recall,
however, a black thought crossing my mind that 1 might be both the first and last person to
receive phenoxodiol. However | knew that | was in good hands. | received just a small
amount to begin with and was watched carefully over the next hour. With heart rate, ECG,
blood pressure and temperature unaffected, the remainder of the dose then was run in. Again,
everything was fine. The sky hadn’t fallen in, and no body parts had fallen off.

| duly reported my adventure to the Novogen executive the following day, knowing fully well
what the reaction would be. I was not disappointed. Once the shouting had died down, what
remained was a realisation that any argument to stop the human trial from proceeding had
just evaporated.

So the study went ahead, with 3 healthy volunteers (medical students) being injected with the
same low dose of phenoxodiol as | had received. All 3 subjects tolerated the injection well
and reported no ill-effects. After my experience and the fact that we were delivering such a
low dose of drug, it would have been extraordinary if we had seen any adverse reactions, but



it was nevertheless highly important that we had established safety in the first 3 ‘official’
patients to receive the drug. This would be the platform from which we could launch larger,
more complex studies.

This small study yielded important information on how long the drug circulated in the
bloodstream and how long it took to be excreted in the urine. It also was pleasing to note that
we were able to achieve levels of phenoxodiol in the bloodstream that were very close to the
levels we saw in the blood of mice where phenoxodiol was delivering a significant anti-
cancer effect. So we at least knew that we were in the ballpark in being able to deliver
clinically meaningful levels of phenoxodiol.

The next step was to repeat this study, but this time giving the drug by continuous
intravenous infusion, the way we intended to use the drug in the clinic. From the knowledge
we had gained about the drug’s behaviour in the first 3 patients, we were able to estimate the
rate at which we needed to infuse the drug in order to achieve a steady level of phenoxodiol
in the bloodstream. This ‘steady-state’ drug level is achieved when the drug is being run into
the body at roughly the same rate at which it is being excreted in the urine. Not running it in
fast enough would run the risk of drug levels falling below a desired level; running it in too
quickly could mean that it would start to accumulate in the body to the point of reaching
unsafe levels. So we gave the drug to 5 healthy volunteers who received the infusion over a
5-hour period. Pleasingly we found that our calculated rate of infusion was indeed correct,
producing steady levels of phenoxodiol in the bloodstream over the course of the infusion.

We also noted that approximately 90% of the phenoxodiol in the blood of these 11
volunteers was present in a conjugated state, bound mainly to a sugar, with the remaining
10% being in an apparently ‘free’ unbound form. We were still in the dark as to the clinical
relevance of so much drug being bound to a sugar, and whether the so-called ‘free’ drug was
biologically active. Although we realised that we eventually would need to get to the bottom
of this matter, there really wasn’t any pressing need to do so at the time because of the
similarity of the situations in both humans and mice. In both mice and humans, injecting
phenoxodiol led to the same 9:1 ratio of conjugated:free drug in the bloodstream, and
irrespective of whether it was the sugar-bound or ‘free’ phenoxodiol that was working, that
same 9:1 ratio was providing a significant anti-cancer effect in mice. If it was killing human
cancer cells in mice, then we assumed that it would also kill cancer cells in humans.

We had passed the first critical test in humans. We now knew that we could get the drug into
the body at levels that were providing a significant anti-cancer effect in mice. And despite the
drug having been used only sparingly in the 8 volunteers to date, we had not encountered any
immediate safety issues.

All was in place now to look at the effects of using the drug on a long-term basis in humans.



Chapter 12

PHASE 1b STUDIES

As we have already noted, a Phase 1b study is mainly about safety. The questions at this
stage are, what is the nature of the drug’s side-effects, how can those side-effects be
managed, and what is the highest dose of the drug that can be given safely? That means that
you need to test the drug in the Phase 1b patients in a way that is as close as possible to how
you think the drug will be used when it eventually comes to market. One of our challenges
when it came time to design the Phase 1b study was that we were somewhat in the dark as to
the best way to use phenoxodiol. All we knew was that daily intravenous injections for 10
days gave us a significant anti-cancer effect in mice. It was this that had led us to think that
having it in the blood on a constant basis was probably best way to go in humans, but we
didn’t know how long we would need to treat. For example, would the drug only need to be
given for 1 month, with any further treatment beyond that time being pointless, or would
most cancers require ongoing therapy for many years, if not for all-of-life? Would it be better
to give the drug on a continuously daily basis, or would it be perfectly OK to give patients a 1
or 2 week break from therapy every month?

Oncologists tend to use anti-cancer drugs as intensively as they can for as long as they can.
Even where a cancer appears to go into complete remission, many oncologists would still like
to continue treatment for as long as possible to ensure as complete eradication of the cancer
as possible. But long-term use of anti-cancer drugs comes with two major restrictions. First
and foremost is the toxicity issue. The great majority of anticancer drugs simply cannot be
given in large doses for anything but short bursts, with mandatory rest periods of weeks or
even months to give patients time to recover from serious side-effects. The second restriction
is the risk of the cancer becoming resistant to the anticancer drug over time. For many
cancers, the more a drug is given, the greater the likelihood that drug-resistance will develop.
For the most commonly used drugs, a 12-month break from therapy usually is required to
reduce the risk of development of drug-resistance.

When it came to phenoxodiol, we realised that questions of how long it needed to be given,
and the pros and cons of giving it continuously or intermittently, were probably only going to



be answered with time and the use of the drug across thousands of patients. For the moment,
however, we needed to use the drug in a way that would at least provide an overview of its
safety. Pressed at the time to give a guess as to how we saw the drug being used eventually, |
think we would have said on a continuous daily basis for 12 months. On this basis, we felt
that a reasonable approach to a Phase 1b study was to give the drug on a continuous basis
over a 6-month period. That would provide ample time to allow any side-effects to develop.

The St George Hospital where we had conducted the earlier Phase la study were keen to
conduct the Phase 1b study, with one of the hospital’s oncologists, Dr Paul de Souza, coming
on board as the Principal Investigator for the study. The hospital’s ethics committee felt that
the jJump from a single 5-hour infusion (in the Phase 1a study) to continuous 24-hour infusion
every day for 6 months was just too big from a safety point of view. They suggested doing it
in two stages, starting with a less aggressive treatment schedule. The dosing schedule we
settled on was a single weekly injection, each week for 3 months. We would start with a very
low dose, and then increase that dose every 3 weeks until we reached the point where the
drug became unsafe to use. The whole idea was to give us and the ethics committee some
idea of how safe the drug was likely to be when given on a far more intensive basis.

We started with a single patient using a dosage of 1 mg phenoxodiol /kg body weight. This
was the dose we had used in the Phase 1a studies without problems. After 3 injections over 3
weeks and nothing untoward happening, a second patient was started at a dosage of 2.5
mg/kg. Three weeks later a further 3 patients were commenced on 5 mg/kg, and this step-
wise pattern continued until we reached a dosage of 30 mg/kg, by which time 21 patients
were being treated. Over this time, 7/21 patients had experienced mild side-effects such as
nausea and rashes. The fact that these side-effects occurred at the time of injection pointed to
them being associated with the cyclodextrin vehicle. In any event, they were managed
adequately with medication. Importantly, we saw none of the usual serious side-effects
associated with chemotherapy, viz. toxicity of the bone marrow or gut or nervous system. In
fact, the complete lack of any evidence of serious side-effects led us and the clinical
investigators to believe that it was highly unlikely that we were even close to reaching the
safety ceiling. After consultation with the ethics committee, it was decided that there was
little point in continuing with the study and that we should move ahead immediately with a
more intensive dosing schedule.

We hadn’t expected to see any evidence of an anticancer effect in this study. A once-a-week
dosing schedule was so much less intensive than the way that we had used it in mice, and so
well below what we expected would work in humans, that it would have been extraordinary if
it had produced any significant anti-cancer effect in this study. Nevertheless, we did see
encouraging signs of anti-cancer activity. Seven of the 21 patients showed stable disease over
the course of the study and were able to complete their 12-weeks of therapy without disease
progression. Two patients (one with pancreatic cancer and one with renal cancer) in particular
showed long-term stabilisation and remained on therapy following completion of the study.
The renal cancer patient captured my attention for two reasons. First, because he was the first
patient recruited into the study and therefore he got the starting dose of phenoxodiol. The
fact that he apparently responded so well to such a low dose of drug was intriguing. Here we
were thinking that we would need to deliver phenoxodiol on a continuous daily basis at
relatively high levels in order to achieve an anti-cancer effect, and yet here was a very
aggressive and advanced cancer responding apparently well to phenoxodiol at very low
levels for only about 4 hours each week. It was an effect that did then, and continues to this
day, to intrigue me. Of course, this could well have been a one-off, never-to-be-repeated



effect that was peculiar to this one cancer in this one patient. But over the years, | saw enough
evidence of the same thing happening in other circumstances and in other patients to make
me believe that there is a real phenomenon occurring here that | wish | understood.

The second reason that this patient came to my attention was because he was a friend. | had
not been aware that he had cancer and so it came as a total shock to discover that he was
being treated with phenoxodiol. He had taken it upon himself to enrol into the study, and
only told me about it when he was about 6 weeks into the study. A gentle man with a strong
Buddhist faith, he accepted his condition with good grace and quiet perseverance. After
completing his 3-month course of treatment on the study with no evidence of tumour
progression, his oncologist sought permission from the Company to continue on the
phenoxodiol treatment. He remained on treatment for almost a further 18 months, dying
tragically from an embolus, with a post-mortem revealing that there had been no progression
of his disease. Vale Max.

With increasing confidence in the safety of the drug, we set about designing a Phase 1b study
using a more intensive dosing schedule. After a lot of discussion with cancer specialists, we
decided on a dosing schedule that involved a 7-day period of continuous intravenous infusion
followed by a 7-day rest period. Patients would have a central catheter inserted into their
subclavian (shoulder) vein on a long-term basis and the phenoxodiol solution fed in via a
pump that the patient carried strapped to their body. Patients would be done in groups of 3,
and each patient would stay on the same dose. As with the first Phase 1b study, we would
start with a low daily dose (about 1 mg/kg) and rise progressively up to about 30-40 /kg. In
other words, we would be delivering daily what patients in the earlier study received weekly.
That week-on and week-off schedule would continue until patients showed disease
progression or developed unacceptable toxicity.

Our preference was to conduct this Phase 1b study in the US. That was where we wanted to
focus our future clinical research program, and we also wanted to work closely with the FDA
on steering the appropriate development path for the drug. To start clinical trailing in the US
meant applying in the first instance for IND (Investigational New Drug) status, a pre-
condition for the use of any experimental drug in humans in the US. We felt comfortable in
doing so given that we now had successfully used the drug in some 32 humans without any
significant safety issues. We were confident that this human experience would overcome the
hurdle of having limited animal safety data.

The process of assembling all the pre-clinical and clinical data for the IND, along with a
fairly rigorous review and interview process with the FDA, meant that we would not have
been able to commence a Phase 1b study in the US for at least 18 months. We decided to use
that 18 months as profitably as possible by continuing with the clinical trial program in
Australia. Our plan was to run the same Phase 1b study in Sydney, and then to apply any
important lessons learn from that experience to the proposed US study.

This second Phase 1b study was conducted at a major Australian teaching hospital, Royal
Prince Alfred Hospital, Sydney, under the guidance of Dr. Michael Boyer. It involved 21
patients who had malignant cancers of various kinds that had failed conventional therapies.
The starting dose was 1.3 mg/kg and the highest dose was 40 mg/kg, with 3 patients per
dosage level. As with the earlier Phase 1b study of a weekly injection schedule, no drug-
associated safety issues were encountered, and that meant that, once again, we were unable to
identify a maximum tolerated dose of the drug.



The IND for phenoxodiol finally came through from the FDA in February 2001, allowing us
to forge ahead with clinical trailing of the drug in the US. As planned, we were going to
repeat the same Phase 1b study at the Cleveland Clinic in Ohio that we were in the process of
conducting at the Royal Prince Alfred Hospital in Sydney. The only difference being that the
FDA required that we use a starting dose of 0.3 mg/kg, although the fact that we had been
administering the drug safely to patients back in Sydney at much higher doses allowed us to
argue successfully that we could increase the dose at a faster rate than we had in Sydney and
miss out some of the smaller increases. By the time the trial was finished, 19 patients had
been enrolled, and the highest dose reached was 47 mg/kg. The outcomes of the Cleveland
study were the same as for the Sydney arm of the same study. No drug-associated safety
issues were encountered and the maximum tolerated dose was not reached.

The two studies had a combined enrolment of 40 patients. These patients all had terminal
cancers that had failed to respond to conventional therapies, and embraced a range of cancer
types including prostate, breast, thyroid, pancreatic, renal and colon cancers. We hadn’t seen
any objective tumour responses as a result of the phenoxodiol treatment, and all patients
eventually showed disease progression. Objective tumour response is a term that oncologists
use to indicate that the cancer has shrunk as a result of treatment. The overall volume of a
particular tumour has to drop by about half in order to qualify as a response, and that is
classified as a partial response. A complete response means complete disappearance of any
evidence of cancer. Disease progression is where individual tumours grow in volume by
about 50%, or where any new tumours appear.

Although we didn’t see any evidence of tumour shrinkage, we did see some evidence of an
anti-cancer effect. Seven of the 40 patients were able to continue on their phenoxodiol
therapy beyond the prescribed treatment time and were determined to have stabilised disease.
Stabilised disease simply means that it isn’t a partial response and it isn’t disease progression.
It could mean that the cancers have shrunk significantly, but not to the 50% level necessary to
qualify for a partial response. Equally, it could mean that the cancers have increased in size
by less than 50%. Each of these 7 patients eventually showed disease progression while on
therapy, but we took some comfort from a belief that we had achieved a modest anti-cancer
effect and most likely had been able to provide these 7 patients with an extension of life that
would otherwise not been there.

The successful conclusion of these two Phase 1b studies in Sydney and Cleveland was an
important milestone from which we were able to take a number of positive outcomes. The
first of these was that the drug apparently was without any significant safety issues. We had
given the drug almost to the point of its practical limits (in terms of pump capacity), and we
still had not seen any toxicities to be concerned about. More particularly, we had not seen any
of the side-effects normally associated with chemotherapy, such as severe anaemia, vomiting
and diarrhoea, nerve damage, and hair loss. Phenoxodiol was looking increasingly like a
very safe drug.

The second, and related, outcome had to do with our inability to identify a maximum
tolerated dose. As we noted earlier, for most anti-cancer drugs, it is a simple matter of
identifying the highest dose that can be tolerated, and then using that dose as a regular
therapeutic dose. This was something of a good news-bad news outcome. While it was a plus
that we almost certainly weren’t going to have to factor in determining what the regular



therapeutic dose would be, it still meant that we were left having to work out what that dose
would be.

The third positive outcome related to the drug’s pharmacokinetics. We now knew that we
were able to put the drug into the bloodstream at levels that we believed from the animal
studies to be effective, and to maintain those levels over long periods of time in a safe
manner.

The fourth, and perhaps the most significant outcome, was that there was some evidence of
an anti-cancer effect. It wasn’t dramatic, and it wasn’t particularly long-lasting. But it was
there and that meant that we now needed to learn how to apply the drug in the best way in
order to achieve a far more significant effect.

The way now was clear to move onto Phase 2 studies.



Chapter 13

YALE

The key question that remained unanswered, but was in urgent need of being answered, was,
which cancer do we target in Phase 2? Our problem still was an embarrassment of riches -
phenoxodiol was effective in the test tube against almost all forms of cancer that we had at
our disposal to test, and there was no single cancer that jumped out at us in the laboratory as
being more sensitive t0 phenoxodiol than another type. The small number of modest
responses that we had seen in our various Phase 1b studies also was across a range of
different cancer types, so again, no single cancer stood out from the crowd.

Our natural inclination was to pursue prostate cancer. Phenoxodiol Was no more effective at
killing prostate cancer cells than any other kind of cancer cell, but we had become aware of
some biological effects of phenoxodiol that were particularly relevant to the biology of the

prostate gland and to the development of prostate cancer.
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The diagram above shows the cross-sectional microscopic structure of the prostate. The bulk
of the gland is composed of tubules lined with glandular cells that secrete a fluid. This fluid



collects in the lumen of the tubules and is forced out of the tubules at the time of ejaculation.
This fluid then mixes with sperm, acting as a carrier and nutrient medium for the sperm.

The tubules are embedded in supporting tissue known as stroma which is composed of two
types of cells - smooth muscle cells and connective tissue cells. The muscle cells are wrapped
around each tubule and it is the contraction of these cells at the time of ejaculation that forces
the prostatic fluid out of the tubules. The connective tissue cells form the supporting network
for the tubules.

The biology of the prostate gland is poorly understood. It is known that the glandular cells
and the stromal cells are highly inter-dependent, sending chemical signals to each other that
serve to maintain the integrity and function of each tissue type. Further, it is known that the
integrity of the gland depends also on a particular interaction between male sex hormone
(testosterone) and female sex hormone (estradiol), and that any imbalance between these two
counter-balancing sex hormones can disturb prostate function. Beyond these two generalities,
little specifics are known about what maintains a healthy environment within the gland and
what underlies the two main diseases of the prostate — prostatic carcinoma and benign
prostatic hyperplasia (BPH). Prostatic carcinoma represents cancer of the glandular cells;
BPH is a benign disease resulting from the overgrowth of stromal cells, that commonly
occurs in older men leading to urinary obstruction and inadequate emptying of the bladder.

As we have already noted, phenoxodiol Kills prostate cancer cells, with no known effects on
normal prostate cells. Intriguingly, however, it also targets stromal cells as per the following
two observations.

@ phenoxodiol is an inhibitor of the enzymes 17-3-hydroxysteroid dehydrogenase
and 5-a-reductase. These two enzymes are involved in critical steps in the
production of the dominant male sex hormone, dihydrotestosterone.

17-p-hydroxysteroid dehydrogenase converts the pre-hormone, androstenedione
(produced in the adrenal glands and testes), into testosterone, and 5-a-reductase then
converts testosterone into the more powerful, Sa-dihydrotestosterone. 5-a-reductase
activity occurs mainly in the prostate gland, but also in the liver and the skin.

The drug, finasteride (Proscar), specifically blocks 5-a-reductase activity. Its
primary use is as a treatment for BPH. It has been used as an early treatment for
prostate cancer (while these cancers are androgen-dependent), but that use has been
largely replaced by more powerful drugs that block the production of testosterone, as
opposed to finasteride which leaves testosterone levels intact but causes
dihydrotestosterone levels to fall).

Phenoxodiol is slightly less active than finasteride in blocking 5-a-reductase
activity, but its ability to block 17-p-hydroxysteroid dehydrogenase activity provides
it with a potentially far more anti-androgen effect compared to finasteride on the
prostate.

This effect of phenoxodiol almost certainly is not connected with its primary target
of a dysfunctional, cancer-related proton pump. Phenoxodiol and finasteride share



a common diphenolic chemical structure, which is probably allowing phenoxodiol
to have a direct inhibitory effect on enzyme function.

@ phenoxodiol directly inhibits the response of smooth muscle cells to testosterone.
This finding emerged from a study using rat prostate glands grown in organ culture.
When testosterone was added to the culture, the glands responded by enlarging
considerably, due predominantly to the growth of the smooth muscle cells. When
phenoxodiol (NVV06) was added along with the testosterone, the gland failed to grow,
and this was due to the induction of apoptosis in the smooth muscle cells.
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So, not only had phenoxodiol blocked the growth-stimulating effects of testosterone, it
had actually induced the death of the cells in the presence of testosterone.

These observations gave us cause to consider very seriously developing phenoxodiol as a
treatment for BPH. All the desired functions were there .....a comprehensive anti-androgenic
effect plus a direct inhibitory effect on prostate stromal cells.

However, we reminded ourselves that our mission was cancer therapy, that the financial prize
was considerably greater with cancer than with BPH, and that achieving a cancer indication
would not stop the drug being used off-label for the treatment of BPH, while the opposite
would be unlikely.

As a cancer target, prostate cancer also had the advantage of being a cancer that generally is
diagnosed early and is relatively slow-growing. That made it an attractive target for a drug
that was safe to use and therefore could be given to men with early-stage disease. That early
stage in most men also is androgen-dependent, meaning that the anti-androgen effect of
phenoxodiol offered a distinctly advantageous supplementary effect to go along with its
direct cytotoxic effect on cancer cells. That would have been a unique dual action, which
along with its safety, would have made it an attractive therapeutic option for early-stage
prostate cancer.



There also was the fact that there was no drug on the market that offered any significant help
once the disease became established, and we were not aware of any promising new therapies
on the horizon.

But prostate cancer had a particularly unattractive side as a potential target, and that was the
difficulty we would face some years down the track in getting marketing approval from the
FDA. At that time, the FDA held a firm view that new anti-cancer drugs had to demonstrate a
survival benefit in order to be approved for marketing. That is, you needed to show that
patients on your new drug lived longer on average than patients on currently available
therapies. If your drug was intended to relieve pain or to mitigate any of the other side-effect
of prostate cancer, then survival did not come into the equation. But if the sole purpose of
your new drug was to slow down the rate of growth of cancer, then the only outcome that the
FDA was interested in was whether that effect translated into longer survival. It wasn’t good
enough to show that the drug reduced the rate of cancer growth as evidenced by a slower rise
in blood PSA levels or fewer secondaries over a period of time, you needed to show a black-
and-white improvement in the time that patients lived. In 2007, the FDA finally accepted that
what they term surrogate markers (such as the rate of rise of blood PSA levels or the degree
of bone pain as a marker of the extent of secondary cancers) could serve as adequate end-
points for evaluating the benefit of new anti-prostate cancer drugs. Essentially they have
accepted that if a new treatment changes the rate of rise of blood PSA levels from a situation
where it is doubling, say, every 2 months, to a situation where it is doubling, say, every 4
months, then that should mean that the patient is experiencing a reduction in the rate of
growth of the cancer, and that should flow into a longer survival time.

The main benefit of this change of heart is that it considerably reduces the length of time that
it takes to test a new drug. Instead of waiting up to several years for patients to die, the
answer potentially can be obtained within a matter of 6-9 months. But that is now, and back
in 2001 we were faced with the prospect of having to do clinical trials that could have lasted
years. For patients with advanced, late-stage, metastatic disease, the average survival time is
about 18 months, so that even with these patients, a clinical trial involving some hundreds of
patients would necessarily have lasted 3-4 years. And if we went further back into the cancer
process and used patients with early-stage disease, the clinical trial would have lasted in the
order of 5-7 years. This prospect was not highly attractive, considering that there were many
alternative cancers where either the FDA accepted the use of surrogate markers or the
survival time of the patients was measured in months rather than years.

It was against this backdrop of uncertainty and searching that we were contacted in mid-2001
by a research group at Yale Medical School. This group, headed by Dr Gil Mor, had a major
interest in the treatment of ovarian cancer. One of the results of all that research was their
development of a unique resource — a library of ovarian cancer cell lines from women who
had died with cancers that had become resistant to all standard forms of therapy. Cells had
been collected from the cancer at the time of death and established in the laboratory as a
permanent cell line that continued to grow years after the patient’s death. There were several
dozen of these cell lines, representing the largest known collection of its type. Each of these
cell lines was completely resistant to all standard anti-cancer drugs. When drugs such as
cisplatin or doxirubicin (drugs commonly used to treat ovarian cancer) were added to test-
tubes containing these cancer cells, the cells continued growing as if no drug was present.

Mor quickly realised the value of this library of cells as a tool for screening new anti-cancer
drugs. Once ovarian cancer cells developed resistance to one drug such as cisplatin, they



soon developed resistance against all other commonly used anti-cancer drugs. This meant that
there was an urgent need to find new drugs that were able to circumvent this multi-drug
resistance and offer some hope of response for women whose cancers had finally failed to
respond to standard therapies.

The platinum-based drugs such as cisplatin are the first choice of chemotherapy for ovarian
cancer. About 20% of ovarian cancers already display multi-drug resistance even before any
chemotherapy is used, and for these women, there really are no chemotherapy options open to
them. The other 80% of ovarian cancer cases respond, usually particularly well, to the
platinum drugs, shrinking in large part or even disappearing completely for periods up to
several years. But the cancer inevitably returns in due course, and the second time around
usually shows evidence of being less sensitive to chemotherapy, a pattern that repeats itself
until the cancer eventually becomes completely insensitive, continuing to grow rapidly in the
face of high doses of chemotherapy. This is the fate for most women whose ovarian cancer is
inoperable at the time of diagnosis, and they represent a clear and pressing need within
medicine for new therapies able to either circumvent the development of multi-drug
resistance or have the ability to nullify it, thereby restoring the cancer cell to its original naive
state of sensitivity to chemotherapy.

Mor approached every pharmaceutical company, both large and small, that he knew was
running an anti-cancer drug R & D program, offering to test their drugs against the Yale
library of ovarian cancer cells. I don’t know how many companies responded or how many
drugs were tested, as the drugs were supplied on a confidential basis, but | was led to believe
that a significant number of drugs were tested.

This request came at a particularly relevant time for us, given that we were right in the middle
of considering which target cancer to pursue. For that reason we were happy to send Mor
some phenoxodiol to test, although | am happy to admit that | did not have a huge amount
of confidence that it would succeed in the face of such a challenge. Up until that time, the cell
lines that we had been using to test phenoxodiol had not been selected purposely for any
drug-resistance. In fact, where we had tested standard anti-cancer drugs just for comparison,
most of the cell lines were sensitive to drugs such cisplatin and docetaxel. Phenoxodiol
nearly always outperformed those other drugs, but it meant that those cancer cells by and
large had not developed any profound level of resistance to standard drugs. So we had no
idea based on our studies to that time how phenoxodiol would perform in the face of such
well-developed drug-resistance. But the fact that it would be going up against cancer cells
that had become resistant to all known anti-cancer drugs, including many that were far more
toxic than phenoxodiol, was something of a daunting task for a drug with such an apparently
gentle anti-cancer action.

A few months later, a very excited Dr Mor contacted me to tell me the results. Only two out
of all of the experimental drugs that he had been sent by the different companies had shown
any effect. One of them, a new generation of an existing drug, had killed about 60% of the
cancer cell lines. The only other effective drug, phenoxodiol, had killed 100% of the cancer
cells. It looked like whatever mechanism had been developed by the cancer cells to become
resistant to all other forms of therapy, that mechanism was being completely short-circuited
by phenoxodiol.

Mor’s excitement was based on the opportunity that this offered for his patients. For me, it
was an apparent answer to the burning question of which cancer we could pursue as a target



for the purpose of getting the drug registered. Whereas my gut instinct had been to pursue
prostate cancer, the regulatory challenges we faced at the time made it a highly unattractive
route to pursue. If prostate cancer had been the only cancer where phenoxodiol showed any
effect, then we would have had little choice but to face up to those hurdles. But with Yale
now providing evidence of the drug’s effectiveness in ovarian cancer, an alternative and far
more attractive option was opened.

As with late-stage prostate cancer, late-stage ovarian cancer had no therapeutic options, and
so any prolongation of survival would be a positive outcome. But unlike prostate cancer, late-
stage ovarian cancers generally were fast-growing with death occurring within about half the
time that it took for patients with prostate cancer to succumb. This meant that clinical trials,
where an effect on patient survival was the key test of a new drug’s benefit, could be carried
out in a considerably shorter time with ovarian cancer than with prostate cancer. As harsh a
reason as this may seem, it is a harsh reality for drug developers that the best way to do the
most good for cancer patients is to take the fastest and most certain route to regulatory
approval. For us, that increasingly appeared to be late-stage ovarian cancer, even though we
had every expectation that the drug, once approved and on the market, would be available to
be used for patients with prostate cancer or indeed any form of cancer.

The receipt of this news meant an immediate visit to Yale University Medical School. There |
met Dr Gil Mor and the head of his department, Professor Thomas Rutherford. While my
anticipation of the meeting and the opportunity for future collaboration was one of cautious
optimism, | was not prepared for the enthusiasm with which this duo regarded phenoxodiol.
I guess it was an enthusiasm born of the frustration of standing by and seeing patients with a
late-stage cancer die and not be able to offer anything that could provide even a flicker of
hope. The upshot of the meeting was a commitment on both sides to move to get
phenoxodiol into patients with late-stage ovarian cancer just as soon as possible. That
eventually happened with a Phase 2a study commencing in December 2002 at Yale-New
Haven Hospital, Connecticut, where phenoxodiol was given to 40 patients with late-
stage ovarian cancers.

When we started planning the clinical trial, it would be fair to say that both parties (Company
scientists and Yale clinicians) were looking at phenoxodiol as just another stand-alone drug
that would be added to the list of drugs traditionally used to treat ovarian cancer. A likely
scenario that we considered at the time was that the platinum-based drugs (cisplatin or
carboplatin) would remain the traditional first-line of chemotherapy for ovarian cancer,
providing a good response in about 80% of cases, with most of those women remaining
cancer-free for periods up to several years. Once those cancers inevitably returned and
eventually became resistant to the platinum-based drugs, the second-line chemotherapy
options were the taxanes (taxol or docetaxol) and doxorubicin. We imagined that
phenoxodiol would join that list of second-line chemotherapy options, possibly being the
preferred option because of the development of multi-drug resistance. All of this was based
on the promise from the Yale laboratory studies where phenoxodiol had proved so highly
successful in killing ovarian cancer cells where all other drugs had failed. What we dared to
hope was that phenoxodiol would prove just as successful in killing off late-stage, multi-
drug resistant ovarian cancer cells, as cisplatin was in killing early-stage ovarian cancer that
was being exposed to chemotherapy for the first time.

In the 12 months or so that it took to discuss and plan the upcoming Yale clinical trial, this
notion underwent a radical change as a result of new data emerging from the Novogen



laboratories. Novogen scientists had asked the question, what happens when you mix
phenoxodiol with other anti-cancer drugs? We knew enough about phenoxodiol at that
stage to believe that it worked in a totally different way to every other anti-cancer drugs, so at
best we thought that any enhanced anti-cancer effect from a mixture of phenoxodiol and
another drug would be a simple sum of the effect of phenoxodiol + the effect of the other
drug. We didn’t really anticipate any particular interaction between two drugs of such
different actions.

It came as a complete surprise, therefore, to find that mixing phenoxodiol with virtually all
other anti-cancer drugs produced an extraordinary interaction. Phenoxodiol increased the
sensitivity of cancer cells to almost all other standard anti-cancer drugs by factors ranging
from thousands to tens of thousands. The first combination we looked at was
phenoxodiol+cisplatin. Regardless of the type of cancer that we used (eg. breast, prostate,
ovarian), the presence of phenoxodiol meant that the dose of cisplatin required to kill all
cancer cells in a test-tube could be reduced by about 100,000-fold. We didn’t understand at
the time what mechanism was operating here, but it was clear that whatever phenoxodiol
was doing to the cancer cells resulted in them being rendered exquisitively sensitive to
cisplatin. We subsequently found that this effect was not limited to cisplatin, and extended
to most other commonly used anti-cancer drugs that we looked at including gemcitabine,
docetaxol, paclitaxel and topotecan.

Novogen scientists then took this line of research one step further. The question being asked
next was, what effect phenoxodiol would have on the ability of other drugs to work where
cancer cells were highly resistant to those other drugs. So far, we knew that phenoxodiol
dramatically increased the sensitivity of ovarian cancer cells to cisplatin or docetaxol,
where those cells were already sensitive to those drugs. The question now being asked now
was, would this same phenomenon apply to cancer cells that were highly resistant to drugs
such as cisplatin or docetaxol? Would phenoxodiol be able to reverse that resistance and
make the cells sensitive once again to those drugs? Using one drug to reverse resistance to
another drug had never been achieved before in practice, so it was always going to be a tall
order. And yet, that is exactly what phenoxodiol delivered.

Ovarian cancer cells that were so highly resistant to drugs such as cisplatin that they
essentially ignored that drug, could be re-sensitised to cisplatin by the addition of relatively
low amounts of phenoxodiol. Cancer cells that were almost impossible to kill with cisplatin,
now could be killed by the same amount of cisplatin that it took to kill sensitive cancer cells.
To put this into context, let’s imagine a test-tube containing ovarian cancer cells of the sort
that would be found in most women at the time of initial diagnosis. That is, they haven’t
encountered anti-cancer drugs before and therefore are sensitive to cisplatin. To kill all of
these cancer cells, we would need to add, say, 5 units of cisplatin. But if we were to add a
small amount of phenoxodiol first, an amount that on it own has no discernible effect on the
cancer cells, then we would sensitise the cancer cells to the extent that we could reduce the
amount of cisplatin by 100,000-times (that is, 0.00005 units) and still achieve 100% killing
of the cells. Now then let’s take some ovarian cancer cells taken from a different patient, this
time from a patient whose cancer had been treated a number of times with cisplatin and had
become completely resistant to that drug. These cells would not be the least inconvenienced
by the addition of 5 units of cisplatin. We would probably need to go to something like 50
units of cisplatin before we would start to see any killing occurring with these cells. But if



we were to add phenoxodiol to these cells first, a dose of 5 units of cisplatin would be
enough to achieve 100% killing.

Mor and his colleagues at Yale then went on to confirm this finding by using their library of
highly resistant ovarian cancer cells. All of their different cancer cell lines had their
sensitivity to cisplatin restored by the prior addition of phenoxodiol. They then went
further by showing that this phenomenon was not restricted to cisplatin. It also extended to
the taxane-based drugs. Cells in their ovarian cancer cell library that were highly resistant to
docetaxol as well as cisplatin could be made susceptible again to quite low doses of
docetaxol by the addition of phenoxodiol.

From a position where we were envisaging using phenoxodiol 0n its own to treat late-stage
ovarian cancer where everything else had failed, we now shifted our thinking to its use as a
means of restoring sensitivity to the mainstay drugs such as the platinum-based drugs or the
taxane-based drugs. This would be an entirely new concept in chemotherapy and it brought a
measure of excitement to the discussions with Yale on the design of the upcoming clinical
trial.

Combination chemotherapy is not new. Combining 2, 3 or even 4, different anti-cancer drugs
is becoming an increasingly popular approach to chemotherapy, particularly for cancers with
notoriously poor response rates to chemotherapy. The principle behind combination (or
multi-drug) chemotherapy is that each of the different drugs provides an additive effect, with
each drug working independently of the others so that the sum effect is greater than using any
one drug on its own. Although the way we now were considering to use phenoxodiol Was by
definition combination therapy, it was based on a different theory to that convention. Almost
certainly phenoxodiol would be contributing an anti-cancer effect in its own right, in the
way that it had successfully killed ovarian cancer cells in Mor’s laboratory. However, its
overwhelming contribution would be to restore sensitivity to drugs such as cisplatin (or
carboplatin) and docetaxol, allowing those potent drugs to do most of the killing.

The plan that we evolved with Yale was to take patients who had become unresponsive to
platinums and taxanes and then to treat them with phenoxodiol and cisplatin. The
likelihood of any of these cancers responding to any further cisplatin therapy would be very
low, probably in the order of 10-15%, and even then, more than likely just a temporary
slowing down of the disease for several months. This meant that if phenoxodiol was as
successful in restoring sensitivity to cisplatin in the patient as it was in the laboratory, then
we could expect to see a dramatic increase in the anti-cancer response. From a typical few
months of stabilised disease in 10-15% of patients, we hoped to achieve something closer to
the response seen to cisplatin when used for the first time — that is, complete disappearance
of cancer in about 80% of cases. The only thing that we were not sure about was just how
long such remission would last. We did not seriously expect that it would last the same
number of years that it did the first time that cisplatin is used. Nevertheless, extending the
survival of end-stage cancer patients without compromising their quality of life is a goal
worth chasing.

The Yale doctors conducting the study were not in favour of giving phenoxodiol by
continuous intravenous infusion. They wanted to give the drug as a bolus intravenous
injection each day, which was always going to be a practical challenge bringing patients into
hospital every day for some months. The compromise that we reached was to give



phenoxodiol on two consecutive days each week, to be followed by several days of
treatment with cisplatin. This was a compromise in the sense that by only using it 2 days a
week, we did not expect to see it provide any significant anti-cancer effect on its own. But we
were confident that this limited dosing schedule would be sufficient for it to work as a
chemo-sensitiser for the cisplatin.

The plan was to take patients with end-stage ovarian cancer that had become unresponsive to
both platinum and taxane therapy, and to administer phenoxodiol and cisplatin on a
rolling weekly basis until the cancers failed to show any response. The Ethics Committee of
Yale-New Haven Hospital baulked at the concept of using such a new drug (and in their eyes,
completely untested) in combination with a drug with such well-known toxicity, and required
that we conduct the study in two separate steps.

The first step was to use phenoxodiol on its own. In this Phase 2a study, the drug given to
40 patients who were assigned to four different dosages of phenoxodiol — 1, 3, 10 and 20
mg/kg, with 10 patients per dose level, with treatment to continue until patients showed
evidence of disease progression. Not unexpectedly, the low intensity phenoxodiol dosing
schedule did not produce any dramatic anti-cancer effects. Ten of the 40 patients showed
stable disease after 3 months of therapy, which was taken by the Yale clinicians as a highly
promising sign, given that these patients all came into the study with rapidly progressive
disease. To be able to stop the growth of such aggressive and multi-drug resistant cancers in
any of these patients was seen as a highly promising outcome. Nevertheless, all patients
eventually went on to have progressive disease, at which time their phenoxodiol therapy
was stopped and they left the trial.

Once a patient’s enrolment in a clinical study finishes and they return to the care of their
normal doctors, they are free to undertake whatever further treatment they may wish to
pursue. While on the trial, a patient’s treatment and management schedules are very tightly
controlled, but once that patient leaves the study, their treatment becomes a matter of
discussion between them and their doctors. Of the 40 patients who had taken part in the Yale
study, most chose not to have any further therapy and, while we have no details about their
fate, | anticipate given the extent of their disease state that they would have passed away not
long after the completion of the study. However, 10 of the 40 patients chose to continue on
with further therapy, and what happened next to these patients came to excite us and the
whole Yale team.

These 10 patients were re-treated with one of the taxane drugs (taxol or docetaxol) On a
last-ditch effort basis. All 10 of these patients had failed to respond to these drugs earlier,
leading to their cancers being classified as taxane-refractory, and in normal circumstances it
is unlikely that a taxane would have been used again. [That might be the case now with dose-
dense taxane therapy, but back then such therapy was just an experimental notion being
tested in Europe. Taxane therapy in most parts of the world was the standard, approved
dosing regime, and when a patient became refractory to that regime, further use of that
regime was considered to be ineffective.]

Certainly nothing more than a temporary halt to tumour growth would have been anticipated
at best. Yet what happened was that cancers in 8 out of the 10 patients showed an immediate
and significant response, shrinking dramatically or completely disappearing. The inescapable
conclusion was that phenoxodiol somehow had restored sensitivity to the taxane drugs, and
if this was true, then this was the first evidence of one drug being able to reverse resistance to
another drug.



This observation was important in bringing a whole new way of thinking about phenoxodiol
and its role in cancer therapy. From the early view that phenoxodiol was a stand-alone drug
to be used in late-stage cancers when everything else had failed, the prospect began to emerge
that its real role might be to enhance or to restore the effect of other, more powerful drugs.

More about Yale and the significant contribution that it made to the overall development of
phenoxodiol coming up.



Chapter 14

CHEMO-SENSITISATION

The appointment of Dr David Brown, a molecular biologist, to head up the Company’s
burgeoning pre-clinical program had opened up a broad front of studies into how the drug
was working and how it interacted with other drugs. David brought to the task a wonderfully
questioning mind with the technical skills to back up the enquiry. From being reliant on the
efforts of collaborators to extend the boundaries of our understanding of how the drug was
working, we now were generating in-house considerable insights to explain many of the
clinical observations.

In terms of how phenoxodiol interacted with other anticancer drugs, three phenomena were
under investigation at the time.
1. This is the ability of phenoxodiol to enhance the anti-cancer
activity of other drugs in the absence of chemo-resistance.

2. ([ONE e NN ER] This relates to the Yale observation that

phenoxodiol is able to kill cancer cells that are highly chemo-resistant to other drugs.

3. [RESOIE el gl e IR NIYINY. This is the ability of phenoxodiol to restore

chemo-sensitivity to other anticancer drugs.

We assumed that there was a common thread running through all three phenomena that had
to do with the primary target of phenoxodiol, but each of these three phenomena represented
a distinct clinical situation and a distinct way in which the drug would need to be used, hence
they were regarded as separate entities for the purpose of study.

Chemo-sensitivity refers to how sensitive a cancer cell is to the killing effect of an anticancer
drug. Any cancer cell can be killed by virtually any anticancer drug if given at high enough
doses... it is just a matter of degree. Chemo-sensitivity has both innate and an acquired
components. Innate chemo-sensitivity refers to the degree of sensitivity to a particular
anticancer drug when that cancer is seeing chemotherapy for the first time. Most forms of
cancer show a variable level of innate sensitivity to different anticancer drugs. Thus, ovarian
cancer is far more sensitive to therapy with platinums and taxanes than to virtually any
other form of chemotherapy. Pancreatic cancer shows some sensitivity to gemcitabine, but



is virtually insensitive to almost every other chemotherapeutic. Then there are those cancers
like melanoma, cholangiocarcinoma, prostate cancer and glioma that are essentially
insensitive to all forms of chemotherapy. Moreover, this situation is not universally true for
any one kind of cancer... for example, about 20% of newly-diagnosed cases of ovarian
cancer show no clinical response to first-line platinum or taxane therapy, whereas the
remaining 80% generally show a good response.

Lots of theories have been put forward to explain this, but in truth, no-one has the answer.
The most likely explanations are that an insensitive cancer cell either has shut down the
mechanism that transports the drug into the cell, or has activated a pump that expels drugs
from cells, or has an inbuilt mechanism that destroys the drug, or it has such well-developed
survival mechanisms (such as anti-apoptotic proteins) that the lethality of a drug has been
reduced, or it has super-active DNA repair mechanisms. Take you pick...it could be any one
or any combination of these factors.

T RS NIIRETITe]g Returning to the ability of phenoxodiol to enhance the killing effect
of anticancer drugs in cancer cells already sensitive to those drugs, the following two log-

scale graphs show the extent of that effect.
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In these two cases, human ovarian cancer cells that were sensitive to both cisplatin and
gemcitabine, had that sensitivity increased some 10,000 times in the presence of a sub-
lethal dose of phenoxodiol. That is, the dose of cisplatin Or gemcitabine required to kill



50% of the cancer cells could be reduced 10,000 times in the presence of phenoxodiol. The
same chemo-sensitising effect was found to occur with paclitaxel and topotecan.

Interestingly, this sensitising effect does not occur with the anticancer drug, doxorubicin. In
fact, it is worse than that .... phenoxodiol antagonises the action of dexorubicin. When Jim
Morre’s team was asked to look at this, they found that doxorubicin inhibited tNOX
function as one of its actions, from which we assumed that the antagonism between the two
drugs most likely lay in competition for tNOX. While this pointed very clearly to the two
drugs never being used in combination in the clinic, it seemed likely that this was likely to be
a one-off exception to the rule.

Aside from doxorubicin, the fact that sensitisation is occurring with drugs that have
completely different mechanisms of action, points to a fundamental action of phenoxodiol
that transcends how the anticancer drugs are killing the cell. It isn’t too much of a stretch of
the imagination to believe that interference to the cell’s proton pump mechanism with the
resulting shift to the right in the pro-survival:pro-death internal balancing mechanism, would
substantially lower the bar for any cell to enter into apoptosis following damage by a second
drug.

The clinical opportunities with this function were glaringly obvious. Phenoxodiol could be
used to promote the anticancer effects of some of the most widely-used drugs in
chemotherapy with three potential outcomes. Either (a) enhancing the tumour response in an
individual patient, or (b) broadening the response of cancers, such as the 20% of ovarian
cancers that do not respond to first-line chemotherapy, or (c) allowing the dose of
chemotherapy to be reduced to a sub-toxic level without compromising efficacy.

This was the basis on which we first approached the Yale group. Our thinking was to add
phenoxodiol t0 first-line platinum therapy and to measure both the incidence of cancers that
responded (that is, could we eliminate the 20% of non-responders?) and the degree of
response in the responder group (that is, how long on average could we extend remission
time?). But we were persuaded otherwise. The Yale group were far more concerned with the
immediate problem of providing a therapeutic option for patients with end-stage disease who
had failed all forms of chemotherapy. That had been the basis of their work with
phenoxodiol to date. We also had to face up to the perennial problem that chasing a
therapeutic indication in early-stage cancer is a substantially longer regulatory pathway than a
late-stage indication. If survival time was the required end-point, then the time difference
between using phenoxodiol as a first-line therapy versus a last-line therapy could amount to
4-5 years.

Irrespective of what therapeutic indication phenoxodiol eventually achieves, it is this
author’s abiding belief that its chemo-sensitising property eventually will account for the
greatest use of the drug. But from a developmental point of view, that opportunity was put to
one side once we commenced a Phase 2 trial program with Yale.

O geel I [alo MV Ee [V o RN Egle= Turning now to the second observed effect of

phenoxodiol, that of being able to kill cancer cells that have acquired chemo-resistance as a
result of exposure to anticancer drugs. It was this effect that first had
brought us to the attention of Yale.



Taking ovarian cancer as an example, we have previously spoken of how some 15-20% of
these cancers exhibit innate chemo-resistance, failing to respond first-up to the standard
therapies of platinums or taxanes. They also show no response to any other chemotherapy.
The remaining 80-85% of cases respond to first-line therapy, usually the platinums
(cisplatin or carboplatin), with most going into remission for between 1-3 years. On
recurrence, most of these respond again to chemotherapy, but generally with a reduced
response. This pattern continues, with the time interval between remissions shortening and
the response each time to drug therapy diminishing. Eventually the point is reached where
there is no response to platinums. The cancer at this stage is referred to as being platinum-
refractory. It also generally by this stage is refractory to taxanes.

Once a cancer becomes unresponsive to one drug, it is usual for it to be unresponsive to all
other chemotherapies as well. This is known as multi-drug resistance (MDR). The underlying
cause of MDR, like that of the varying sensitivity to any cancer to chemotherapy, is
unconfirmed, although a number of theories abound. Chief among these is the activation of a
protein known as p-glycoprotein (or P-gp). P-gp acts as a pump designed to expel foreign
chemicals (such as drugs) entering cells. MDR is associated with lower levels of the drug
within the cell, and increased P-gp activity. The same mechanism applied to both cancer cells
that become resistant to chemotherapies, as to malarial parasites that become resistant to anti-
malarial drugs. In either case, the drug fails to work because it is being shunted out of the
cancer cell before tit can work.

The Yale studies show that phenoxodiol is totally unaffected by the presence of MDR. We
assume that this is because phenoxodiol is not reliant on a transport mechanism to enter the
cell. Its target, tNOX, is a readily accessed protein on the external envelope of the cancer cell.

It was this property that the Yale clinicians originally thought could be harnessed to treat
their end-stage ovarian cancer cases. The degree of killing by phenoxodiol of multi-resistant
ovarian cancer cells that they had seen in the test-tube was so impressive, that they were
optimistic that this could be repeated in the clinic.

We were more cautious. We hadn’t seen any dramatic tumour responses in any of the end-
stage cases treated to date with phenoxodiol, which had led to a growing suspicion that it
was a drug likely to be more successful in early-stage cancer (such as androgen-dependent
prostate cancer) if it was to be used alone. It was true that we had not tested it at that time in
any patients with end-stage ovarian cancer, but it was difficult to believe that it would be
preferentially active against that one cancer type.

The Phase 2 trial that we went on to conduct at Yale with phenoxodiol monotherapy in
patients with end-stage ovarian cancer failed to show any dramatic tumour responses,
although this did little to prove the case either way because we had been obliged to use the
drug in such a low intensity way. In any event, by the time that we had concluded that study,
the third property of phenoxodiol had been revealed which pointed the way forward in the
clinic as far as Yale was concerned.

(RN (o] Vi o] g 0] el o I OB NNMYAYWY, This refers to the ability of phenoxodiol to overcome or

to avoid MDR and to restore sensitivity of cancer cells to anticancer drugs. With the
exception of doxorubicin, this effect applies to all commonly-used anticancer drugs, but
particularly the platinums and the taxanes, and it applies across a broad range of cancer

types.



Where sensitivity to a particular drug has been lost following repeated exposure to that drug,
phenoxodiol is able to restore that sensitivity almost to the point of original sensitivity.

The way that phenoxodiol was doing this seemed fairly obvious....inhibiting the cancer
cell’s proton pump would cause a general disruption of the cell’s biochemistry, including the
MDR mechanisms, restoring the ability of the second anticancer drug to work its magic. In a
general sense, that simplistic view is probably correct, but there appear to be nuances with
individual drugs that suggest discrete effects.....an example of this being the situation with
platinum-resistance.

Platinum-resistance is associated with decreased activity of the enzyme, sphingosine-1-
phosphate lyase. To understand the significance of this, we need to return to our earlier
discussion of the ‘sphingomyelin cycle’. In this cycle, a cell needs to maintain a steady
production of the pro-survival messenger, sphingosine-1-phosphate, in order to stay alive.
Levels of this pro-survival messenger are regulated by three enzymes — sphingosine kinase
(converting sphingosine to sphinsogine-1-phosphate); sphingosinel-phosphate phosphatase
(reversing the action of sphingosine kinasg sphingosinel-phosphate lyasébreaking down
sphingosine-1-phosphate to the inactive compound, aldehyde).

kinase

sphingosine sphingosine-1-phosphate

phosphatase lyase

aldehyde

The lyaseenzyme is important in ensuring that sphingosine-1-phosphate levels do not build-
up abnormally within the cell to the extent that the cell could not undergo apoptosis in the
event of injury or programmed senescence.

Resistance in cancer cells to carboplatin is associated with decreased activity of the lyase
enzyme. Without the degradation action of this enzyme, levels of sphingosine-1-phosphate
build up within the cell to the point where there is over-expression of anti-apoptotic proteins,
profoundly raising the apoptotic threshold of the cell. Despite the fact that carboplatin is still
able to inflict DNA damage in the cell, the grossly elevated levels of sphingosine-1-
phosphate mean that the apoptotic threshold is raised to the point where the DNA damage is
unable to trigger apoptosis.

Phenoxodiol specifically overcomes this effect by inhibiting the action of sphingosine
kinase thereby denying the cell any sphingosine-1-phosphate in the first place.

This highly specific and potent effect of phenoxodiol in relation to carboplatin-resistance
was the very basis of the design of the OVATURE study. But more of that later.



We weren’t sure how phenoxodiol Was reversing resistance to taxanes and all the other
anticancer drugs that were tested. The carboplatin situation was likely to be unique to the
extent that denying the activity of a single enzyme was behind the reversal, but the
fundamental mechanism behind that was the shutting down of the cell’s proton pump.
Denying a substrate for sphingosinel-phosphate lyasevas just one of possibly thousands of
cataclysmic biochemical events that followed a shutting down of the proton pump, and
scattered among those disrupted events were sure to be multiple mechanisms of MDR.

But now for a note of caution. The reality is that back then, and still to this day, we were
largely in the dark as to how best to harness this effect. We simply weren’t sure of the
optimal way to use phenoxodiol to ensure the most effective reversal of chemo-resistance to
individual drugs. We conducted a lot of test-tube studies, asking questions such as, did it
make any difference if the phenoxodiol was added before or after the second drug, and if so,
then how long before or after? Overall, the best results came from adding phenoxodiol
either immediately before or concurrently with the second drug, but that effect was not
universal. The effect varied depending on the particular type of second drug, and on the
cancer type. So that was a mixed and somewhat confusing message.

Animal studies were always going to be far more meaningful, but the ability to look at a large
number of combinations and permutations is considerably limited compared to the test-tube.
So the animal studies ultimately only served to confirm that a particular way of using
phenoxodiol + a second drug was effective at reversing chemo-resistance, rather than
informing us whether or not it was the optimal way.

In the case of the platinums, what we knew about the role of sphingosine-1-phosphate in
carboplatin resistance suggested that phenoxodiol needed to be present at the time that
carboplatin was added. And animal studies with platinum-resistant human ovarian cancers
on board confirmed that dosing the two drugs together overcame platinum-resistance. But
whether that is the ideal way to use the two drugs, only time will tell. The Company simply
didn’t have the resources or the time to conduct the large number of combinations that would
need to be done to answer that question. The need to move on with the clinical trial program
was pressing, and so we were content to build a clinical program around a combination that
was working in the laboratory.

But the danger of that assumption, compounded by the challenge of dealing with a first-in-
class drug with a previously unknown mechanism of action, is no better highlighted than the
matter of the 8 Yale patients with taxane-refractory cancers that responded so dramatically to
taxane re-treatment after being on phenoxodiol therapy.

The matter of these 8 patients happened outside of the scope of the Yale clinical study, so it
isn’t something that was able to be drilled down into any great detail. Nevertheless, it had all
the appearance of a very real effect, with a significant cancer response in 8 out of 10 patients
with refractory disease being just too out of the ordinary to be a random event.

What made it particularly intriguing is that there was a gap of between about 1-3 weeks
between each patient coming off the study and the commencement of taxane treatment. That
is, there was a gap of between 1-3 weeks between the last dose of phenoxodiol and the
instigation of taxane treatment. This was more than enough time to ensure the excretion of
any phenoxodiol from that patient’s system. We couldn’t be certain that there was no drug



remaining attached to cancer cells, but this seemed highly unlikely. It seemed far more likely,
especially after 3 weeks, that all phenoxodiol would have been eliminated from the patients’
bodies.

In all the test-tube and animal studies that we had conducted looking at the synergistic effect
between phenoxodiol and drugs such as taxanes, it never occurred to us to administer a
course of phenoxodiol and then to leave a gap of 3 weeks before commencing taxane
therapy. I can’t imagine any pharmaceutical study team coming up with such a notion to test.

If, as the evidence suggested, that this was a real effect, then this was pointing to
phenoxodiol exerting some effect on cancer cells that was not killing the cells, and that that
effect was permanent to the extent that the phenoxodiol could be removed (perhaps even
had to be removed), leaving the cell sensitive to a subsequent exposure to a taxane.

It seemed to me that if this was a real phenomenon, then the answer had to lie with the effect
on the tNOX target, so to that end | approached Jim Morre to see if he could get to the bottom
of it. To my delight, Morre and his team were able to replicate in the laboratory what the Yale
clinicians had reported with the 8 patients. That work has been presented to a cancer
conference, and published in a scientific journal, and yet has flown completely under the
scientific radar, failing in particular to ignite interest at the time within the Novogen
executive or within the Yale clinical team. And so readers of this story need to balance this
author’s enthusiasm for the Morre data with the total indifference bordering on disbelief
expressed by virtually every other scientist who has seen the data. The problem appears not to
be a question of the validity of the data or the reputation of Morre’s team, but with the
acceptance of what can only be described as a phenomenon that flies in the face of accepted
scientific dogma.

Using human cancer cells resistant to docetaxel, they found that phenoxodiol not only was
most effective in reversing taxane-resistance when there was an interval of at least 24 hours
between exposure to phenoxodiol and exposure to docetaxel, but that the phenoxodiol
needed to be absent from the cell's environment at the time the docetaxel was introduced. In
other words, phenoxodiol appeared to be inducing some change in the cancer cell,
presumably within the proton pump mechanism, that left the cell sensitive to the effect of
docetaxel, but which only operated in the absence of phenoxodiol. Even more curiously,
the phenoxodiol-induced change, whatever it is, was transferable between cells, including to
cells not previously exposed to phenoxodiol. The experiment Morre and his team set up
went something like this.

Human cancer cells, highly resistantto docetaxel, were grown as separate colonies .
A sub - lethal dose of phenoxodiol was added to one test -tube, left there for 24
hours, and then washed off. The treated ce lIs were allowed to grow  for a further few
days with no further interference. T he medium they were growing in w  as collected
and added (cell- free) to the second set of cells. When  docetaxel then was added to
that second test - tube, the cells died.

| think it is this second feature of the data that causes so much disinterest or disbelief in this
story. It seems on the surface to be bizarre, and yet it is worth remembering that a similar
effect has been reported in certain other circumstances, where a 'learnt’ biological response by
some cancer cells is transferable to other cancer cells. It is referred to as a ‘bystander’ effect.



An early example of the ‘bystander’ effect came from the Los Alamos National Laboratory,
where the biologist, Dr Bruce Lehnert, was investigating a recognised clinical phenomenon
of where the exposure of one part of the body to irradiation could transfer radiation-effects to
other, non-irradiated parts of the body. Lehnert showed that irradiating human cells led them
to release extracellular chemical mediators that led to responses in non-irradiated cells that
were the same as those observed in cells directly irradiated.

This apparent bystander effect with phenoxodiol and docetaxel might have something to
do with a common mechanism of action. It has long been assumed that the anti-cancer
activity of taxanes lay solely with their ability to disrupt the structure of the micro-tubules
within a cancer cell. However it has now been shown that taxanes can also induce a
bystandertoxic effect on neighbouring cells through the generation of reactive oxygen
species which they accomplish by up-regulating the activity of NADH oxidase (NOX) in the
plasma membrane [Cancer Res 2007;67(8):3512-7]. That is just a little too close to home in
relation to the action of phenoxodiol to be ignored.

A lot more work would need to be done to sort out what is happening here in the case of
phenoxodiol and taxane-resistance, but the very fact that both drugs appear to be affecting a
common pathway in the proton pump mechanism, with phenoxodiol inhibiting activity of
the pump and taxanes enhancing pump activity, suggests that this answer lies somewhere in
some fundamental way that a cancer cell is handling its hydrogen and oxygen transfer.

The relevance of this speculation lies in an appreciation that the target of phenoxodiol ... the
proton pump....is probably more involved in how a cancer cell responds to many
chemotherapies and how it develops resistance to those chemotherapies than we hitherto have
appreciated. The good news is that that puts phenoxodiol in the box seat when it comes to
the opportunity of making the current range of cytotoxic anti-cancer drugs work better. The
proton pump is likely to be of little consequence with designer drugs such Herceptin and
Erbitux, but for the remaining armoury of cytotoxic drugs that are the mainstay of modern
chemotherapy, it may well turn out to be a highly significant target. The bad news is that no
single rule is likely to apply between phenoxodiol and those other drugs, just as the
antagonism between phenoxodiol and doxorubicin shows, and the different temporal
relationship between phenoxodiol-carboplatin and phenoxodiol-docetaxel treatment
show. Each combination will need to be investigated in its own right to determine the optimal
method of use.









