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QURRENT APPROACHES
& CHALLENGES

Treating cancer with chemotherapy or
radiation is flawed for reasons similar to
surgery. These approaches are akin to
ancient treatments for infectious agents like
syphilis or malaria, in which the patient was
treated with a poison-like arsenic that
hopefully killed the infectious agent faster
than the host. A miraculous cure could be
achieved on perhaps one patient out of a
hundred, a few were poisoned to deeth, and

I NTRODUCTI ON

the majority got very sick from the
treatment and weren't helped. Advancesin
care standards allow very potent
chemotherapy or radiation regimens to be
used today, but the fundamental paradigm
remains largely unchanged.

To significantly improve
chemotherapy, the effects of the treatment
must be confined to the cancerous tissue
while sparing normal tissue. Attempts to
confine the toxic effects to cancer cells
have included a number of unwieldy
techniques, such as coupling toxic agents

¢

with monoclonal antibodies and using
various encapsulation techniques. Products
based on these technologies have been
difficult to manufacture, offer limited
specificity for certain tumor markers, and
are therefore effective only on alimited
subset of tumors. Further, these products
can produce side effects that can be life
threatening. Because the immune system
works by maintaining a detailed 2picture®
of what 2normal® looks like, it goes after
amost any large, exotic molecule. An
immunologic response is triggered by an
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Distribution of PV-10 is monitored in mouse tissue using multiphoton microscopy.
Drug present in normal tissue (left) is located primarily in fluids surrounding
cells whereas cancerous tissue (right) shows extensive uptake into cancer cells.

aaltered-self © so alteration of a normal
large molecule virtually guarantees a
response. Coupling an antitumor agent to a
monoclonal antibody of human origin can
trigger an immunologic response almost
immediately. This response at the very least
will negate the effectiveness of treatment,
but a severe anaphylactic response with life-
threatening consequencesis also a
possibility. Additionally, the binding site of
the antibody has to present a @foreign®
configuration to the host (idiotype:anti-
idiotype reaction). The anti-idiotype
reaction may be an important 2brake® in the
immune systems response, which may
further limit effectiveness.

The immune systems' exquisite
sensitivity and specificity also works
against antibody-derived antitumor
therapies. Antibodies are directed against
only one epitope in any antigen. Therefore,

adslight alteration in a specific epitope in
one patient may preclude effectiveness by a
monoclonal-targeted therapy that works
well in others. A more common problem
occurs when the antigen target is confined
to alimited subset of tumors. For example,
anti-folate-receptor antibodies have little or
no use in prostate cancer because folate-
receptor levels generally aren't elevated in
these tumors. Another example is use of
anti-estrogen-receptor monoclonal
antibodies to treat breast cancer. This
approach is afar cry from 2a cure for
cancer® as touted in the popular press by a
cancer researcher in a prominent
government cancer facility. In reality, as
little as 20% of breast cancer patients may
be candidates for anti-estrogen-receptor
antibody treatment. Of those patients, only
afraction may actually respond to treatment
even though they have estrogen-receptor-

¢

—_
=
=
&
(&)
=
3
L
@
<
\
5
=
k
fall
=
S
QY
=

reorn to coserve recli orrcq\ =) J/e Jzticr
or) & pettiert with rrultiple rumrm 1 ore

liver tissue, ris "Jrg aclve ;:y COrrIp ;rom;ed
liver functicn. Also, 2 large turnor wes
ituzted very closely to ma cortal 2 veria
cavel velrs, | wetched 2 surgicel teairn of
tWo sUrgeons, o JJ‘]QJ@ rrses, e

racliclegist (to reacl the ultrasournc ancd IVF
JH‘EL es aricl :ULEH/ Jaw the probe into

o inserting t

C ‘re‘r U/:]r Mor he
'S cormrrierns ;
decision. Fe saic
UI Killing zll the tu

J WeErE C mJ Yas

=
3
)
C
I
E
=
o
a
o
™

positive tumors. It may be that the very
large antibodies (160,000 Daltons) don't
penetrate tissue to get to the needed sites. It
is also possible that the receptor- positive
cells modulate off the receptor or that in
some patients there is a subtle alteration in
the estrogen receptor epitope targeted by the
antibody so that it can't bind its target. It
may also be that the host's immune system
recognizes the anti-estrogen-receptor
antibody as foreign and neutralizes it.
Therefore, large molecule targeting of
chemotherapy agentsis likely to remain
limited in effectiveness and tremendously
expensive.

To improve the effectiveness and safety
of chemotherapy, one can design a tumor-
specific agent. Lesion-specific delivery of
therapy can also be used. Combining both
would further potentate the effectiveness of
the treatment. A number of attempts to use
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* Smilar results have been obtained with other tumor lines, incduding renal carcinoma, multiple-
drug-resistant lung carcinoma, hepatocellular carcinoma, and prostate carcinoma. Spontaneous
tumors treated in animal patients incude: cutaneous melanoma, equine sarcoid, canine fibrous
sarcoma, canine bladder tumor, and feline squamous epithelial carcinoma.

these methods have been developed. Lesion-
specific therapy of liver tumorsis one
prominent example. In the US, radiofrequency
(RF) or cryoablation of primary or metastatic
tumors to the liver is available. Outside the
US, percutaneous injection of absolute ethanol
into liver tumors under ultrasound guidance is
common. However, these techniques still fail
to confine their effects soley to diseased
tissue because they are equally effective in
ablating normal tissue. This limits
effectiveness and risks severe or life-
threatening side effects. Ablative techniques,
such as RF and cryoablation, while a step in
the right direction, remain hampered in their
effectiveness and safety similar to other less-
focused techniques. For example, if aliver
tumor is non-resectable due to its location
near major blood vessels, RF and
cryoablation may be equally ineffective in
treating the tumor for fear of damaging
critical vasculature.

Another technique that has been
attempted to limit toxicity of chemotherapy
agents while increasing effectivenessis
confining the area treated by limiting diffusion
of ahighly toxic and concentrated agent.
Examples of these techniques include isolated
perfusion for the treatment of metastatic
melanoma and for non-resectable liver tumors.
Basically, one tries to clamp or tie off blood
supply to the treatment site for alimited time
and deliver a high dose of agent. Eventualy,
the highly toxic agent will gain access to tissue
outside the area being perfused, and because
the agent isn't specific for diseased tissue,
severe systemic side effects can occur.

Direct intralesiona delivery of currently
available antitumor agents like 5-FU have met
with so little success that this approach hasn't
gained acceptance. The effects of this type of
agent have little more effectiveness than direct
delivery of battery acid. In one study, 5-FU
was delivered intratumorally into cutaneous
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melanomas. Only a couple of tumors out of a
couple of dozen treated responded. The
addition of epinephrine increased the
effectiveness to about 4 out of 14 tumors
treated. Asin the case of isolated perfusion, the
use of intralesional delivery of highly toxic and
non-specific agents still eventually exposes the
entire body to the effects of the drug that can
lead to severe systemic side effects.

TUMOR-SPEAHC
SCLUTION

To gain maximum effectiveness and
safety, tumors must be treated with an agent
that only affects diseased tissue. Intralesional
delivery of tumor-specific agent can further
potentate the efficacy and provide an
additional margin of safety. Provectus
Pharmaceuticals, Inc. has developed a suite of
compounds whose effects are dmost
completely confined to diseased tissue. Even
though the company'sinitial preclinical studies
have shown that the agents can be effective by
delivery we have, it has chosen to maximize
the chance of success by using the agents
initially viaintralesiona ddlivery. Further,
because the mechanism of targeting to only
diseased tissue is known, Provectus can rapidly
screen pre-existing compounds with known
human safety profiles and determine which
ones will specifically target only diseased
tissue. Even though the company has a suite of
anew drugs® that only target diseased tissue, to
get aproduct to market rapidly, it has chosen
to advance a pre-existing compound (PV-10)
for avariety of applications, including
intralesional treatment of cutaneous melanoma,
breast carcinoma, and liver tumors. Choice of
these applications was determined by sorting
through a number of medical and technical
reasons, market forces, and regulatory issues.
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are routinely cured (5/5).

Chemoablation of a liver tumor in a mouse model using ethanol via intralesional
delivery is ineffective in resolving the tumors and cures no mice (0/5). More
damage is done to surrounding normal tissue than to diseased tissue. In contrast,
the effects of PV-10 are confined to tumor tissue. Small wounds seen in PV-10-
treated mice resolve, and the treated area is difficult to discern later. All mice

MECHANI SM OF TUMOR
SPEAHATY

PV-10 (Rose Bengal) when in the right
solvent and conditions will confine its
antitumor effects amost exclusively to cancer
tissue. PV-10 has as a high solubility in water
(approximately 10% w/v). However, when
formulated as a solution with injectable saline
as the diluent, PV-10 will partition out of the
saline into a hydrophobic environment. And
the intracellular conditions in tumor tissue are
ideal for this. The intratumoral environment
usualy is acidic compared to surrounding
normal tissue (eg, pH 6.4 to 6-7 compared to
7.2t0 7.4). Therefore, PV-10, when given
systemically, will remain selectively localized
in tumor tissue. When PV-10 is given
intralesionally, it and its antitumor effects are
confined to the tumor. Any drug that doesn't

associate with tumor cells is cleared from the
norma tissue. PV-10 is rapidly eliminated
from normal tissue (30-minute half-life when
injected intravenoudly, and 7-hour half-life as
an intramuscular depot).

Further, PV-10 only partitions into the
membranes of cancer and other diseased
cells, thus confining its effects to these cells
at the cellular level (Figure 1). The
conditions that exist in the diseased cells that
allow PV-10 to selectively enter them are not
fully known. However, among other
alterations, the membrane fluidity is higher,
which is advantageous for partitioning of
PV-10 into the membrane. Additionally, in
many cancer cells, the receptor density of
many receptorsis elevated (eg, lipoprotein
receptors). PV-10 may also take advantage of
receptor-mediated processes like lipoprotein
receptors to enter the cell. PV-10 would then
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be transported to the lysosomes along with
complex hydrophobic molecules with which
it is associated.

At the subcellular level, PV-10 exertsits
effects by stimulating a natural process
through which cells normally commit
asuicide® Lysosomes that contain degrative
enzymes are an important part of the cellular
process that resultsin cell death. Release of
lysosomal contentsis an early step in the
pathway. The composition of the lipids (highly
fluid) in the lysosomal membrane isideal for
partitioning of PV-10 into the membrane.
Further, the intralysosomal environment is
very acid (pH 4.0), which makes the
environment ideal for PV-10. Once associated
with diseased cells, PV-10 disrupts the
integrity of lysosoma membranes. The
lysosomes rupture or leak, releasing their
contents in a process that mimics the normal
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cascade of events that occurs when cells
undergo apoptosis. Therefore, cell death is
not like that produced by atoxic agent but
more like the normal cell 2suicide® process.
Further, PV-10 doesn't enter the nucleus or
work by damaging genetic material. PV-10
isn't carcinogenic, mutagenic, or likely to be
teratogenic, especially when delivered by an
intralesional route. Therefore, the possibility
is remote for long-term sequalae of a second
tumor in contrast to that of most current
anticancer therapies.

PERFORMANCE
INVIVO

As shown in Table 1, a small volume
of PV-10 delivered intralesionally resultsin
resolution of all breast tumorsin a
|aboratory animal model. Figure 1 shows
that there is no apparent damage to
surrounding tissue. This has been
confirmed by histopathologic examination
of the effects on these tumors. As shown in
Figure 2, the tumors rapidly resolve, and
the treated animals have been held up to a
year with no return of tumors at the
primary or a remote site. For most tumor
models, one treatment results in cure of the
animals. However, on arare occasion due
to a defect in the technique of drug
delivery, a tumor may not be fully resolved.
Because there are virtually no side effects,
the tumor can be retreated. Thisisin stark
contrast to the use of many toxic
chemotherapy agents in which therapy has
to be halted due to systemic side effects,
often focused on the immune system, and
resulting in severe immunosuppression.

Currently PV-10 is being tested
inaPhase | clinical trial of Stage Il
melanoma patients treated by intralesional
delivery. The Phase | trial is primarily a
dose-escalation study for safety. However,
because the systemic safety profileis
known for this agent, the initial doses
are at anticipated efficacy levels, allowing
us to assess both safety and initial
effectivenessin Phase I. A similar Phase |
clinical trial on breast cancer patientsis
being performed at efficacy levels.

To date, early results from these trials

are similar to the results observed in
tumors in experimental animals and with
spontaneous tumors in animals. No severe
local or systemic adverse events have been
reported, and complete ablation of tumors
has been observed.

In conclusion, where previous
attempts at using highly toxic
chemotherapy agents have had little
success and the effects were not too
dissimilar from using a highly concentrated
acid, the key to success using intralesional
delivery isto combine the method with an
agent like PV-10 whose effects are
confined to diseased cells. Laboratory
studies using tumor models and treatment
of spontaneous tumors have validated this
approach, while early response in human
clinical trialsis similar to that of the
preclinical animal studies. Clinical trials
are continuing in melanoma and breast
carcinoma, and are expected to begin
soon for liver cancer.
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