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Intfroduction

“Getting to Know Cancer” is an all-volunteer, public interest,
non-profit non-governmental organization focused on several
of the most challenging problems in cancer research. Most
recently, we initiated and led the Halifax Project, an ambitious
undertaking that involved 350 scientists and physicians from
31 countries around the globe. In that effort a taskforce
comprised of 12 teams of researchers worked for three years
(2012-2015) on the conceptual framework for a unique and
promising approach to prevent high-risk cancers, treat
refractory cancers and prevent disease relapse.

Essentially the taskforce leveraged our understanding of the molecular biology of the hallmarks of cancer
by combining the many targets that are emerging in precision medicine with the synergies predicted by
network pharmacology. Their goal was to identify as many high-priority, synergistic molecular targets as
possible along with complementary, low-toxicity protocols aimed at a “broad-spectrum” of important
molecular targets. This was not intended to replace existing cancer therapies, but rather to serve as a
design approach for a viable complement to traditional modes of prevention and treatment. That
groundbreaking work was published in special issue of Elsevier’s Seminars in Cancer Biology in December
2015 along with alandmark capstone paper that showed that the approach should be feasible from a safety
standpoint and relatively inexpensive to implement.

Given the individualized nature of many cancers, these targeted protocols will need to be tailored to the
cancer type and precisely formulated to match individual genetics. While targeted therapy and
personalized approaches to cancer are not new, the idea of reaching a broad-spectrum of targets is
typically not feasible due to the inherent toxicity that results with many approved cancer drugs. So, the
taskforce looked for evidence in the literature to support low-cost, non-toxic approaches that could be
used in combination with little risk. The challenge now is to rigorously assess and report on the merits of
this approach. Getting to Know Cancer plans to lead the “Broadspec” Clinical Trials, an incremental series
of case studies that will grow in scale if the approach demonstrates positive results.

Initially these trials will involve a prophylactic study for myelodysplastic syndrome (MDS) patients who are
at high risk of developing acute myeloid leukemia (AML) as well as therapeutic trials for advanced-stage
ovarian cancer patients, pancreatic cancer patients, and glioblastoma multiforme patients. To that end,
we are developing a network of licensed physicians with clinical experience treating patients diagnosed
with cancer (including oncologists and functional integrative medicine physicians) to treat, support and
advise cancer patients who take part in this research. If you are potentially interested in being involved in
this project, please read the remainder of this document for details, and thank you for considering this
opportunity. | do hope that you will choose to take part in this very important work.

Sincerely,

Leroy Lowe, PhD
President, Getting to Know Cancer

902-893-5362 tel.
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Background

The Halifax Project was initiated by Getting to Know Cancer in 2011 to solve two very important challenges
in cancer research. 350 scientists and physicians from 31 countries around the globe were involved in the
initiative; roughly half of them were focused on low-dose exposures to chemicals in the environment, while
the other half formed a taskforce that was focused on finding a better way to prevent high-risk cancers,
treat refractory cancers and prevent disease relapse.

Disease heterogeneity across many cancer types makes the treatment of most cancers particularly
challenging!. While some important therapeutic gains have been achieved using cytotoxics and individual
drugs aimed at single targets?, disease relapse® (caused by adaptive resistance), serious side effects, and
even treatment-related mortality* are issues that are still frequently encountered in the clinic. Moreover,
drug toxicities and multiple drug resistance issues have limited the efficacy of combination chemotherapy
and severely constrained the physician’s ability pursue more than just a handful of relevant targets in
refractory cancers®.

However, with rapid advances in our understanding of the hallmarks of cancer®, the taskforce set out to
leverage this knowledge by combining the many targets that are emerging in precision medicine research
with the synergies predicted by network pharmacology’?®. Network pharmacology differs from
conventional drugs by focusing on the fundamental importance of networks of interconnected biological
pathways in systemic disease and recognizing that many chemicals are capable of targeting numerous
proteins or networks involved in a disease’. Recognizing this complexity and harnessing potential synergies
is therefore a promising approach for many cancers. The goal of the taskforce focused on the development
of a design framework for a non-toxic, complementary “broad-spectrum” approach to prophylaxis and
therapy (i.e., one that could complement traditional modes of therapy). To accomplish this objective, the
taskforce was comprised of 11 cross-functional interdisciplinary teams and a utility team — as follows:

1. Genetic Instability 7. Deregulated Metabolism

2. Tumor Promoting Inflammation 8. Immune System Evasion

3. Sustained Proliferative Signaling 9. Angiogenesis

4. Evasion of Anti-growth Signaling 10. Tissue Invasion and Metastasis
5. Resistance to Apoptosis 11. Tumor Microenvironment

6. Replicative Immortality

Within their respective areas of specialty, the teams nominated a series of high-priority molecular targets
to improve patient outcomes in most cancer types. As well, they nominated corresponding low-toxicity
approaches to reach the selected targets. At the same time, a twelfth team carried out a cross-validation
activity to assess whether or not the chemicals selected by each of the teams had shown any contrary
evidence of pro-carcinogenic potential across the mechanisms in all of the hallmark areas.

Given the toxicity of many of the traditional modes of cancer therapy, the taskforce needed to identify
non-toxic, complementary constituents that could be combined without harm (to reach a broad-spectrum
of targets), because patient safety was established as a top priority. Consequently, the teams nominated
favored approaches that were least likely to cause harm or side effects (even when used in combination
with many other approaches) and many of the substances that were selected were natural products from
plants and foods (i.e., phytochemicals).
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This research was published in a special issue of Elsevier’s, Seminars in Cancer Biology (2015 Impact Factor:
9.955) in December 2015°%° along with an all-author taskforce synthesis/capstone paper that showed that
the approach should be feasible from a safety standpoint and relatively inexpensive to implement?:,

The Capability Gap

The practical challenge associated with implementing a complementary “broad-spectrum” approach to
prophylaxis and therapy is bridging the gap between what the disease biology suggests we need and the
restrictions that are inherent to the current system of cancer research and care.

Oncologists currently rely heavily on a small number of (older/legacy) cytotoxic therapies and a large
number of newer targeted therapies? to treat most cancer types. These drugs have all earned individual
approval following several stages of successful clinical trials in which the individual drugs are tested to the
brink of toxicity (for maximum dosage and effect) and to show efficacy against a particular cancer type.
Once adopted, genomic and proteomic laboratory data (from individual patient’s tumor specimens) may
then be used to identify therapeutic targets of relevance for the administration of these FDA-approved
agents (or targeted agents undergoing approved clinical trials) which serve as the basis of the most
commonly employed standard of care.

Although this approach is very rigorous, it has resulted in an inherent weakness that results in a capability
gap in the clinic. When intratumoral heterogeneity is high and multiple molecular targets are relevant,
there are practical limits to the number of targets pursued (due to the toxicity of these drug combinations).
Additionally, there are restrictions on clinical utilization of FDA-approved cancer drugs since these
therapies are typically only used for FDA-approved indications. This means the patient’s tumor must not
only demonstrate the relevant molecular target(s), it must also be the specific cancer cell type designated
in the FDA-approved indication. So there are instances where relevant molecular targets are identified but
FDA-approved combinations are not clinically available possible that will reach a broad enough range of
the known targets; and/or the therapies that are available are not approved for that cancer cell type (i.e.,
making such indications ineligible for payment by the payors). In these cases, clinicians must default to the
limited targeted therapies available combined with older cytotoxic therapies, even though well-recognized
disease relapse® (caused by adaptive resistance), serious side effects, and even treatment-related
mortality* can result.

In some instances, this criteria can be bypassed if a physician wants to use a targeted agent (off-label) for
another cancer type, but for funding reasons this is not common practice and occurs only 30 percent of
the time?2.

The Halifax Project taskforce that focused on this issue started with a thorough review and examination of
the disease biology and decided that the heterogeneity found in many cancers needed a better solution.
The idea they articulated is powerful in that it builds on what we have learned from combination
chemotherapy, which has shown us that mechanistic synergies are helpful. So focusing on a broad-
spectrum of targets (especially in cancers that consist of many varied subpopulations of immortalized cells)
is a rational clinical methodology for therapeutic implementation.

However, it does not necessarily follow that every therapeutic molecule with potential to reach a particular
target must first be able to show clinical efficacy when tested on its own against a particular cancer type
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(which is currently the format for clinical trials of cancer drugs). Indeed, the actions of these chemicals on
certain targets (tested on their own) may never be powerful enough to meet the standards that we have
established for approving individual cancer therapies. It is true that an isolated action of a chemical on
certain targets in some cancers may be adequate to slow or stop cancer (this is the basis of modern
targeted therapy). However, an isolated action on other targets of relevance may still be important if our
goal is to act on many different subpopulations of cells in many different ways. There are many overlapping
pathways and networks of signaling in cancerous cells so some targets may simply not be adequate on
their own to have a meaningful therapeutic impact against that cancer. The point of focusing on a broad-
spectrum of targets is to address this issue, so when the actions of many chemicals aimed at many targets
are combined, we should anticipate an impact that is greater than that which would be produced by any
single chemical acting on any single target, site, or mechanism.

In other words, when we create a prioritized list of rational molecular targets for a given cancer, not all
targets will be equally important, and acting on one of them alone may never produce the kinds of results
we need. But if we combine two or more chemicals that are aimed at two or more rational targets in a
given cancer, and we rely on dose-levels that are non-toxic, we may exert significant anti-cancer effects.
The accumulation of mechanistic actions by those chemicals may still produce important anti-cancer
outcomes that are greater than combined actions on any single target (due to synergistic effects).

This approach makes perfect sense as an engineered solution (i.e., given what we now know about the
disease biology), but the idea of using chemicals and biological targets that have not been individually
proven in clinical trials for a specific cancer type, is not the manner in which individual chemicals are
currently approved for use as cancer therapies.

The Current Situation

As it stands, there is at least one promising model of combination therapy for an advanced cancer that
makes use of repurposed pharmaceuticals aimed at several molecular targets?®. CUSP9 is a treatment
protocol for recurrent glioblastoma that uses several repurposed pharmaceuticals (all widely approved by
regulatory authorities and marketed for non-cancer indications). Each drugis known to inhibit one or more
important growth-enhancing pathways used by glioblastoma, so the combination is intended to
complement temozolomide (the cytotoxic drug used in primary glioblastoma treatment) and make
treatment more effective.

Natural health products (NHPs) are also being used to support cancer therapy but not with the same sort
of sophistication. Many of the drugs approved for cancer therapy by the US Food and Drug Administration
(FDA) are derived from plants, including taxanes (e.g., paclitaxel) and vinca alkaloids (e.g., vinblastine). In
fact, of the 98 new small-molecule anticancer drugs that were approved by the FDA between 1981 and
2010, only 20 were synthetic; the remaining 78 were either natural products (11/78) or derived from
natural products (67/78)*. However, the lack of patentability of many natural products makes funding for
clinical trials particularly challenging.

Without the monopoly protection of a patent, most manufacturers do not have enough margin and sales
volume to warrant the support for clinical trials. Historically some funding for trials of individual natural
products has come from the National Center for Complementary and Integrative Health (NCCIH), the
American Society of Clinical Oncology (ASCO), and from individual cancer foundations®. Trials using single-
agent interventions with common dietary supplements have failed to produce the kinds of outcomes
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needed, but evidence continues to accumulate that supports the mechanistic potential of many NHPs and
their potential relevance for cancer, so combinations of NHPs are still a promising way forward?®?. There
are many instances of promising phase 2 trials, but these trials are often not followed up by phase 3 trials,
which is likely because the manufacturers see positive phase 2 trial outcomes as being sufficient for product
promotion (without having to fund a randomized, placebo-controlled phase 3 trial)?>. As a result the FDA
has not yet approved any dietary supplement or food to prevent cancer, halt the growth of cancer, or
prevent cancer recurrence?.

The formal use of NHPs in conjunction with conventional treatment is referred to as integrative oncology?
and there are many practitioners in this category. In general, the most common integrative oncology
modality of interest to cancer patients relates to NHPs as complementary therapeutics to arrest their
cancer?. However, the evidence base is much stronger for the treatment of cancer-related symptoms
(e.g., acupuncture for nausea, exercise for sleep, anxiety etc.), so in many clinics the patient’s interests are
often not aligned with the complementary support that is available?®. Also, even though integrative
oncology programs in many clinics now offer nutritional counseling, meditation, lifestyle alterations,
reflexology, acupuncture, homeopathy, etc. (to support cancer patients and improve outcomes), the
scientific evidence supporting these complementary practices is not always strong, so even these practices
have had considerable critique3°-32,

Nonetheless, a recent survey of clinics in Washington State used data provided by oncology board certified
Fellows of the American Board of Naturopathic Oncology to show that more than 72 oral or topical,
nutritional, botanical, fungal and bacterial-based medicines had been used during the first year of care of
the female breast cancer patients studied (n=324)3. This gives a sense of the number of NHPs used in the
clinic to complement conventional treatment, but how these supplements are selected and combined
varies considerably by practitioner. While physicians engaged in Integrative Medicine and Functional
Medicine are accustomed to treating patients diagnosed with cancer utilizing multiple NHP supplements
and (some) pharmaceutical medications, most physicians remain largely unfamiliar with cancer molecular
signaling pathways and networks (c.f Gray et al.?*), so their choices are not being guided by the best science
available.

Consequently, genomic and proteomic assessments are currently not being used to greatest anti-cancer
clinical potential, because typically only one high priority target is used and that is only when FDA approved
therapies exist for that particular target and that particular cancer type. This is not antagonistic criticism
of the way in which we approve individual cancer therapies. Rather it simply shows how our reliance on
individual therapies for specific cancer types is now out of step with our understanding of what we know
is needed to tackle the complexity of the disease biology found in many advanced cancers.

Despite these limitations, the use of NHPs among cancer patients is widespread, with 20-90% of them using
supplements - yet roughly half of them do not share this detail with their treating physician (because they
feel their physicians are not knowledgeable, or will be indifferent or negative toward their use)3>3®,
Recognizing that the majority of patients undergoing cancer therapy now use NHPs (many without
consulting their physician), the Clinical Practice Committee of The Society of Integrative Oncology, which
consists of leading researchers and clinicians who have experience in using supplements, recently
developed a list of useful supplements for physicians. They provided basic information, such as evidence
on effectiveness, clinical trials, adverse effects, and interactions with medications to give physicians and
other health care providers up-to-date information so they could discuss realistic expectations, potential
benefits and risks associated with these supplements. The list included curcumin, glutamine, vitamin D,
maitake mushrooms, fish oil, green tea, milk thistle, astragalus, melatonin, and probiotics®’. However,
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while this is certainly important information to share, given that most patients and most physicians don’t
have a detailed understanding of cancer biology, it just doesn’t move us far enough in the right direction
to capitalize on the therapeutic potential that a broad-spectrum methodology should be able to deliver.

In some ways, it is ironic that we are at a juncture where our rigorous approach to developing the very best
individual therapies, is constraining our ability to approach treatment in the manner that is needed. Cancer
chemotherapy began with crude cytotoxic therapies and has evolved to targeted therapies (once we began
to understand the biology of the disease) and now the push is towards precision medicine, which uses
more advanced diagnostics (e.g., next-generation sequencing technologies) to look for changes in tumor
DNA, RNA and proteins. This precision gives the clinician the ability to improve the selection of therapies
which target particular molecular abnormalities®, which is an appealing concept in principal but it is
particularly difficult to implement in advanced cancer.

For example, in metastatic breast cancer, the identification of driver mutational events is a major clinical
challenge. The field remains largely focused on single targets and once the canonical targets for a given
cancer (e.g. in this case ER, HER2, PIK3CA and AKT1) are exhausted, finding additional oncogenic “drivers”
is difficult®®. This is a profound challenge that we face in most advanced cancers. The Halifax Project
taskforce that focused on this problem envisioned that we could solve this issue by using a wide range of
targets that are key to disabling the mechanisms of the hallmarks of cancer. This takes the emphasis away
from finding oncogenic drivers and instead focuses on key events that could disrupt the many inter-related
networks and signaling pathways that enable all aspects of cellular immortalization. So we have a
conceptual approach to solve the problem, but how do we now reach many targets simultaneously (when
we have a limited set of individual therapies approved for cancer treatment in any given cancer type)?

The solution that was articulated in the Halifax Project suggests a focus on NHPs, repurposed
pharmaceuticals, and other chemicals that are readily available, well tolerated and known to have the sort
of mechanistic anti-cancer potential that is needed for the targets which are relevant in any given cancer
type. This sort of a broad-spectrum methodology would better exploit genomic and proteomic assessments
because clinicians could aim to reach a much greater number of relevant targets simultaneously. On an
individual case-by-case basis, this will involve the identification and selection of relevant therapeutic
targets and options (i.e., relevant re-purposed pharmaceuticals and NHPs that have potential to reach the
targets that are relevant for a given cancer) and it would be constrained by the practical availability of the
various pharmaceuticals and NHPs of interest.

The heterogeneity that exists in most advanced cancers outstrips the capabilities of many approved
therapies, so it demands a much more robust therapeutic solution and this is a problem of significant
proportions. Yet the development of this sort of a protocol is simply not going to be possible in most clinics
without expert support because most physicians do not have the training to understand how NHPs and
repurposed pharmaceuticals might be used to reach important molecular targets. Some oncologists might
have the requisite knowledge but most will not be willing and/or able (due to medical-legal restrictions) to
implement therapeutic options beyond the existing standard-of-care. By contrast, there are functional and
integrative medicine physicians who would be willing and able to implement multi-agent therapeutics
aimed at a broad-spectrum of targets (i.e., in support of, and in addition to, conventional FDA-approved
cancer treatments), but most will not have the knowledge to develop such a protocol.

For this reason, the Broadspec project has been initiated. Our goal is to demonstrate that the use of a

broad-spectrum method will produce unique protocols for each cancer patient that will improve their
overall chance of achieving cancer control and remission, significantly improve their quality of life and
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significantly extend their duration of survival (compared to similar patients undergoing only conventional
therapy and not supported by this method). This possibility is well-supported conceptually but it has not
yet been demonstrated in systematic clinical research.

To that end, we intend to organize and assist functional integrative medicine physicians who are willing
and able to implement multi-agent therapeutics in addition to, conventional FDA-approved cancer
treatments administered by patients’” medical oncologists and radiation oncologists. This will bring rigor
to the manner in which repurposed pharmaceuticals and NHP supplements are administered to cancer
patients in their practice, because we will help these physicians develop safe, personalized, broad-
spectrum precision medicine protocols optimally designed for their individual patients. Initially, this
assistance will be offered to a very small number of physicians who are treating or supporting cancer
patients across several cancer types. As positive outcomes in these individual case-studies are
demonstrated, a greater number of cases will be considered.

Cancer Types

We have identified four cancer types for the Broadspec project that will be supported in initial case studies.
This effort will involve expert support and guidance (in the development of broad-spectrum support
protocols) for physicians who are treating (1) myelodysplastic syndrome patients who are at high risk of
developing acute myeloid leukemia (AML); (2) advanced-stage ovarian cancer patients; (3) advanced-stage
pancreatic cancer patients; and (4) glioblastoma multiforme patients.

Each of these cancer types is explained in a bit more detail below:

MDS patients at high risk of developing AML

Myelodysplastic syndromes are a heterogeneous group of clonal stem cell disorders with an inherent
tendency for leukemic transformation. High and Very High risk MDS patients (defined by the International
Prognostic Scoring System), compromise a third of MDS patients® and have a median survival of 1.6 and
0.8 years, respectively?®.,

Currently Food and Drug administration (FDA)-approved drugs for the treatment of MDS are not curative
and their effect on survival is limited. These medications include the hypomethylating agents azacitidine
and decitabine and also lenalidomide (for MDS with isolated del(5q)). To date, allogeneic stem cell
transplant remains the only treatment option for possible cure??, but many patients are not eligible for
transplantation due to advanced age, or associated co-morbidities*3.

About one-third of patients with MDS progress to MDS-related acute myeloid leukemia (secondary AML),
an aggressive stem cell malignancy characterized by >20 % bone marrow (BM) blasts*. The remaining two-
thirds normally succumb to progressive bone marrow failure which leads to bleeding (due to low platelet
counts), recurrent infections (due to low white blood cells), and severe anemia (which requires regular
transfusions and causes iron accumulation and toxicity)**. For MDS patients who do progress to secondary
AML, the outcome is generally grave. Cytotoxic chemotherapy has been the most common form of
treatment for the past 20 years so clinical outcome remains poor for the majority of patients®. Indeed,
most patients are resistant to treatment and the long-term survival rate of treated patients is <10%*.
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So a broad-spectrum prophylactic intervention that could prevent a transition to secondary AML in MDS
patients would be a welcomed advance. Moreover, other targets of relevance in myelopoiesis have been
identified which has spurred the development of agents for MDS (e.g., immunomodulatory agents,
immunosuppressive  therapies, survival signal inhibitors, thrombopoiesis-stimulating agents,
pharmacologic differentiators, and anti-angiogenic and apoptotic agents)***” so there are many additional
targets that could also be incorporated in a broad-spectrum protocol developed specifically for MDS
patients.

Advanced-stage ovarian cancer

Advanced stage ovarian cancer is a disease with a high relapse rate. People with ovarian cancer can be
largely asymptomatic in early stages, so more than 75% of patients are diagnosed in an advanced stage of
disease (International Federation of Gynecology and Obstetrics stages Il1-IV)*. Surgery and chemotherapy
(using taxanes and platinum compounds) can reduce tumor burden and extend survival times, but
recurrence rates are higher than 80% in advanced stage patients®. Platinum-resistant ovarian cancer can
be treated with cytotoxic chemotherapy (e.g., paclitaxel, topotecan, pegylated liposomal doxorubicin, and
gemcitabine)®, but there are no curative treatment options for refractory forms of the disease® so the
median survival time of patients with advanced stage disease is 65 months®°.

A significant number of studies have provided insights into the molecular pathogenesis of this cancer,
which can now be divided into four-groupings: i) high-grade serous carcinomas; ii) endometriosis-related
tumors that include endometrioid, clear cell, and seromucinous carcinomas; iii) low grade serous
carcinomas; and iv) mucinous carcinomas and malignant Brenner tumors®2, As a result, a good number
of rational targets have been identified>**” and targeted therapies have shown promising results in ovarian
cancer clinical trials, including treatments targeting the vascular endothelial growth factor pathway (e.g.,
bevacizumab and aflibercept), DNA repair mechanisms (e.g., iniparib and olaparib), and folate-related
pathways (e.g., pemetrexed, farletuzumab, and vintafolide)*. So there is a shift in focus to treatments
that are more subtype-specific and a belief that more robust combinations of selected actions on relevant
targets (in concert with taxanes) may prove to be more effective®®, making this a cancer that might benefit
from a broad-spectrum methodology.

Advanced-stage pancreatic cancer

Pancreatic cancer is the third leading cause of cancer-associated deaths in the United States®®. In the USA
alone, approximately 53,670 people will be diagnosed with pancreatic cancer and nearly 43,090 will die
from the disease in 2017%°. Surgical resection is usually the only chance of a cure for pancreatic cancer
but given that the disease is often diagnosed in late stages, only 15%—20% of patients with pancreatic
cancer are eligible for surgical resection®?, and the cancer frequently recurs even after complete surgical
resection®?. Consequently, the median overall survival for pancreatic patients is just 2—8 months, with a
five-year survival rate of 7.7%"°.

Over the past few decades, the standard drugs for pancreatic cancer were 5-fluorouracil (5-FU) and
gemcitabine®. Historically the success rate of 5-FU was <20% but gemcitabine offered marginally better
results so it is now prescribed for the patients suffering from locally advanced (stage Il or stage lll) or
metastatic (stage IV) pancreatic cancer®. Recently, first-line therapy with gemcitabine plus nab-paclitaxel
or a regimen of fluorouracil, leucovorin, irinotecan, and oxaliplatin (FOLFIRINOX) has increased the median
overall survival to 8.5 months and 11 months, respectively, in patients with metastatic pancreatic cancer.

- 10 -
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This is compared to an overall survival of only 6 months prior to 20115 and the sequencing of the two
regimens mentioned above has improved median overall survival to 18 months®.

Although there are multiple subtypes, the most common tumor type among pancreatic cancers is
pancreatic ductal adenocarcinoma (PDAC) and the emerging molecular taxonomy of PDAC supported by
next generation sequencing analyses is creating new opportunities to personalize therapeutic
approaches®. However, the translation of treatment based on multiple unique targets is presenting
considerable challenges in the clinic®’. The results from genomic testing can take several weeks (causing
unacceptable treatment delays), biopsies are not always possible, and patients are not always strong
enough for this approach using existing therapies®’.

Molecular targeted therapy has been extensively evaluated in pancreatic adenocarcinoma, but with very
little improvement to survival®®. Prospective randomized trials of irinotecan encapsulated in liposomal-
based nanoparticles and other combination regimens have resulted in some improvement to patients'
outcome (as second-line therapy after disease progression) but durable responses are still rare®®. Most
recently, pegylated recombinant human hyaluronidase (PEGPH20), a novel agent that degrades hyaluronic
acid (a major component of the extracellular matrix), has been used to target the tumor stroma. This
approach has shown some promise in clinical trials and Phase 2 and 3 trials of PEGPH20 plus chemotherapy
are ongoing (with outcomes eagerly anticipated)’®.

At the same time, many NHPs have been tested in experiments designed to support conventional
approaches to therapy in pancreatic, and several have been credited with improving the immune system,
suppressing tumor progression, enhancing beneficial effects, and lessening adverse/side effects of
chemotherapy and radiotherapy’’. So, a more global integrative approach incorporating immunotherapy,
cytotoxic chemotherapy and NHPs should have a greater potential for efficacy and also provide support
for other treatment-related effects as well.

Glioblastoma multiforme

Glioblastoma multiforme (GBM) is the most malignant primary brain tumor in adults and the most common
astrocytoma and classified as World Health Organization grade IV. Each year, about 5-6 cases out of
100,000 people are diagnosed with primary malignant brain tumors, of which 80% are malignant gliomas,
and half are GBM’2. GBM is highly malignant and typically accompanied by extensive infiltration into the
surrounding tissue. GBM often infiltrates the brain in ways that limit the potential effectiveness of surgical
resection. Surgery is typically followed by a combination of radiotherapy with concurrent and adjuvant
chemotherapy (i.e., temozolomide)’®, but median survival is only about 15 months’2.

Progress over the past decade has revealed many complex genetic alterations and genomic profiles
(epigenetic and genetic alterations as well as gene/protein expression profiles) in primary and secondary
tumors and in the tumor microenvironment. This has led to the first molecular/genetic classification of the
disease and four well-defined genomic subtypes of GBM (i.e., classic, mesenchymal, proneural, and
neural)’®. So several targeted therapies have been evaluated in clinical trials, but to date, only a single anti-
angiogenic agent (bevacizumab) has been approved for the treatment of recurrent GBM in the United
States and Canada’.

Consequently, with their rapid diffusion, infiltrative growth and high level of cellular heterogeneity, GBM,
is one of the most refractory and lethal human cancers’®’8, A broad-spectrum methodology would allow
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us to leverage our knowledge of the many potential targets that appear to exist in these complex cancers
and give us a much better chance of addressing this heterogeneity.

The Broadspec Project

The first step taken towards the initiation of the Broadspec project was the formation of an esteemed
advisory board with expertise spanning the various aspects of the project that is envisioned. As a result,
the current advisory board has experts in the molecular biology of the four types of advanced cancers
mentioned, experts in cancer biology, and experts who have extensive clinical experience using NHPs and
repurposed pharmaceuticals. The advisory board will therefore serve a key role as they will help steer this
project forward. In addition, the following sections provide an overview of the planned approach for the
Broadspec Project.

Ethics

One of the biggest challenges in this project will be the challenge of getting ethics board approval for a
series of case-studies using a common methodology that utilizes varying combinations of therapeutics (as
opposed to a single therapeutic regimen for a single cancer type).

Historically, cancer therapeutics have been tested one at a time for individual efficacy before considering
these an individual therapy as a potential constituent for a combination chemotherapy regimen. Also,
because of toxicity constraints, combinations of substances have almost always consisted of a very limited
number of chemicals. As well, cancer types in clinical trials are often defined by cell type. They are
sometimes further characterized by cancer stage, and occasionally refined further by dominant form of an
important genetic mutation (e.g., ER-positive). So a broad-spectrum methodology (which is based on our
current understanding of disease biology) will challenge several of these norms.

For example, we will focus on cancers that are defined by cell-type and cancer stage, but the genetic and
proteomic information that will be gathered in each individual case will result in a substantial list of
potential targets that will be unique to that particular patient. As the hallmarks of cancer disease
framework suggests, some of these targets will be tumor specific while other relevant targets are found in
related systems and the tumor microenvironment (involving processes such as inflammation, angiogenesis,
immune-evasion, tissue invasion and metastasis, etc.). As such, there will be a long roster of potential
therapeutics to be considered (i.e., repurposed pharmaceuticals and NHPs which might have the potential
to reach these targets).

These agents can be identified in the literature but the criteria by which they are chosen will need to be
carefully defined. The standard of evidence for potential actions by an agent, combined with issues related
to practical availability, and details on safety and tolerance, will all be critically important. This will result
in unique combinations of dozens of common agents being combined to produce a personalized protocol
for each patient. Each constituent that is selected will therefore need to have a very broad therapeutic
index, and these constituents will need to be introduced individually and incrementally in the clinic (such
that the number of agents being used in combination increases over time) with close monitoring by a
physician to assess tolerance and quickly identify any adverse effects.

This idea of a personalized protocol of agents aimed at a broad-spectrum of targets represents a
fundamental and paradigmatic shift (in comparison to single chemicals or static combinations that are put
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forward for general purpose use across a broad base of patients with the same cancer type). This approach
recognizes that addressing the heterogeneity in most advances cancers is going to take more than a
predictable action on a few key driver mechanisms. It also recognizes that some agents that have the
potential to exert an action on a specific mechanism of relevance may not be potent enough to gain
approval as an individual therapy but still serve a valuable support role in a combination approach.

Currently, Ethics Boards do not typically favor great numbers of chemicals in combination for cancer
therapy, but the current situation is unsatisfactory. On the one hand, we have oncologists who understand
the disease biology but ignore the potential value of additional actions and synergies that could be
produced by complementary agents (because these agents have not been individually proven or approved
as cancer therapies). Yet 20-90% of patients are using NHPs anyway (many of whom are not sharing this
detail with their treating physician)®*>3® and other physicians are supporting cancer patients with
repurposed pharmaceuticals and NHPs without a thorough knowledge of disease biology. So the false wall
that currently divides these practitioners is truly a fiction that should not be allowed to stand. It serves
only as an impediment to a practice of supplementation that is already being widely employed.

What is now needed is a rigorous set of trials that can determine whether or not patients with advanced
cancers who are undergoing conventional forms of treatment would benefit from a personalized, broad-
spectrum protocol that has the potential to also act upon as many additional targets as possible. Currently
these patients are trying to supplement themselves (i.e., without physician support) or they are working
with physicians who are not using the best information available to make decisions related to the types of
constituents that might work best given the genetic makeup of the cancer. As a result, these ‘experiments’
are not based on the best science available, and the patient outcomes from these efforts are not peer-
reviewed or published. Our task is therefore to convince an Institutional Review Board that this situation
is untenable. We need to explain why the current situation demands a much more rigorous form of
systematized investigation.

The World Medical Association Declaration of Helsinki (Ethical Principles for Medical Research Involving
Human Subjects) 2013 contains a new provision that addresses these circumstances. With respect to
“Unproven Interventions in Clinical Practice”, clause 37 reads as follows:

37. In the treatment of an individual patient, where proven interventions do not exist or other
known interventions have been ineffective, the physician, after seeking expert advice, with informed
consent from the patient or a legally authorised representative, may use an unproven intervention if
in the physician’s judgement it offers hope of saving life, re-establishing health or alleviating
suffering. This intervention should subsequently be made the object of research, designed to
evaluate its safety and efficacy. In all cases, new information must be recorded and, where
appropriate, made publicly available.

So our goal is to create the sort of support that is needed to provide the expert advice that physicians will
need to offer protocols that are highly personalized to individual cancers using a rigorous, reproducible
method and to cooperate with those physicians such that the progress of these patients can be carefully
documented and the results published. Since every patient will have a tailored protocol, our goal will be
to produce a case-series that can capture these results over time.
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The Physician Network

The Broadspec project will use a project website at www.broadspec.org to generate visibility for this
initiative and we will recruit collaborating physicians for each of the four cancer types described above.
Since the project will get underway with a very small number of patients as initial cases, these physicians
will be hand selected and recruited based on their interest in the project and their clinical experience.

Provided the clinical results in the early cases are encouraging, a broader outreach will then be undertaken
and an “Expressions of Interest” page on the website will be used to help us further expand the number of
collaborative relationships that we have with physicians who can take advantage of these trials.

Project Funding

This project is not funded externally, so physicians who are interested in taking part in this project will not
receive compensation for their participation. However, collaborating physicians will receive individualized
case-related guidance, including recommendations and rationale for a personalized therapeutic protocol
and detailed guidance/advice for ongoing patient management (provided the physician has at least one
patient that meets the project criteria for inclusion). Collaborating physicians will be responsible for the
patient relationship, all clinical decisions, case documentation, and for sharing details of case management
and outcomes (i.e., when it comes to publishing the results).

At the same time, patients will need to pay the fees are normally levied by that particular physician for
treatment and also any costs related to the medications that are recommended or prescribed.

Project Outcomes

We are currently recruiting physicians who have experience treating and supporting patients with any of
the cancer types mentioned above. For those who are interested in the Broadspec Project, it is an
opportunity to be part of an important initiative that has the potential to be groundbreaking. These
cancers are incredibly challenging and complex, but our understanding of these diseases is advancing
quickly and we are rapidly gaining new knowledge so we believe that the timing is right for this unique
approach. With a strong advisory board and a solid network of knowledgeable clinicians/physicians
involved, we are confident that something truly extraordinary will result.

Expressions of Interest

If you are potentially interested in participating in the Broadspec Project, please submit an expression of
interest form online at http://www.broadspec.org/collaboration.php

References

1. Qian M, Wang DC, Chen H, Cheng Y. Detection of single cell heterogeneity in cancer. Seminars in
cell & developmental biology. 2016.

- 14 -

Br&adspec


http://www.broadspec.org/
http://www.broadspec.org/

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Palumbo MO, Kavan P, Miller WH, Jr., et al. Systemic cancer therapy: achievements and
challenges that lie ahead. Frontiers in pharmacology. 2013;4:57.

Vogelstein B, Papadopoulos N, Velculescu VE, Zhou S, Diaz LA, Jr., Kinzler KW. Cancer genome
landscapes. Science. 2013;339(6127):1546-1558.

Niraula S, Seruga B, Ocana A, et al. The price we pay for progress: a meta-analysis of harms of
newly approved anticancer drugs. J Clin Oncol. 2012;30(24):3012-3019.

Pritchard JR, Lauffenburger DA, Hemann MT. Understanding resistance to combination
chemotherapy. Drug Resist Updat. 2012;15(5-6):249-257.

Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell. 2011;144(5):646-674.
Poornima P, Kumar JD, Zhao Q, Blunder M, Efferth T. Network pharmacology of cancer: From
understanding of complex interactomes to the design of multi-target specific therapeutics from
nature. Pharmacological research : the official journal of the Italian Pharmacological Society.
2016;111:290-302.

Azmi AS. Adopting network pharmacology for cancer drug discovery. Current drug discovery
technologies. 2013;10(2):95-105.

Bishayee A, Block K. A broad-spectrum integrative design for cancer prevention and therapy: The
challenge ahead. Semin Cancer Biol. 2015;35 Suppl:S1-4.

Ferguson LR, Chen H, Collins AR, et al. Genomic instability in human cancer: Molecular insights
and opportunities for therapeutic attack and prevention through diet and nutrition. Semin Cancer
Biol. 2015;35 Suppl:S5-24.

Feitelson MA, Arzumanyan A, Kulathinal RJ, et al. Sustained proliferation in cancer: Mechanisms
and novel therapeutic targets. Semin Cancer Biol. 2015;35 Suppl:525-54.

Amin AR, Karpowicz PA, Carey TE, et al. Evasion of anti-growth signaling: A key step in
tumorigenesis and potential target for treatment and prophylaxis by natural compounds. Semin
Cancer Biol. 2015;35 Suppl:S55-77.

Mohammad RM, Mugbil I, Lowe L, et al. Broad targeting of resistance to apoptosis in cancer.
Semin Cancer Biol. 2015;35 Suppl:578-103.

Yaswen P, MacKenzie KL, Keith WN, et al. Therapeutic targeting of replicative immortality. Semin
Cancer Biol. 2015;35 Suppl:5104-128.

Hirschey MD, DeBerardinis RJ, Diehl AM, et al. Dysregulated metabolism contributes to
oncogenesis. Semin Cancer Biol. 2015;35 Suppl:S129-150.

Samadi AK, Bilsland A, Georgakilas AG, et al. A multi-targeted approach to suppress tumor-
promoting inflammation. Semin Cancer Biol. 2015;35 Suppl:S151-184.

Vinay DS, Ryan EP, Pawelec G, et al. Immune evasion in cancer: Mechanistic basis and therapeutic
strategies. Semin Cancer Biol. 2015;35 Suppl:S185-198.

Casey SC, Amedei A, Aquilano K, et al. Cancer prevention and therapy through the modulation of
the tumor microenvironment. Semin Cancer Biol. 2015;35 Suppl:$199-223.

Wang Z, Dabrosin C, Yin X, et al. Broad targeting of angiogenesis for cancer prevention and
therapy. Semin Cancer Biol. 2015;35 Suppl:S224-243.

Jiang WG, Sanders AJ, Katoh M, et al. Tissue invasion and metastasis: Molecular, biological and
clinical perspectives. Semin Cancer Biol. 2015;35 Suppl:S244-275.

Block KI, Gyllenhaal C, Lowe L, et al. Designing a broad-spectrum integrative approach for cancer
prevention and treatment. Semin Cancer Biol. 2015;35 Suppl:5276-304.

Conti RM, Bernstein AC, Villaflor VM, Schilsky RL, Rosenthal MB, Bach PB. Prevalence of off-label
use and spending in 2010 among patent-protected chemotherapies in a population-based cohort
of medical oncologists. J Clin Oncol. 2013;31(9):1134-1139.

- 15 -

Br&adspec



23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Kast RE, Karpel-Massler G, Halatsch ME. CUSP9* treatment protocol for recurrent glioblastoma:
aprepitant, artesunate, auranofin, captopril, celecoxib, disulfiram, itraconazole, ritonavir,
sertraline augmenting continuous low dose temozolomide. Oncotarget. 2014;5(18):8052-8082.
Newman DJ, Cragg GM. Natural products as sources of new drugs over the 30 years from 1981 to
2010. Journal of natural products. 2012;75(3):311-335.

Paller CJ, Denmeade SR, Carducci MA. Challenges of conducting clinical trials of natural products
to combat cancer. Clinical advances in hematology & oncology : H&O. 2016;14(6):447-455.
Shukla Y, George J. Combinatorial strategies employing nutraceuticals for cancer development.
Annals of the New York Academy of Sciences. 2011;1229:162-175.

Safe S, Kasiappan R. Natural Products as Mechanism-based Anticancer Agents: Sp Transcription
Factors as Targets. Phytotherapy research : PTR. 2016;30(11):1723-1732.

Shanmugam MK, Lee JH, Chai EZ, et al. Cancer prevention and therapy through the modulation of
transcription factors by bioactive natural compounds. Semin Cancer Biol. 2016;40-41:35-47.
Lopez G, McQuade J, Cohen L, et al. Integrative Oncology Physician Consultations at a
Comprehensive Cancer Center: Analysis of Demographic, Clinical and Patient Reported
Outcomes. Journal of Cancer. 2017;8(3):395-402.

Gorski DH. Integrative oncology: really the best of both worlds? Nat Rev Cancer. 2014;14(10).
Greenlee H, Zick SM, Rosenthal D, Cohen L, Cassileth B, Tripathy D. Integrative oncology - strong
science is needed for better patient care. Nat Rev Cancer. 2015;15(3):165.

Gorski DH. Integrative oncology - strong science is needed for better patient care. Nat Rev
Cancer. 2015;15(3):165.

Standish LJ, Dowd F, Sweet E, et al. Breast Cancer Integrative Oncology Care and Its Costs.
Integrative cancer therapies. 2016.

Gray SW, Hicks-Courant K, Cronin A, Rollins BJ, Weeks JC. Physicians' attitudes about multiplex
tumor genomic testing. J Clin Oncol. 2014;32(13):1317-1323.

Frenkel M, Sierpina V. The use of dietary supplements in oncology. Curr Oncol Rep.
2014;16(11):411.

Le TQ, Smith L, Harnett J. A systematic review - Biologically-based complementary medicine use
by people living with cancer - is a more clearly defined role for the pharmacist required? Res
Social Adm Pharm. 2016.

Frenkel M, Abrams DI, Ladas EJ, et al. Integrating dietary supplements into cancer care.
Integrative cancer therapies. 2013;12(5):369-384.

Abrams J, Conley B, Mooney M, et al. National Cancer Institute's Precision Medicine Initiatives for
the new National Clinical Trials Network. American Society of Clinical Oncology educational book
/ ASCO. American Society of Clinical Oncology. Meeting. 2014:71-76.

Arnedos M, Vicier C, Loi S, et al. Precision medicine for metastatic breast cancer--limitations and
solutions. Nature reviews. Clinical oncology. 2015;12(12):693-704.

Velasquez WS, Jagannath S, Tucker SL, et al. Risk classification as the basis for clinical staging of
diffuse large-cell ymphoma derived from 10-year survival data. Blood. 1989;74(2):551-557.
Navada SC, Silverman LR. Safety and efficacy of azacitidine in elderly patients with intermediate
to high-risk myelodysplastic syndromes. Ther Adv Hematol. 2017;8(1):21-27.

Gangat N, Patnaik MM, Tefferi A. Myelodysplastic syndromes: Contemporary review and how we
treat. American journal of hematology. 2016;91(1):76-89.

Yun S, Vincelette ND, Abraham I, Robertson KD, Fernandez-Zapico ME, Patnaik MM. Targeting
epigenetic pathways in acute myeloid leukemia and myelodysplastic syndrome: a systematic
review of hypomethylating agents trials. Clin Epigenetics. 2016;8:68.

- 16 -

Br&adspec



44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Shukron O, Vainstein V, Kundgen A, Germing U, Agur Z. Analyzing transformation of
myelodysplastic syndrome to secondary acute myeloid leukemia using a large patient database.
American journal of hematology. 2012;87(9):853-860.

Gallipoli P, Giotopoulos G, Huntly BJ. Epigenetic regulators as promising therapeutic targets in
acute myeloid leukemia. Ther Adv Hematol. 2015;6(3):103-119.

Melchert M, List A. Targeted therapies in myelodysplastic syndrome. Semin Hematol.
2008;45(1):31-38.

Bachegowda L, Gligich O, Mantzaris |, et al. Signal transduction inhibitors in treatment of
myelodysplastic syndromes. Journal of hematology & oncology. 2013;6:50.

Salani R, Backes FJ, Fung MF, et al. Posttreatment surveillance and diagnosis of recurrence in
women with gynecologic malignancies: Society of Gynecologic Oncologists recommendations.
Am J Obstet Gynecol. 2011;204(6):466-478.

Leamon CP, Lovejoy CD, Nguyen B. Patient selection and targeted treatment in the management
of platinum-resistant ovarian cancer. Pharmacogenomics and personalized medicine. 2013;6:113-
125.

Wefers C, Lambert LJ, Torensma R, Hato SV. Cellular immunotherapy in ovarian cancer: Targeting
the stem of recurrence. Gynecologic oncology. 2015;137(2):335-342.

Kurman RJ, Shih le M. The Dualistic Model of Ovarian Carcinogenesis: Revisited, Revised, and
Expanded. The American journal of pathology. 2016;186(4):733-747.

Ovarian Cancers: Evolving Paradigms in Research and Care. Ovarian Cancers: Evolving Paradigms
in Research and Care. Washington (DC)2016.

Syrios J, Banerjee S, Kaye SB. Advanced epithelial ovarian cancer: from standard chemotherapy to
promising molecular pathway targets--where are we now? Anticancer Res. 2014;34(5):2069-
2077.

Schwab CL, English DP, Roque DM, Pasternak M, Santin AD. Past, present and future targets for
immunotherapy in ovarian cancer. Immunotherapy. 2014;6(12):1279-1293.

Borley J, Brown R. Epigenetic mechanisms and therapeutic targets of chemotherapy resistance in
epithelial ovarian cancer. Ann Med. 2015;47(5):359-369.

Zhang L, Nadeem L, Connor K, Xu G. Mechanisms and Therapeutic Targets of microRNA-
associated Chemoresistance in Epithelial Ovarian Cancer. Current cancer drug targets.
2016;16(5):429-441.

Weidle UH, Birzele F, Kollmorgen G, Rueger R. Mechanisms and Targets Involved in Dissemination
of Ovarian Cancer. Cancer Genomics Proteomics. 2016;13(6):407-423.

Karki R, Seagle BL, Nieves-Neira W, Shahabi S. Taxanes in combination with biologic agents for
ovarian and breast cancers. Anti-cancer drugs. 2014;25(5):536-554.

Khan MA, Azim S, Zubair H, et al. Molecular Drivers of Pancreatic Cancer Pathogenesis: Looking
Inward to Move Forward. International journal of molecular sciences. 2017;18(4).

Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2017. CA: a cancer journal for clinicians.
2017;67(1):7-30.

Paulson AS, Tran Cao HS, Tempero MA, Lowy AM. Therapeutic advances in pancreatic cancer.
Gastroenterology. 2013;144(6):1316-1326.

Weinberg BA, Philip PA, Salem ME. Evolving standards of care for resected pancreatic cancer.
Clinical advances in hematology & oncology : H&O0. 2017;15(2):141-150.

Stan SD, Singh SV, Brand RE. Chemoprevention strategies for pancreatic cancer. Nature reviews.
Gastroenterology & hepatology. 2010;7(6):347-356.

Ying JE, Zhu LM, Liu BX. Developments in metastatic pancreatic cancer: is gemcitabine still the
standard? World journal of gastroenterology : WJG. 2012;18(8):736-745.

- 17 -

Br&adspec



65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

Pishvaian MJ, Brody JR. Therapeutic Implications of Molecular Subtyping for Pancreatic Cancer.
Oncology (Williston Park). 2017;31(3):159-166, 168.

Chantrill LA, Nagrial AM, Watson C, et al. Precision Medicine for Advanced Pancreas Cancer: The
Individualized Molecular Pancreatic Cancer Therapy (IMPaCT) Trial. Clin Cancer Res.
2015;21(9):2029-2037.

Du Y, Zhao B, Liu Z, et al. Molecular Subtyping of Pancreatic Cancer: Translating Genomics and
Transcriptomics into the Clinic. Journal of Cancer. 2017;8(4):513-522.

Mosquera C, Maglic D, Zervos EE. Molecular targeted therapy for pancreatic adenocarcinoma: A
review of completed and ongoing late phase clinical trials. Cancer Genet. 2016;209(12):567-581.
Aprile G, Negri FV, Giuliani F, et al. Second-line chemotherapy for advanced pancreatic cancer:
Which is the best option? Critical reviews in oncology/hematology. 2017;115:1-12.

Wong KM, Horton KJ, Coveler AL, Hingorani SR, Harris WP. Targeting the Tumor Stroma: the
Biology and Clinical Development of Pegylated Recombinant Human Hyaluronidase (PEGPH20).
Curr Oncol Rep. 2017;19(7):47.

Li L, Leung PS. Use of herbal medicines and natural products: an alternative approach to
overcoming the apoptotic resistance of pancreatic cancer. The international journal of
biochemistry & cell biology. 2014;53:224-236.

Alifieris C, Trafalis DT. Glioblastoma multiforme: Pathogenesis and treatment. Pharmacology &
therapeutics. 2015;152:63-82.

Corso CD, Bindra RS. Success and Failures of Combined Modalities in Glioblastoma Multiforme:
Old Problems and New Directions. Seminars in radiation oncology. 2016;26(4):281-298.

Crespo |, Vital AL, Gonzalez-Tablas M, et al. Molecular and Genomic Alterations in Glioblastoma
Multiforme. The American journal of pathology. 2015;185(7):1820-1833.

Polivka J, Jr., Polivka J, Holubec L, et al. Advances in Experimental Targeted Therapy and
Immunotherapy for Patients with Glioblastoma Multiforme. Anticancer Res. 2017;37(1):21-33.
Costa PM, Cardoso AL, Mano M, de Lima MC. MicroRNAs in glioblastoma: role in pathogenesis
and opportunities for targeted therapies. CNS & neurological disorders drug targets.
2015;14(2):222-238.

Oancea-Castillo LR, Klein C, Abdollahi A, Weber KJ, Regnier-Vigouroux A, Dokic I. Comparative
analysis of the effects of a sphingosine kinase inhibitor to temozolomide and radiation treatment
on glioblastoma cell lines. Cancer biology & therapy. 2017:0.

Schroeder B, Shah N, Rostad S, et al. Genetic investigation of multicentric glioblastoma
multiforme: case report. Journal of neurosurgery. 2016;124(5):1353-1358.

- 18 -

Br&adspec



Advisory Board

Professor of Medicine-Oncology and of Pathology at Stanford School of Medicine, Stanford University,
California, USA. Dr Felsher's research interests include both basic science and translational research studies
that investigate how oncogenes initiate and sustain tumorigenesis. He is an elected member of the American
Society of Clinical Investigation and the Association of American Physicians. He is the founding Director of the
Stanford Translational Research and Applied Medicine (TRAM) Program, Director of Oncology Research and
Director of Admissions of the Stanford Medical Scientist Training Program. His laboratory has developed
unique model systems to demonstrate that cancer is reversible upon oncogene inactivation. Dr. Felsher has
published over 150 papers and chapters, and has been invited to speak over 200 international seminars and
symposia. Dr Felsher also was a team leader in the Halifax Project and he led two teams that were focused on
Dean Felsher, MD, PhD the tumor microenvironment

Stanford University

Founder of the Integrative Medicine Program at Greenwich Hospital-Yale Health Systems (1998) and now
Director of Nutritional Oncology, Assistant Clinical Professor, the Director of Curriculum in Nutrition, and the
Director of Curriculum of Integrative Medicine at Yale School of Medicine. Dr Boyd is an oncologist and
hematologist who has been a practicing medical oncologist since 1993. Dr. Boyd is a pioneer in the field of
integrative cancer care, with a targeted focus on nutritional support for cancer patients. Incorporating
emergent, evidence-based medical oncology with cancer-specific nutritional counseling, he combines
comprehensive support for the healing process. Dr. Boyd is the founding president of the Integrative Cancer
Care Research Foundation and a board member of Environment and Human Health, Inc.,, a nonprofit
organization made up of physicians and public health professionals dedicated to the purpose of protecting
Barry Boyd, MD health from environmental harms.

Yale University

Dr LaValley combines state-of-the-art molecular biology with complementary approaches to
treatment. Importantly, he has developed highly sophisticated and rapid data-mining approaches that can
link evidence-based targeted therapeutic interventions to the molecular biology of cancer. Dr. LaValley has
been treating patients for over 28 years and since 1988 he has been a medically licensed by the Texas
Medical Board and the College of Physicians and Surgeons of Nova Scotia while also serving as a professional
consultant to other physicians (i.e., he develops advanced, evidence-based, molecularly-targeted treatment
plans and recommendations for physicians to receive, consider, and administer to patients diagnosed with
various types of cancers). Dr LaValley served in the antecedent Natural Health Products Advisory Panel and
National Transition Team for the Office of Natural Health Products within Health Canada from 1997 — 2000
J. William LaValley MD and was also a member of the Canadian National Advisory Group on Complementary and Alternative
Physician Medicine, Health for Health Canada from 1998 —1999. He was appointed by the Minister of Health to the
Expert Advisory Committee of the Natural Health Products Directorate for the development of Regulations
for Natural Health Products in Canada from 2000 — 2004. He is a member of the American Medical
Association, the Texas Medical Association, the Canadian Medical Association (CMA), the College of Family
Physicians of Canada, and he has been a member of the Society for Integrative Oncology since it began in

2003.

;‘r- " Research Associate at Harvard TH Chan School of Public Health and Honorary Reader at University College
& London. Dr. Retsky received his PhD in Physics from University of Chicago in 1974 and made a career change
into cancer research 30 years ago. He was on Judah Folkman’s staff for 12 years. He is a 22 year survivor of
Stage llic colon cancer and noted for opting not to use conventional maximum tolerated adjuvant
chemotherapy, and instead was the first person to use what is now called metronomic chemotherapy. It
was non-toxic and apparently worked. He is currently interested in perioperative NSAIDs to reduce early

L/
R e A relapses in cancer. Current activity is to raise money for a clinical trial of perioperative NSAID to treat triple
Michael Retsky, PhD negative breast cancer in Nigeria. He is a Founder and until just recently was on the Board of Directors of
Harvard University Colon Cancer Alliance and he has published more than 70 papers in physics and cancer. He is editor of a

book published in July 2017 on the cancer project for Springer/Nature (“Perioperative Inflammation as
Triggering Origin of Metastasis Development”).
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Assistant Professor in the Department of Oncology, Wayne State University School of Medicine, Detroit,
Michigan USA. Dr. Azmi has more than a decade of experience in the area of small molecule drug
development against important cancer targets such as Bcl-2, Mcl-1, nuclear exporter protein CRM1 and p21
activated kinase 4 (PAK4). Dr. Azmi’s work has led to the clinical translation of a number of cancer drugs
such as CRM1 inhibitor Selinexor and recently the PAK4 inhibitor KPT-9274. He has published >100 peer
reviewed articles and numerous thematic volumes in the area of cancer drug discovery. He is the author of
multiple cancer drug discovery books and is also the Editor in Chief of the journal Oncobiology and Targets.
He has received numerous young investigator awards from premier scientific bodies such as American
Association for Cancer Research and American Pancreatic Association. His lab is well funded by the National
Cancer Institute, National Institute of Health and by the pharmaceutical industry.

Asfar S. Azmi, PhD
Wayne State University

Associate Professor of Obstetrics, Gynecology & Reproductive Sciences: Gynecologic Oncology at Yale
Medicine, Connecticut, USA. Dr. Huang is an internationally known expert in the treatment and prevention
of ovarian, uterine and cervical cancers. Dr. Huang is skilled at minimally invasive surgery and is the principal
investigator of a federally funded cancer research laboratory. A board-certified gynecologic oncologist, Dr.
Huang enjoys providing exceptional, individualized, comprehensive care to patients, bringing together
multi-disciplinary clinical teams to achieve the best outcomes. She is passionate about advancing the field
of gynecologic oncology through innovative scientific research and hopes her discoveries will lead to better
treatments for patients.

Gloria Huang MD
Yale University

Corinne Boyer Chair in Ovarian Cancer Research at The University of Ottawa, in Ontario, Canada. Barbara
Vanderhyden completed her Ph.D. in Reproductive Physiology at the University of Western Ontario in
1988. She then did postdoctoral studies at The Jackson Laboratory in Maine, where she learned to climb
mountains, both literally and scientifically. In 1991, she joined the Cancer Research Group at the University of
Ottawa, which has evolved into the Cancer Therapeutics Program at the Ottawa Hospital Research Institute,
where she is a Senior Scientist. Dr. Vanderhyden is also a Professor at the University of Ottawa and has held
the inaugural Corinne Boyer Chair in Ovarian Cancer Research since 2000. She established and ran the
university’s transgenic mouse facility for 14 years

Barbara Vanderhyden, PhD
The University of Ottawa

Inaugural John Turner Professorial Cancer Research Fellow, The Fiona Elsey Cancer Research Institute, Adjunct
Professor, Research & Innovation, Federation University Australia, Ballarat, Australia. Dr Ahmed is an
experienced cell and molecular biologist with a longstanding interest in understanding the molecular
mechanisms of ovarian cancer spread. She did her postdoctoral research training in Malaghan Institute of
Medical Research, Wellington, New Zealand, University of New Castle, Australia and University of British
Columbia in Canada. From 2002-2014, Dr Ahmed led the Ovarian Cancer Research Group in Women’s Cancer
Research Centre, Royal Women’s Hospital, Melbourne and currently leads the Ovarian Cancer Research
Program in Fiona Elsey Cancer Research Institute, in Victoria, Australia. As chemoresistance associated with
recurrence after chemotherapy treatment is the major cause of mortality in women with ovarian cancer, Dr

o Ahmed’s current work is focused in understanding the mechanisms of survival of ovarian cancer cells in

Nuzhat Ahmed, PhD response to chemotherapy treatment and re-growth of these cells to cause clinical recurrence. These studies
The Fiona Elsey Cancer have utilized isolated tumour cells (primary, and also from ascites) from patients diagnosed with the advanced-
Research Institute stage disease before and after chemotherapy treatments and also animal models to model profiles of

genes/proteins associated with chemotherapy resistance.
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Dr. Raza is the Director of the MDS Center in the Division of Hematology and Oncology at Columbia University
in New York, NY. Dr. Raza completed her medical education in Pakistan, training in Internal Medicine at the
University of Maryland, Franklin Square Hospital and Georgetown/VA Medical Center in Washington, D.C. and
her fellowship in Medical Oncology at Roswell Park Cancer Institute in Buffalo, New York. She started her
research in Myelodysplastic Syndromes (MDS) in 1982, moved briefly to Cincinnati, Ohio and then to Chicago,
Illinois in 1992, where she established a highly productive translational research program in MDS. This
program, along with a Tissue Repository containing more than 40,000 samples from MDS patients was
successfully relocated to the University of Massachusetts in 2004 and to St. Vincent’s Comprehensive Cancer
Center (SVCCC) in 2007. Before moving to SVCCC, Dr. Raza was the Chief of Hematology at the University of
Massachusetts in Worcester. Dr. Raza’s basic research has been strictly therapy-driven and is marked by her
tireless efforts to move the advances in the laboratory to the bedside with alacrity for the improvement of
treatment outcome of MDS patients. She is well known internationally for several landmark observations
related to the biology and treatment of MDS and she has published the results of her laboratory research and
a large number of clinical trials in prestigious, peer reviewed journals such as The New England Journal of
Medicine, Nature, Blood, Cancer, Cancer Research, British Journal of Hematology, Leukemia, Leukemia
Research (250 full-length papers, 15 book chapters, 510 abstracts, and editor of a book devoted to MDS).

Azra Raza, MD
Columbia University

Senior staff oncologist at the Josephine Ford Cancer Center and Adjunct Assistant Professor, University of
Michigan. Dr. Khan completed her residency and fellowship training at the university of Michigan health
system. She then continued as faculty there and did translational research under the mentorship of Dr.
Diane Simeone working on chemo-resistance mediated via Notch signaling in pancreatic cancer. Dr. Khan is
the recipient of a "Career development Award" from the NCI/CTEP for the clinical development of a novel
Notch inhibitor in pancreatic cancer. Dr. Khan's current research focus lies in the clinical development of
novel therapeutic strategies for the treatment of pancreatic cancer. At Henry Ford, Dr. Khan is the medical
director of the pancreatic oncology program and is the recipient of the Mort Harris grant for pancreatic
; cancer research. Dr. Khan has designed and conducted several clinical trials using novel agents in pancreatic
Gazala N. Khan, MD cancer.

University of Michigan

Dr El-Rayes is an Associate Professor at the Emory University School of Medicine, Director of the GI Oncology
Translational Research Program at the Winship Cancer Institute and Medical Director of the Clinical Trials
Office at the Winship Cancer Institute. Dr. EI-Rayes completed his internal medicine residency at Wayne
State University, the hematology oncology fellowship program at the Wayne State University and then was
an Assistant Professor (Gl oncology) involved in translational pancreatic cancer research. Dr. El-Rayes joined
Emory University in September 2009 and is designated as a Distinguished Cancer Scholar by the Georgia
Cancer Coalition.

Bassel EI-Rayes, MD
Emory University

Dr. Lyssiotis is an Assistant Professor at the University of Michigan Medical School with appointments in the
Departments of Physiology and Medicine. His lab, located in the UMHS Comprehensive Cancer Center,
studies the biochemical pathways and metabolic requirements that enable tumor survival and growth and,
in particular, how this information can be used to design targeted therapies. Among his many contributions,
Dr. Lyssiotis has defined several new metabolic pathways in pancreatic cancer cells and tumors that are
required for growth. For this work, he has been awarded the Dale F. Frey Award for Breakthrough Scientists,
the Tri-Institutional Breakout Prize for Junior Investigators and the American Gastroenterological
Association Augustyn Award in Digestive Cancer. He is also a Sidney Kimmel Foundation Junior Scholar,
a Lefkofsky Family Foundation Scholar, a Melanoma Research Alliance Young Investigator and a V
Foundation Junior Scholar.

Costas A. Lyssiotis, PhD
University of Michigan
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Tenured Professor of Pathology, Microbiology, and Immunology, University of South Carolina School of
Medicine, Columbia, SC, USA. Dr Ray’s research interests include the understanding of the histological,
cellular, and molecular mechanisms of pathogenesis of malignant diseases, with a special emphasis on
glioblastoma, and development of novel therapeutic strategies for their treatments in preclinical models.
Dr. Ray’s research has been funded by Federal, State, and Private funding agencies. He has served in NIH,
NSF, and DoD study sections as well as in State, Private, and International grant review panels. Dr. Ray
serves as editorial board member in many biomedical journals. He has presented 318 abstracts in national
and international scientific meetings and published 26 book chapters and 194 peer-reviewed papers. Also,
he has edited 2 books and 2 journals. Dr. Ray has trained many undergraduate and graduate students,
postdoctoral fellows, and junior faculty members in his laboratory.

A

Swapan K. Ray, PhD
University of South Carolina

Dean of Studies, International Initiative for Accelerated Improvement of Glioblastoma in Vermont (United
States) — Dr Kast’s research in recent years has been devoted to publishing work on identifying and
understanding growth-promoting or cell-death resisting mechanisms in glioblastoma, then searching for
drugs that are marketed for other indications, that would inhibit or interfere with these paths. As examples:
the anti-hypertension drug captopril inhibits MMP-2 & MMP-9, the anti-alcoholism drug disulfiram inhibits
function of stem cell mediator ALDH, the anti-fungal drug ketoconazole inhibits 5-lipoxygenase and
thromboxane synthase, the anti-HIV drug nelfinavir (or ritonavir) inhibit HSP90. All these targets were
previously identified as important facilitators of glioblastoma growth

Richard E. Kast, MD
International Initiative for

Accelerated Improvement of
Glioblastoma
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