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Introduction

Poly-1CLC is an experimentd biologicad response modifier that has shown encouraging activity
againg brain tumors in apilot trid severd years ago, and has recently entered into multicenter phase Il
clinicd tridsfor paientswith maignart gliomas. While initidly developed as an interferon inducer,
poly-1CLC dso has much broader biologica effects in man, including specific antivird and antitumor
actions. Here, we briefly summarize the background and current knowledge of this compound in the
experimenta treatment of brain tumors.

Background
Over 40 years ago | saacs and Lindeman discovered a substance produced by virdly infected cells

that interfered with further vird growth. They named it interferon (IFN), and it caused much excitement
in the medica scientific community because of its thergpeutic promise. The immunity established by
interferons came to be known as immediate, non-specific, or innate immunity. Thisisin contrast to the
dower onset but longer-term  and more specific protection provided by antibodies and immune cells.
Various forms of interferon were identified in many species, and it was subsequently shown that the
interferons also had activity againg certain tumors. However, interferons were very difficult and
expensive to produce, and were not generdly available. It was subsequently found that a number of
compounds could induce cdlls to make their own interferon. Among the most potent of these were the
double-stranded ribonucleic acids (dsSRNA) , and in particular, the synthetic dsSRNA poly-1C , which
consgs of apair of strands of poly-inasinic and poly-cytidylic acids. Interferon inducers such as poly-1C
were thusinitialy seen asaway of resolving the problems posed by the shortage of interferon. DsRNAS
are not normaly found in mammalian cells, but they are the basic genetic materia of some viruses and
can aso be aby-product of some vird infections. Thismay hep explain ther activity in Simulating some
of the body’ s basic host defenses.

Man Poly-IC itsdf proved to be ineffective in primates because it israpidly inactivated by naturd
enzymesintheblood. However, some 30 years ago, Dr. Hilton Levy at the NIH discovered how to
gabilized poly-1C with poly-lysne. The resulting compound, Poly-ICLC, isavery stable dsSRNA that is
a potent interferon inducer in man. Early, short term, high dose cancer trids showed that high dose Poly-
ICLC could induce very large amounts of interferon production in man, but with only modest thergpeutic
effects and moderate transient toxicity. 1ts use was then generdly abandoned when interferons became
widdy available through the new recombinant DNA technologies.

However, it has since become apparent that low dose Poly-ICLC isamore potent activator of a
variety of hogt defense mechaniams that go well beyond smple induction of interferons. These include
much broader immune stimulation, gene regulatory and specific antivird, and anticancer effects, with little
or no toxicity. Certain of these criticd effects are inhibited at the higher doses of Poly-1CLC used in early
clinica cancer tridsand it is now beieved that these effects may be more important dinicaly than
previoudy thought. This may help explain the inconsstent results of the early dinica trids with high dose
Poly-ICLC. Theactivity of poly-ICLC and interferons againgt both certain viruses and certain cancers
as0 serves to remind us how the body’ s basic defenses can cut across traditiond disease classifications.



M echanism of Action of Poly-ICLC

Thereare a least four interrelated clinica actions of poly-ICLC, any of which (alone or in combination)
might be responsible for its antitumor and antivird activity. These are 1) itsinduction of interferons, 2) its
broad immune enhancing effect; 3) its activation of pecific enzymes, especidly oligoadenylate synthetase
(OAYS) and the p68 protein kinase (PKR); and 4) its broad gene regulatory actions.

Interferon Induction  While induction of interferon is one of the important mechanisms for the action of
poly-ICLC, interferons done have been disgppointing as clinica trestments for brain tumors. In
addition, the levels of serum interferon induced by low dose Poly-1CLC are themsdves rdaively low
and have not in the past been associated with antivird or antitumor action.

Immune modulation Low dose Poly-1CLC aso has a direct immune-enhancing action independent of
IFN, including, activation of white blood cdls such as T-cdll s, naturd killer cdlls, and, dendritic cdls,
release of cytokines such asinterferons, interleukins (IL2, IL6), corticosteroids, and tumor necrosis
factor (TNF). It also has a potent vaccine-boosting or adjuvant effect, with increased antibody response
to antigen. (Levy and Bever 1988) The immunostimulatory effects of Poly-1CLC and the interferons are
complex. However, preiminary laboratory resultsin apilot sudy in brain tumor patients showed no
clear relationship between tumor response and measurable serum interferon, TNF, IL2, IL6, or
neopterin. (Sdazar, Levy et d. 1996) The adjuvant effect of poly-ICLC has aso been demongrated in
severd sysems. For example, administration of low doses of poly-ICLC dong with swineflu
vaccination in monkeys dramatically accel erates and increases antibody production (Stephen, Hilmas et
al. 1977). The complex interactions of the dSRNAs and the interferonsin thisregard are ill incompletely
understood, yet this seemingly paradoxica dud role of poly-ICLC asan antivira agent and immune
enhancer is congstent with its function in establishing an immediate defense system againgt vird attack
while a the same time permitting the establishment of long term immunity.

“Cataytic’ Action of Poly-ICLC

Thethird action of Poly-ICLC isamore direct antivird and antitumor effect mediated by &t least two
interferon-inducible nuclear enzyme systems, the 2'5' oligoadenylate synthetase (OAS) and the P68
protein kinase (PKR). (Katze 1992),(Jacobs and Langland 1996). DSRNAs such as Poly-IC catalyze
the interferon induced antiviral satein cdls by functioning as obligatory cofactorsfor OAS, which
activates ribonuclease-L, aswell asfor the PKR, which inhibits initiation of protein synthesis. This may
help explain the demongtrated preferentia decrease of tumor protein synthesisin vivo by poly-1CLC.
The OAS and PKR are very sengtive to dsRNA dose and structure (Minks, West et a. 1979) For
example, smple, long-chain dsSRNA (asin poly-1CLC) isthe most potent stimulator of OAS and PKR,
while mismatched or irregular dsRNA can be inhibitory. Similarly, the PKR has both high and low
afinity binding stes and isinhibited by too high adose of dSRNA. (Galabru, Katze et a. 1989)
Clinicdly, the OAS response is dso maxima at adose of about 30 meg/kg Poly-ICLC, and ismuch
diminished above 100 meg/kg (M. Kende, N. Bernton, et d., Unpublished).

Theinhibition of gliomacdls by poly-1C and by interferon betaiis dso sgnificantly associated
with activation of both the OAS and PKR. (Chacko, Xiuye et d. 2002) Others have demongtrated that
expression of afunctionaly defective mutant of the PKR results in maignant transformation in vitro,
suggesting an important role for this enzyme in suppression of tumors. (Koromilas, Roy et a. 1992) Both
PKR and poly-1C are now known to regulate the p53 tumor suppressor gene, which induces tumor cell
death. (Cuddihy, Wong et d. 1999) P53 isin turn is associated with the multiple maignancy Li- Fraumeni
syndrome, which includes astrocytomas, sarcomas, lung, and breast cancers. Mediation of antitumor
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action by OAS and/or PKR activation could help further explain why the high doses of Poly-1CLC used
in early cancer trials were rdaively ineffective.

Many viruses, including but not limited to adenovirus, pox viruses (vaccinia), foot and mouth
virus, influenza, hepditis, poliovirus, herpes smplex, SV-40, reovirus, and the human immunodeficiency
virus (HIV) circumvent host defenses by down regulating OAS and/or PKR, and this effect can be
reversed in vitro by exogenous dsRNA. (Jacobs and Langland 1996) A block of either PKR and/or
OAS-mediated interferon action might aso explain the variable response to interferons seen in both vird
infections and cancer. Certain viruses aswell astumors such as maignant gliomas may usethisor a
smilar mechanism to circumvent host defenses and cause disease. Those diseases may thus be among
the prime targets for dinica Poly-1CLC therapy in aregimen that maximizes PKR activation.

Clinicd Gene Reguldion is afourth mechanism by which Poly-1CLC can modify the biologic response
and provide thergpeutic benefit. Plain poly-1C has been shown to up-regulate or down-regulate a broad
variety of over 270 genesin cdl culture (Geiss, Jn et d. 2001). Some of these genes play critica rolesin
the body’ s naturdl defenses againgt a variety of tumors and infections, and in controlling other cell
functions, including protein synthesis, programmed (apoptotic) cell death, cdl metabolism, cdlular
growth, the cytoskeleton and the extracel lular matrix. The thergpeutic implications of these actions are
condderable, but have yet to be fully understood.

Antivird Activity of Poly-1ICLC

A detalled discussion of the antivird actions of Poly-1CLC is beyond the scope of this outline,
However, there isacongderable literature describing the activity of poly-1CLC in abroad variety of
vird infections, including poxviruses such as vaccinia, hepatitis, influenza, herpesvirus, rabies, Japanese
encephditis, West Nile virus, ebolavirus, and the human immunodeficiency virus (HIV). (Levy and
Saazar 1992) For example, recent studies have shown strong protection by a single dose of poly-ICLC
for aslong as eight daysin amouse modd of smdlpox. Likewise, intranasa poly-ICLC can protect
mice for aslong as 3 weeks from an otherwise letha dose of influenzavirus.  This broad spectrum of
activity of poly-1CLC thus makes it a promising drug for containment of epidemics of certain new or
emerging viruses for which postive identification or vaccine may not be immediatdy available, such as
new grains of influenza, West Nile virus, or possbly SARS.

Clinical Pilot Studieswith Poly-ICL C in M alignant Brain Tumors

Progress in the trestment of malignant gliomas has been dow. Introduction of radiation thergpy a
generaion ago doubled median surviva to about 8-9 months for patients with glioblastomas, but
traditional chemotherapy has added only modestly to that. More aggressive combined chemotherapy
has not provided a clear benefit to balance the increased toxicity. More recently, temozolamide, with its
lowered toxicity, hasimproved qudityof life but only modestly improved surviva.  Biologicas such as
interferon have shown some promise, but have not lived up to origina expectations. A host of new-
generation, more targeted molecular thergpies are dso now under investigation. (Tremont- L ukats and
Gilbert 2003)

In arecent pilot tria a Walter Reed Army Medical Center, low dose Poly-1CLC (about 1-2 mg)
was given intramuscularly two to three times weekly for up to 56 months to 38 maignant brain tumor
patients who had alife expectancy of only 1-2 years. (Sdazar, Levy et d. 1996) Patients tolerated the
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regimen well, with little or no toxicity and a preserved qudity of life. Twenty of 30 adequately trested
patients (including al anaplastic astrocytoma petients) showed regresson or stabilization of tumor. Only
two of the 11 angplastic astrocytoma patients subsequently showed tumor recurrence while on Poly-
ICLC, and their median progression-free follow-up is over 6.5 years from diagnosis (range 2-13+
years). Median overdl| surviva isnow 8 years, in contrast to an expected surviva of 2 years on
conventiona chemothergpy. Median surviva for glioblastoma patients was 19 months, only one of that
group remains dive and well over 10 years from diagnosis. (Please see Tables 1 and 2 below) Two
additiond “compassionate use’ open protocols in over 150 patients with advanced recurrent brain
tumors have confirmed the safety of Poly-ICLC, done or combined with chemotherapy.

Mogt mdignant gliomas actudly represent a mixture of highly maignant tumor cdls and lower grade
or “benign” cellsthat nevertheless eventudly become malignant themsealves. Chemotherapy and radiation
therapy are generdly more effective againg rapidly dividing maignant cells, but are less 0 againg the
lower grade tumor dements. Based on information available to date, agents such as poly-ICLC may be
more effective in Sabilizing certain of these lower grade tumor eements and could thus be useful in
trestment of low grade tumors or in maintaining remisson after more aggressive chemotherapy or
radiotherapy in higher grade tumors. However encouraging these results may have been, these pilot trids
were not designed to definitively demondgtrate efficacy, and Poly-1CLC remains an experimental drug for
brain tumors.

Based on these data, the prestigious, multicenter North American Brain Tumor Consortium
(NABTC) is conducting and cosponsoring two separate Phase |1 open studies of Poly-1CLC in about
110 patients with either: 1) recurrent maignant angplastic astrocytoma, or 2) newly diagnosed, grade IV
glioblastoma.

Conclusions

The therapeutic expectationsraised in the medica —scientific community with the discovery of the
interferons some 40 years ago have so far been only partidly redized. Interferons are now in
widespread clinica use for such disparate conditions as certain cancers, certain vira infections, and
multiple sclerosis. However, much has aso been learned about the mechanisms by which certain other
viruses and cancers evade the natural host defenses mounted by the interferon system. 1t now appears
that some of these evasive mechanisms can be circumvented by trestment with dsRNAs such as poly-
ICLC. Experimenta agents such as Poly-1CLC can thus be expected to show activity in Stuationsin
which interferons are inactive or only margindly active. DSRNASs are now aso recognized to have
multiple biologica effects that go well beyond the interferons, including multiple gene regulation, and
activation of certain basic antivira and antitumor host defenses. The full dinica thergpeutic implications
of these findings, however, will only be eucidated through properly designed clinical trids.
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Tablel

Survivd of Mdignant Glioma Patients by Prognostic Class
Poly-1CLC Vs Hisorical Chemotherapy controls (29 patients)

Prognostic Median Surviva (months) Percent 2 yr. Surviva

Class P-ICLC Chemotherapy P-ICLC Chemotherapy
| 119 59 100% 76%
I 104t 37 - 68%
" 53 18 80% 5%
v 57t 11 - 15%
\ 19 9 33% 6%
VI 12 5 0 4%

= Prognostic class based on various risk factors, and reflecting surviva of 1578 patients participating
in three large chemothergpy trids (Curran, Scott et al. 1993), T N = only one PICLC patient in
groups!l and IV. (Updated from (Sadazar, Levy et d. 1996))

Table2
Percent Surviva of Mdignant Glioma Patients on Poly-ICLC
Survival GBM AA AA (pf)
12 patients 11 patients 11 patients
1lyr 92% (50%t) 100% 100%
2yr 50% 100% (50%t) 91%
3yr 25% (2.2%) 91% 82%
4yr 17% 91% 82%
5yr 8% 91% 73%
8yr 8% 82% 36%

GBM = glioblastoma, AA = anaplastic asirocytoma, pf = progression free surviva,
T = Expected surviva on standard trestment with or without chemotherapy.



