Replimune: The Lost Art of Immunotherapy
Give me the power to produce fever and I'll cure all disease.”
~ Parmenides, 500 BC

Introduction:
With the re-discovery of the importance of the immune system in fighting cancer,
oncology therapies have made a leap forward in the last decade. But these
therapies have managed to all fall short due to the fundamental flaws in their
design. The largest of these flaws stems from the misunderstanding of the two
major components of the immune system, the adaptive and the innate. While
both systems are important to the fighting of cancer, the innate is far more
important. The adaptive’s response is built upon the foundation of the innate,
and while this important distinction has been overlooked by the biotech
community, Replimune has discovered a way to stimulate both systems at once
while simultaneously attacking the cancer directly, providing an effective and safe
multi-pronged approach to oncology therapy.
The company is able to accomplish such a feat by designing an oncolytic virus
(OV) that attacks the cancer while it stimulates both sets of immune responses.
Despite the promise of this approach, success in this area has been very limited by
a number of factors. Only one OV has been approved by the FDA in the last
decade and just two in the entire history of the FDA. Fortunately, Replimune is led
by the same team behind T-VEC which was approved for use in Stage III and IV
Melanoma patients. Over the course of the last 5 years, T-VEC on its own and in
combination with checkpoint inhibitors has quietly generated some of the best
data in a variety of cancers.
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The team at Replimune has taken everything they’ve learned from that previous
success and sought to design an even better more potent virus as the base of its
entire platform. The early data the company has already generated is quite
promising but the best is yet to come. The company will present its first phase 2
clinical trial data in Melanoma and Non-Melanoma Skin Cancers (NMSCs) in
combination with Opdivo on June 3rd of this year.
We are extremely confident that this data will show RP1, Replimune’s lead drug,
to surpass expectations and be shown to be one of the most promising therapies
in clinical development despite the dogmatic beliefs endemic in the field.
As is common in our research, the key to a proper understanding of the science is
to go back into history and find what was known but was sadly lost. From there
we will reframe the empirical data into the context of evolution and our own
theories so that we can better understand how Replimune’s therapy should work
as well as how to approach immunotherapy in general.

The History and Theory of Immunotherapy
“There is at bottom only one genuinely scientific treatment for all
diseases, and that is to stimulate the phagocytes.” ~ George Bernard
Shaw
So, goes the counsel of physician Sir Bloomfield Bonington in George Bernard
Shaw’s 1906 play The Doctor’s Dilemma. Conventional wisdom has long held that
the human immune system was no match for cancer. Born of native cells, the
logic went, cancer fooled the immune system into concluding it was harmless.
Thus, protected from attack, cancer easily thrived until its host died.
In recent years, a deeper understanding of our biological defenses has provided a
more nuanced interpretation. The human immune system does battle cancer. But
we could better optimize our defenses to fend off malignant disease. That is clear
from the current immunotherapy paradigm involving the use of checkpoint
inhibitors (such as anti-PD-1 or anti-CTLA-4 therapies) to induce an immune
response. These immuno-oncology treatments are forecasted to be a $25 billion a
year business by 2022.
Although an important step in the right direction, these therapies are only
effective for patients with a pre-existing immune response to their condition and
whose tumors are inflamed (hot). Because most patients do not have a sufficient
ongoing immune response to the tumor (i.e. the tumors are immunologically
cold), checkpoint inhibitors are only effective in a minority of patients. Any
therapy that hopes to work in a broad variety of patients must be able to
stimulate the innate immune system. The main problem with the current
immunotherapy paradigm is the focus on adaptive immunity at the expense of
the innate immunity.
And yet, it’s clear from cancer treatments attempted in New York City and
Germany as early as the 19th century that the key to immunotherapy lies in the
innate immune system. Those experiments and other undervalued evidence from
the medical literature suggest that acute infection can help a body fight cancer.
Clinical experiences showed that given the right set of conditions, cancers would
sometimes regress during naturally acquired virus infections. For a long time, this
research went unheeded – for reasons both good and bad – but that era has
come to an end.

Replimune aims to pick up on this formerly lost area of interest with its
genetically modified oncolytic viruses (OVs) - derived from a potent underlying
HSV-1 strain - which are meant to stimulate an innate immune reaction rendering
all solid tumor types (hot and cold) susceptible to checkpoint inhibitors. Indeed, it
is thought that oncolytic viruses hold the potential to reach much of the
remaining 80% of cancer patients for whom checkpoint inhibitors are ineffective.
This tremendous potential isn’t currently widely appreciated – largely due to the
fact that despite advances in the understanding of how the immune system works
conventional wisdom of the workings of the immune system are still incoherent.
Even in the late 19th and early 20th centuries when there were great successes in
cancer immunotherapy, e.g. Coley’s Toxins, they weren’t accepted because they
didn’t fit into the predominant paradigm.
And yet, great success was had and with the advances made in the last few
decades we have the ability to utilize immunotherapeutics in a way far beyond
the wildest dreams of the forefathers of the field. If we could only reimagine the
immune system’s workings and how cancer fits in, we could make the biggest leap
in cancer treatment in a century. And so, that is just where we will start.
Originally immunology was born as an offshoot of applied microbiology, the
foundational thinking of the microbiological discipline, and because of this it has
been envisioned that the immune system is engaged in a permanent host struggle
against alien invaders. Specifically, the founders of immunology were
microbiologists such as Paul Ehrlich and Louis Pasteur who have enabled the
persistence of a framework whereby the immune cells were conceived as
sentinels or alerted border guards, on the offensive against microbial invasion.
Thus, microbiological thinking, namely its idea of a war against aliens, has
persisted in minds for decades due to the fact that generations of immunologists
have been educated by microbiologists.
However, when imagined through the foundations of physiology and
pathophysiology, a dramatically divergent view of the immune system emerges.
In fact, almost 120 years ago Ilya Ilyich Metchnikoff suggested that the main
predestination of the immune system is not “struggle” against non-self, but
rather “harmonization of self”, or even ontogenetic creation of multi-cellular
organism, in spite of interior contradictions of its elements.

Participation of immune cells in permanent host struggle against aliens is just one
of the facets of a much wider biological predestination of the immune system
which is responsible for the control of dynamic self-maintenance, self-reparation,
self-construction and self-optimization of an organism, and perpetual selfharmonization of the primarily imperfect and contradictory body under the
conditions of permanent pressure of the environment. In other words, the
immune system is an important contributor to morphodynamics.
In truth, there is no other role to be played by the immune system or any other
subsystem of organisms. There is, arguably, no such thing as an immune system.
The differentiation of each subsystem of the greater system of living organizations
is a fallacy. Differentiation is an illusion held by mankind that we wield to ill effect,
breaking up the universe and everything in it into separate pieces that are in
reality of a whole.
Living organisms, much like all dissipative systems, are organizations meant to
maintain themselves so as to breakdown gradients and increase the entropy of
the universe. They work not in isolation nor does any component of a living
organism do so. The nervous system, endocrine system, cardiovascular system,
etc. are all as much ‘pieces’ of a larger, encompassing, morphodynamic system as
the immune system is. They are all just details conceived by life over billions of
years of evolution as they have adapted to their conditions of existence in the
wider universe.
In life’s beginnings on Earth, and even for the first couple billion years, there was
no need for an immune system. Unicellular organisms had (and still have) their
own mechanisms for morphodynamics but once multicellular organisms came
into existence there needed to be a system capable of monitoring and regulating
the community as a whole.
To this day each cell in a multicellular organism is charged with monitoring and
maintaining its own health. The overwhelming majority of all sick (dysfunctional)
cells are identified in house, within and by the disordered cell itself, using internal
checkpoint controls. Sick cells (infected, aging, ectopic etc.) elect to apoptose on
this internal realization of dysfunction: first they try to resolve the problem but
when this fails, they destroy their contents.

Resident intracellular pathogens will also be trashed in the process, particularly
those that have not developed strategies to circumvent apoptosis. If the cells
aren’t able to or won’t for whatever reason self-destruct then the immune system
can step in and remove the cells and their debris for the sake of the organism as a
whole. Similarly, if there are external pathogens (in the form of viruses, bacteria,
parasites, or just harmful debris) the immune system acts to clean up in order to
maintain a coherent functioning whole.
Immunology has long focused on how immune responses are initiated, and it has
done so using mostly a ‘top-down’ approach, considering ‘immunity’ from a
human perspective. This anthropocentric view led to the postulate that self/nonself-discrimination is mediated by T cells – that it is the adaptive immune system
is what is able to readily distinguish between self and non-self.
Rather we propose the immune system discriminates between those
components that are beneficial for the organism as a whole and those that are
harmful. In addition, we propose that it is the innate immune system leading
the show with the adaptive immune system following its lead. In this
connection, it has recently been recognized that the primary host defense in
virtually all animals is carried out by macrophage-like cells/innate immunity.
This is a fundamental change from the long-held belief that adaptive responses
direct macrophage activity. The importance of innate immunity is highlighted by
the fact that greater than 95% of the animal kingdom does not have T or B cells
and yet displays potent resistance to pathogens. Even when T and B cells
appeared in vertebrates, their adaptive responses remained dependent on
macrophage responses.
Furthermore, when one examines evolution, it can be seen why macrophages (or
macrophage-like cells) are central to animal life and defense. Indeed, the first
animal seems to be a ‘macrophage’. Amoebas are, essentially, free-living
macrophages able to sample their environs, phagocytize foreign objects, repair
cellular damage, and kill. They represent what the immune system is really all
about.
Such as it is, the immune system doesn’t discriminate based on a self/non-self
distinction. Rather, the immune system concerns itself with dysfunctional (and/or
pathogenic) cells and their debris which are a danger to the health of the

organism. The immune system acts to remove such dangers for the sake of the
community as a whole regardless of whether any such cells or debris are or were
once part of the “self”.
This is similar to Matzinger‘s “danger hypothesis” which implies that the immune
system is not concerned with discrimination and killing of the “alien”, but it is
aimed to identify and block the potentially dangerous. Matzinger asserts that
immune responses are not triggered by non-self, but by,
“endogenous cellular alarm signals from distressed or injured cells”.
More explicitly, Matzinger writes:
“the ‘foreignness’ of a pathogen is not the important feature that
triggers a response, and ‘self-ness’ is no guarantee of tolerance”.
When tissue cells are distressed because of injury, infection and so on, they start
to secrete or express on their surface so called "Danger signals". "Danger signals"
are also thrown out to extracellular space in the case that stressed cell dies by
immunologic not-silent cell death such as necrosis or pyroptosis (as opposed
to apoptosis, controlled cell death).
The theory claims that self-constituents can trigger an immune response, if they
are dangerous (e.g., cellular stress, some autografts, etc.); and “non-self”
constituents can be tolerated, if they are not dangerous (e.g., the fetus or
commensal bacteria). According to Matzinger and colleagues, the proper
opposition to determine why an immune response is triggered is the presence or
absence of ‘danger’, not exogenous vs. endogenous characters of any entity
under consideration.
Afterall, if the “immune system” were concerned solely with the distinction
between self and non-self then there would be no place for commensal
microorganisms and viruses in the healthy ecology of an organism.
Rather, these commensals are a normal healthy part of the organism itself, they
are not other. And yet, they can become dangerous, they can become pathogens,
and it is only then that they are actively removed from the system.
Life is, in fact, a continuous exposure to a large variety of threatening and
potentially damaging agents collectively indicated as stressors, which can be

divided into two basic categories: external and internal stressors. The first
category includes not only all sorts of bacteria, viruses, fungi, cancer, and
parasites but also nutrients that are basically foreign material that are ingested as
a source of energy.
The second category includes all types of material produced by living organisms as
a consequence of cell turnover and metabolism, i.e., cell components or debris,
metabolites, and molecular aggregates resulting from incomplete degradation or
non-enzymatic reactions, considered as “molecular garbage”. All along the
evolution, animals from invertebrates to vertebrates have developed adaptive
strategies to recognize and neutralize such complex and dynamic combination of
stressors that all together represent the “ecospace” where each animal lives. The
immune system is a key piece that senses, recognizes, remembers, and removes
such stressors from the organism.
As such, the immune system in its’ morphodynamic regulatory capacity is the
cornerstone of health and well-being outside of its role in protecting us from
pathogenic organisms. There is not a single aspect of health that is not
significantly affected by the immune system nor is there a single disease that does
not involve the immune system. Indeed, the immune system is absolutely
necessary for the functioning of complex multicellular organisms such as
ourselves.
This is why the immune system is so important for removing cancer cells, in
particular. Cancer cells are essentially cells that are no longer part of the
organism. They have established their own autonomy and as such are a serious
danger to the organism of which they parasitize. They have become pathogenic
and the immune system seeks to remove them to protect the integrity of the
organism.
Moreover, the evolution of the immune system occurred right alongside the
evolution of cancer. Cancer only arose with the development of multicellular
organisms, but at the same time so did the immune system which keeps a check
on rogue and/or dysfunctional cells. For over a billion years the immune systems
of multicellular organisms have fought to keep cancer in check and over that time
have developed increasingly sophisticated means to do so, such as T cells, B cells,
natural killer (NK) cells, the complement system, etc. Accordingly, the immune

system is the best defense against cancer. In truth, any cancer treatment that fails
to take into consideration the immune system is therapeutically bankrupt.
This is something that’s been recognized to some extent since before there was a
coherent notion of an immune system at all and certainly far before the modern
conception of the immune system came about. Actually, this lack of a model may
have been to our ancestor’s advantage. They weren’t inappropriately constrained
in their thinking and practices by erroneous conceptions of how the immune
system works. They found what worked and didn’t let their preconceived notions
get in the way.
While Immunotherapy is often perceived as a relatively recent advance, in
reality, the beginnings of cancer immunotherapy occurred in Antiquity and far
predate any of the modern cancer therapies such as chemotherapy or radiation.
In fact, the whole history of the treatment of cancer is intimately related to the
phenomenon of infectious disease. Throughout history there are multiple
accounts about tumorous growths regressing or disappearing after an infectious
and/or high febrile episode, despite the fact that germ theory wasn’t
conceptualized until the 19th century and the scientific basis for attempts at
modulating the immune system to treat cancer finding its modern roots only in
the second half of the 18th century, when histologic confirmation of a malignancy
became possible.
The earliest example of such cancer immunotherapy may be thousands of years
old. In the writings of the Ebers Papyrus (c 1550 BC), attributed to the great
Egyptian physician Imhotep (c 2600 BC), the recommended treatment for
tumors was a poultice followed by incision. Such a regimen would inevitably
lead to an infection at the tumor site. By the 1700 and 1800s AD, crude forms of
cancer immunotherapy became widely known and accepted. For example,
Tanchou in his comprehensive treatise on cancer published in 1844, provides
insight on how these immunotherapies came into being:
‘‘One knows that often the affected lymph nodes and primary
growths disappear during the course of concurrent illness, never to
return. It is according to that idea … that a large number of observers
have advised establishing ‘issues’ [suppurating sores] on diverse

portions of the body and even in the wounds remaining after
operation’’.
He goes on to cite many cases from other physicians where ‘‘issues’’ were
successfully established. Other strategies from that era included applying septic
dressings to ulcerated tumors, or deliberately introducing infections such as
erysipelas, gangrene, or syphilis.
Specifically, more than 135 years ago the German physicians Busch and
Fehleisen independently noticed regression of tumors in cancer patients after
accidental infections by erysipelas. In 1868, Busch was the first to intentionally
infect a cancer patient with erysipelas and he noticed shrinkage of the
malignancy. Fehleisen repeated this treatment in 1882 and he also eventually
identified Streptococcus pyogenes as the causative agent of erysipelas.
The next significant advances came from William Bradley Coley who is known
today as the Father of Immunotherapy. In 1891 William Coley, of the Bone Tumor
Service at Memorial Hospital in New York, followed up on his own independent
observation of a long-term regression of a sarcoma after an erysipelas infection
by starting a 43-year-old project involving the injection of heat-inactivated
bacteria (“Coley’s toxins”) into patients with inoperable cancers.
In the beginning, he simply injected patients with Streptococcus pyogenes, the
strep bacteria that causes erysipelas. Among patients who contracted erysipelas
as a result of the exposure, approximately 20 to 40 percent died from the
infection. Roughly another 20 to 40 percent experienced no noticeable impact on
the sarcoma. And roughly 40 percent experienced remission. These results are
intriguing and significant, for two reasons: First, for the first time in modern
medical history a nonsurgical therapy resulted in the durable remission of a
significant number of patients with an otherwise incurable form of cancer. And,
second, no matter how successful the therapy, a 20 to 40 percent mortality rate is
too high a price to pay. Coley, emboldened, began looking for a better way.
After several years of experimentation, he was able to isolate the S. pyogenes
endotoxin—part of the outer membrane of the cell wall in Gram-negative
bacteria that elicits a strong immune response, including fever—and mix it with
the endotoxin from Serratia marcescens.

Each of these endotoxins can provoke significant fevers on its own, but since
Coley was using only the part of the bacteria that provokes the immune response,
he surmised that there would be a greatly reduced risk of life-threatening
infection compared to simply injecting patients with live bacteria. Dr. Coley
injected this mixture—known as Coley’s Toxins—into patients at increasing doses,
depending on their tolerance, provoking fevers of up to 105 degrees on a daily
basis for a month. Amazingly, Coley’s gamble (with other people’s lives) paid off.
The death rate plummeted, and the benefits of the fever therapy remained.
Coley treated nearly a thousand patients, mostly with inoperable sarcomas, and
his toxins—eventually there were thirteen different formulations—were made
available to physicians across Europe and North America from the pharmaceutical
firm Parke Davis and Company. A 1945 study calculated a 60 percent cure rate
among more than 300 cases of inoperable cancer. In another review from 1994,
the remission rate among patients treated with Coley’s toxins was 64 percent;
the five-year survival rate was more than 44 percent. This is astonishing and, in
fact, far surpasses anything modern oncology has to offer for stage 4 cancer
patients.
Unfortunately, the tide began to turn against ‘‘Nature’s remedy’’ for cancer
during the 20th century. First, cancer surgery, like any other operation, became a
sterile procedure after acceptance of Lister’s aseptic techniques in the late 1800s.
In a 1909 discussion paper on cancer treatment, one surgeon suggested that the
postoperative infections that were common in the past improved survival and
should be encouraged. Yet in this new era, his suggestion was harshly criticized as
‘‘a doctrine that would make surgery go backwards’’.
Secondly, by the time of Coley’s death in 1936, radiotherapy had become an
established cancer treatment, and chemotherapy was rapidly gaining acceptance.
These treatments could be more easily standardized than Coley’s approach and
the hope that these therapies would eventually lead to a cure for cancer was high.
Such therapies ran counter to immunotherapy, as they are highly
immunosuppressive.
Thirdly, following World War II, antibiotic use during and after surgery became
commonplace. Thus, postsurgical infection rates were reduced even further, in

addition to diminishing the severity and duration of those infections that did
occur.
Finally, once the immune system became ‘‘redundant’’ in fighting infections,
antipyretics came into routine use to eliminate the discomforting symptoms of an
immune response. Eventually, Coley’s Toxins were outright banned in 1962 when
the Food and Drug Administration refused to acknowledge them as proven drugs.
The idea of the human being as a self-correcting organism, with the primal event
of producing a fever as its main tool, no longer had a place in the armamentarium
of the modern doctor. Hence, reports of spontaneous regression have become
less commonplace, although an association with acute infections is often noted
when it occurs. A retrospective study by Ruckdeschel et al found that patients
who developed empyema after lung cancer surgery had a significantly better
five-year survival (50% v 18%).
Beyond this, however, it is not just the case that infections after development of
cancer can be beneficial but that infectious diseases can essentially inoculate the
body against cancer. In fact, as early as 1899, British cancer researcher D’Arcy
Power observed,
“Where malaria is common, cancer is rare.”
This correlation has even continued to be confirmed in more recent years –
worldwide malaria incidence and cancer mortality are inversely associated. It is
not just malaria, however, but infectious disease in general that is inversely
associated with cancer. Regions of the world subjected to heavy infectious
burdens consistently seem to show lower incidence of cancer.
Furthermore, a general reduction in infections have gone hand in hand with an
increase in cancer frequency. The data are explained in terms of the so-called
"hygiene hypothesis": frequent infectious onslaughts, especially in childhood,
challenge the immune system and build a strong immune system and
immunological memory which prepare the body to tackle further battles down
the line, such as cancer. Indeed, a review of previous reports suggests that the
occurrence of fever in childhood or adulthood may protect against the later onset
of malignant disease.

Moreover, it has been noted that there is a strong inverse relationship between
immune function and the incidence of many forms of cancer; as immune function
decreases with age, the incidence of cancer increases. In fact, the rising incidence
of cancer rates with age exactly mirror the exponential decline of the immune
system.
You see, nature exists in a delicate balance, the immune system being no
exception. Attempts to create an increasingly sterile environment may further
reduce our innate cancer curing ability, until we may finally convince ourselves
that it never existed at all.
And yet, having said that, Dr. Coley’s approach to cancer treatment didn’t
completely fall into historical obscurity. After her father’s death in 1936 Dr.
Coley’s daughter Helen Coley Nauts studied his case files and became convinced
his method had achieved remarkable results and should be studied further. But
Mrs. Nauts lacked medical credentials, and many in the wider profession
dismissed her – save for Lloyd Old, a rising star in immunology who joined MSK in
1958 and served as its director of research from 1973 to 1983. Dr. Old was
impressed by Mrs. Nauts’s reevaluations of her father’s work and vowed to study
the Coley phenomenon further. Dr. Old noted that,
“there is something unique about a cancer cell that distinguishes it
from normal cells, and that this difference can be recognized by the
body's immune system”.
Dr. Old went on to do some of the first modern research on immunotherapy, with
a substance called Bacillus Calmette–Guérin (BCG), which is made from a
weakened version of the bacterium that causes tuberculosis. The FDA approved
BCG for the treatment of bladder cancer in 1990.
Around the time that Coley was working on his theory of infection and cancer
regression, two Frenchmen—Albert Calmette, a bacteriologist, and Camille
Guérin, a veterinarian—were on a lifelong quest to develop a vaccine against
tuberculosis (TB). Calmette and Guérin isolated a virulent strain of
Mycobacterium bovis (closely related to the human strain of TB) and worked
years to make tubercle bacillus nonvirulent and genetically stable. The unique
strain they developed was named bacillus Calmette-Guérin, or BCG, after the two
scientists.

In 1929, researchers at Johns Hopkins noted a lower incidence of cancer in
patients with TB, and later research found antitumor effects against several
malignant cell lines after immunization with BCG. Then, in the 1950s, Dr. Lloyd
Old conducted studies that provided the first direct evidence that BCG had
antitumor effects. This research set the stage for Morales et al. in 1976
who established the effectiveness of BCG in the treatment of superficial bladder
cancer. To this day BCG remains the standard of care (SOC) of bladder cancer.
However, this has been more or less the only notable success in bacterial
immunotherapy. To date, BCG, is the only bacterial agent approved by the
FDA. No other bacterial immunotherapy candidates have met with sufficient
success since then. This is because bacteria for a number of reasons likely aren’t
ideal, at the time at least, for use in immunotherapy relative to viruses.

Viruses vs. Bacteria:
Viral immunity - or at least the precursor to viral immunity - may predate bacterial
immunity. All cells have evolved dedicated molecular systems for sensing and
delivering a coordinated response to viral threats. Since the dawn of life on the
planet viruses and their relatives (transposable elements) have been very
powerful drivers of evolution – perhaps the strongest source of evolutionary
change of all. However, their uncontrolled replication and spread can be
catastrophic to host cells. It is therefore not surprising that every known living
species on the planet has evolved measures to recognize and counteract parasitic
genetic elements.
It is suggested that anti-sense mediated targeting of viral nucleic acids was the
most primordial strategy protocells used to fend off viral threats. That is, even
before the last universal common ancestor (LUCA) evolved life was under “attack”
by “viral” nucleic acids and life accordingly evolved to sense these elements and
defend against them even while they were changing (evolving) the very systems
they were “attacking”.
Notably, viral elements mutate far faster than any other type of life process and
exist in far greater numbers, as well. The rapid evolution and constant assault of
vast numbers of these elements both precipitated as a response and directly
caused the evolution of other forms of life such that as these elements evolved so

did their hosts. In particular, so did the immune systems responsible for detecting
and regulating viruses and their ancestors.
In fact, insertion of viral genomes, or parts thereof, into host genomes is at the
origin of many immune systems. Such as it is, the immune systems of all life forms
are largely based on viral elements being directly incorporated in genomes and
from the endogenous rearrangements of genomes in response to viral threats.
Furthermore, while competition among bacterial cells have existed since the
dawn of bacteria themselves the battlefield has largely been external. It was only
with the advent of multicellular organisms that bacteria were able to more
regularly infect other organisms; and even today, most bacterial infections in
humans are extracellular.
The advent of multicellular organisms, however, took over two and a half billion
years to occur since the theorized beginning of life on the planet. For all those
two and a half billion years viruses were constantly invading unicellular organisms
providing greater evolutionary pressure to evolve immunological defenses. The
end result is that today in humans the innate immune system is particularly
important in removing viral infections.
Moreover, as viruses infect cells of our own bodies and essentially turn them
against us, the immune response they elicit is much the same as that elicited by
cancer cells. It is well recognized that viral infections elicit a particularly strong
response from the cell-mediated immune system - the primary mechanisms
against viruses are natural killer (NK) cells, interferons (IFNs), macrophages, and
cytotoxic T cells.
Gujar et al. has stated that many of the “undesirable” anti-viral immune
responses activate the immune response against the tumors, which is necessary
for transforming them from immune “cold” to immune “hot.”
Interferon-stimulated genes, for example, are widely expressed in cancer cells
and can predict therapy response. Such is the importance of interferon that it,
with the brand names Intron A and Sylatron, in 1995 became the first adjuvant
immunotherapy for patients with high-risk melanoma.
Specifically, type I IFN are known to mediate several so-called “anti-cellular”
activities including inhibition of cell proliferation, mobilization of HSCs, inhibition

and skewing of hematopoietic cell differentiation, anti-angiogenesis, and
immunomodulatory effects such as activation of NK cell functions, modulation of
DC activation, migration, and antigen presentation functions, promotion of T cell
response and memory, and differentiation of plasma cells. This cytokine can be
said to act as a master regulator whose induction in the early stages of viral
infection modulates downstream signaling cascades that promote a proinflammatory anti-tumor response.
When a virus infects a host, it invades the cells of its host in order to survive and
replicate. Once inside, the cells of the immune system cannot ‘see’ the virus and
therefore do not know that the host cell is infected. To overcome this, cells
employ a system that allows them to show other cells what is inside them – they
use molecules called class I major histocompatibility complex proteins (or MHC
class I, for short) to display pieces of protein from inside the cell upon the cell
surface. If the cell is infected with a virus, these pieces of peptide will include
fragments of proteins made by the virus.
This is orchestrated, at least in part, by interferons which are produced by the
virally infected cells. They also act as signaling molecules that allow infected cells
to warn nearby cells of a viral presence – this signal makes neighboring cells
increase the numbers of MHC class I molecules upon their surfaces, so that a
special cell of the immune system called a T cell can identify it.
Cytotoxic T cells, which get their name from their ability to kill cells that are
infected with viruses with toxic mediators, have specialized proteins on their
surface that help them to recognize virally-infected cells. These proteins are
called T cell receptors (TCRs). Each cytotoxic T cell has a TCR that can specifically
recognize a particular antigenic peptide bound to an MHC molecule. If the T cell
receptor detects a peptide from a virus, it warns its T cell of an infection. The T
cell releases cytotoxic factors to kill the infected cell and, therefore, prevent
survival of the invading virus.
The other class of immune cells involved in this response are NK cells. When the
NK cell finds a cell displaying fewer than normal MHC molecules it releases toxic
substances, in a similar way to cytotoxic T cells, which kill the virally-infected cell.
NK cells were originally described as cytolytic effector lymphocytes, which, unlike

cytotoxic T cells, can directly induce the death of tumor cells and virus-infected
cells in the absence of specific immunization; hence their name.
Both of these types of cells, NK and T cells, are the primary mediators or
checkpoint inhibitor therapies. In particular, it has been found that the common
denominator of those who respond to checkpoint inhibitors is their bodies’ ability
to unleash a surge of killer T cells, called CD8+ cells. At the same time, a strong NK
cell response is also indispensable for the full therapeutic effect of
immunotherapy.
Thus, not only can anti-viral signaling prime the tumors for subsequent immune
clearance responses, such that the immune system will also collaterally target
cancer cells harboring the OV by directing the response specifically at virus
replication sites, but also, the anti-viral immune response can synergize
exceedingly well with other cancer immunotherapies.
All of this is due to the fact that viral immunity is ancient and, evolutionarily
speaking, set the stage for cancer immunity. The immune system, like all systems
of all organisms, is built hierarchically. Evolution proceeds in layers, adding higher
layers to the hierarchy as time goes on such that ancient evolutionary systems
form the base upon which newer evolutionary systems operate.
Without innate immunity there would be no adaptive immune system and
without an innate immune response the adaptive immune response has nothing
to work off of. Furthermore, the stronger the innate immune response, the
greater the potential for an overall immune response - the adaptive immune
system acts as an amplifier of the innate immune system. This is why, despite
relatively impressive results, current immunotherapies remain effective in only a
minority of patients.
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Immunotherapy, the good, the bad, and the path forward:
Such therapies target just the adaptive response, leaving the innate immune
system alone. If the innate immune system isn’t running as it should it doesn’t
really matter how much you stimulate the adaptive arm. It’s a bit like trying to
drive a car with the parking brake, but even more counterproductive.
If we could effectively target the innate immune system on top of targeting the
adaptive immune system, we could achieve truly incredible results. Which is
precisely why, Polly Matzinger, the mother of the “danger theory” of immunity,
suggested that we have the capacity to clear 80% of tumors with immunotherapy.
Given that the innate immune system has adapted over billions to fight viruses,
this would seem an obvious place to start.
While some companies have chosen a much narrower approach to targeting the
innate immune system, OVs offer a more holistic approach that is missing from
these other therapies such as TLR, NLR, and RLR agonists. These reductionist
therapies stimulate the innate immune system, but incompletely. They fail to
elicit the full response of the immune system in the same way that an OV does.
You might think this would mean that while potentially less effective these innate
immunity receptor agonists would be safer, but this isn’t necessarily the case. The
body works in a very finely tuned balance. In the history of evolution on Earth it’s

highly unlikely that there’ve been many situations where a single immune
receptor is artificially boosted to maximum levels while the rest stay at baseline
levels.
Instead, when an immune response is naturally stimulated a multitude of
cascading, interlinking, and complex pathways of the immune system are
simultaneously activated releasing numerous products in the right quantity and
qualities which is not, currently, humanly possible to reproduce. Indeed, any
immune response to pathogens is associated with a multitude of cytokine
cascades, which in turn triggers other cascades and a diversity of cellular
responses.
Many more cytokines are upregulated, others downregulated, to varying degrees
throughout the course of treatment; yet, this illustrates the point that individual
immunomodulating cytokines are in fact only one small facet of this complex
immunological response to infection, and correspondingly, tumor regression.
We think this may explain why single cytokine therapy or immune products don’t
give desirable results in cancer therapy, besides being toxic, and at times fatal – it
is due to the unnatural challenge they pose to the human system.
Coley’s toxins at times achieved superior results to those seen in more recent
times with immunotherapy because each of the “Coley’s toxins” was made from
either whole live bacterium (in the beginning) or heat treated, dead bacteria
(later on). In either case it was the collection of elements from whole pathogenic
organisms that induced the curative response.
Another benefit that OVs have over bacteria is that they are much smaller. They
are more readily able to invade the tumor microenvironment, due to their
propensity to pass through human tissues without attenuation, which is often a
major barrier to effective treatment. Not only can they get inside the
microenvironment, they actually infect the cancer cells themselves and thereby
directly kill the cancer cells whereas most bacteria are extracellular and even in
the case of intracellular invasion, bacteria do not have a direct toxic effect on
cancer cells.
In fact, it is now recognized, because protection mechanisms against viral
infection (e.g. interferon‐beta signal pathway) are impaired in the majority of
cancer cells, that most viruses can replicate to a much greater extent in cancer

cells than in normal cells. In addition, immune suppressive cytokines produced
within the malignancy can paradoxically create a tumor microenvironment that
facilitates OV infection.
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Following administration, the OV will infect tumor cells and hijack the cell’s
protein synthesis, promoting the production of viral macromolecules. At the same
time, it will also trigger the expression and recognition of “danger signals.” These
are a consequence of a cascade of signaling events that culminate with the
release of cytokines and damage-associated molecular patterns (DAMPs).
Additionally, OVs cause cancer cell killing by promoting cell lysis, a process known
as oncolysis, followed by the release of infectious viral progeny that spread to
surrounding tumor cells (amplification of oncolysis) - the release of new viral
particles allows continued infection which amplifies the locoregional lytic effect as well as sub products, including viral particles, pathogen-associated molecular
patterns (PAMPs), DAMPs, tumor cell debris, and tumor-associated antigens
(TAAs).

All of these processes contribute to an acute inflamed environment consisting of
activated de novo infiltrating and resident dendritic cells (DCs), macrophages, and
NK cells, among others. These cells can destroy viral-infected tumor cells, release
cytokines that can reduce tumor growth, and pick up viral and tumor antigens
from dying tumor cells for presentation to, and activation of, T cells.
Co-presentation of viral and tumor antigens by individual APCs that have “fed” on
virus-infected tumor lysate greatly increases the probability that tumor-reactive
CTLs recognizing tumor-specific MHC - neoantigenic peptide complexes will be
stimulated in an environment that is rich in helper T cell cytokines (e.g., from
virus-reactive T helper cells), increasing the probability of their amplification,
release, and subsequent trafficking back to sites of tumor growth, the basis of the
systemic tumor responses.
Locoregional activation of the innate immune system by the virus coupled with
antigen release by dying tumor cells creates a favorable microenvironment for
priming of adaptive systemic antitumor immunity capable of regressing tumor at
distant, uninjected sites.
Given OVs ability to directly attack cancer cells while priming the immune system
in a more holistic manner it is easy to see that OVs hold tremendous potential
that exceeds the bounds of not just the ineffective but widely popular checkpoint
inhibitors but other reductionist immunotherapies as well.
At the very least, it is abundantly clear no other single approach could similarly
activate both innate and adaptive immunity by such a combination of
mechanisms, exactly as is needed for the activity of immune coinhibitory
blockade to be effective, and also have the great benefit of clinical activity in its
own right (rather than being merely an adjuvant or adjunct to other approaches).
Cytokines, and individual immune receptor agonists do not have such complex,
synergistic, and prolonged effects. These therapies can be thought of like arming
a portion of the local militia with upgraded weaponry to fight their superior
opponent. Sure, that portion of the militia will be able to fight back a little better,
but not only will they be overwhelmed but given the new weapons with which
they have no training, they are likely to do tremendous harm to themselves as
well.

OVs, on the other hand, are like sending in a heavily armed Special Operations
force into the body. They can not only arm the entire militia; they help train them
and participate in the war itself. The effect is limited friendly fire, a better trained
local militia, and an additional highly trained force to fight the enemy.
The current reductionist immunotherapies suffer from another drawback. Not
only do they not directly kill cancer cells as OVs do, but they also are incapable of
creating a self-reinforcing infection that promotes a continuous immune
response. In particular, the continuous immune response is vital. As Matzinger
says with regards to immunotherapy,
“you need to boost, and boost and keep boosting”.
This is an incredibly crucial and overlooked aspect of immunotherapy that must
be understood if the effectiveness of immunotherapies is to be maximized. If you
don’t keep up the immune stimulus then the pro-inflammatory environment you
initially created will be restored back to its previous anti-inflammatory
environment which actually facilitates the growth of the tumor – this is the
growth side of the morphodynamic regulatory function of the immune system.
Thus, by continuously stimulating a holistic immune response you can help starve
the cancer cells as well.
Unfortunately, this last point is not well understood by the oncology community
and has impacted OV trials. Despite the fact that OVs can perpetuate themselves,
the capacity to do so is still limited and regular dosing still needs to be
maintained. For example, Pexa-Vec (the OV the Korean company SillaJen
Biotherapeutics, Inc) recently failed a phase 3 trial in hepatocellular carcinoma,
we believe, at least in part due to the fact that it was only administered 3 times in
the first four weeks and then never again. On the other hand, the first OV to
approved anywhere, Rigvir, was approved based on a trial that involved the
administration of on average 33 doses over a period of 3 years.
Not only is the prolonged immune stimulation necessary for maintaining a proinflammatory immune reaction but also for the suspension of immune reparative
functions which counters tumor growth. It is well known that immune cells
secrete a wide variety of growth factors (for example, platelet-derived growth
factor, vascular endothelial growth factor-A, -B, -C, -D) that promote growth of
any and all tissues depending on the particular growth factors - cytokines

themselves are actually nothing but a subtype of growth factors. A shift to the
acute inflammatory mode downregulates the production of these pro-tumor
growth factors, which suggests as the data has shown that fever should be
welcomed in the treatment of cancer.
Moreover, by continuously stimulating the immune system with OVs the
development of an immunological memory is more strongly assured. One of the
most notable effects of successful immunotherapy is the long-term survival
achieved in some patients. It is thought that this is due to the formation of
immunological memory against the cancer cells. The immune system remembers
the cancer and provides long-term surveillance and protection against it. OVs’
ability to induce a stronger and longer lasting immune response likely means that
we can expect better long-term survival than would be achieved with other
immunotherapeutics.

Now, at this point, you may be saying, “This all sounds too good to be
true; If this were so, why aren’t there more FDA approved OVs? Where
are all the successful OVs?”
The short answer is that a lack of knowledge that when combined with poor
implementation and insufficient technology led to a lack of success in the clinic.
Fortunately, the folks at BioVex came up with a solution. It’s worth noting that it
is quite rare for us to find a management team that possesses such a
comprehensive understanding of not only the disease they are trying to treat but
the mechanism of action of their therapy as well.
Although the notion of using viruses in cancer therapy was first discovered over 3
millennia ago, little was known about viruses for a long time and more
importantly, they couldn’t adequately be exploited, much less be controlled.
Thus, early interest in viral induced spontaneous remission soon fizzled out. Then
the development of tissue-culture systems and rodent cancer models in the 1940s
and '50s sparked a resurgence of virotherapy research, according to a review in
the journal Nature Biotechnology. By 1952, Moore was already utilizing the
adaptive capacity of viruses to enhance oncolytic activity.
Perturbed, perhaps, by the differing oncolytic activity of a given virus in tumors of
various origins, Moore hypothesized that successive passage of a virus with

known oncolytic activity in a mouse tumor might increase its destructive capacity
for that tumor. Indeed, this was found to be the case, as Russian encephalitis virus
had greater oncolytic activity after 20 – 30 passages in sarcoma 180 tumors than
the parental strain.
Moore had surmised that some progeny of the parental virus would acquire
mutations that could be beneficial to replication specifically in those cells in which
they were propagated. Thus, the era of viral manipulation had begun, even if at
this time viruses themselves were doing the majority of it.
Doctors infected hundreds of cancer patients in clinical trials, exposing them to
the mumps, hepatitis and West Nile. Success varied widely between trials. Some
patients' tumors regressed dramatically and their lives were prolonged. Others
fought off the infection too quickly to reap its benefits, while still other patients
emerged tumor-free, but later fell victim to the virus itself rather than their
cancer.
Ultimately, these viruses were not deemed useful as therapeutics reagents
because, in those days, there was no known method to control the virulence and
yet retain viral replication in cancer cells. Safety was sketchy, success was limited
and many researchers abandoned the field. There followed a slump in reported
clinical trials employing oncolytic viruses, with the number decreasing rather
dramatically in the 1970s and 1980s.
Despite the dearth of efforts to use viruses in cancer therapy over the past fifty
years viruses have been studied with such unparalleled intensity that their biology
is now understood more thoroughly than that of any other organism in nature.
Their genomes and proteins have been sequenced; their physical structures are
known, as are many of the mechanisms whereby their genomes are regulated;
their diversity is recognized; their replication cycles and patho-genetic strategies
have been elucidated.
So, it was that in the 1990s with advances in genetic engineering technology
permitting the further refinement of OVs as anticancer agents that the field OV
immunotherapy could really begin.
Indeed, the modern era of cancer virotherapy started at the middle of 1990s
when genetic engineering technologies were first used to purposely modify

benign viruses such as herpes simplex virus (HSV) to cripple their ability to
replicate in normal cells while allowing their replication in tumor cells.
Unfortunately, though perhaps inevitably, fear of uncontrolled viral infection
hindered early efforts. Multiple mutations were introduced into the viruses that
over-attenuated them to the point that their replication and spread within
tumor tissues was greatly compromised.
And yet, while the types and combinations of modifications made early on were
in error, the manipulation of HSV proved fruitful. As a result of this early research
on HSV it eventually came to pass that the first FDA approved oncolytic virus was
a modified version of HSV-1. This modified HSV-1, now known as T-VEC, and the
science behind it were developed by the very team that founded Replimune.
Specifically, when we say Replimune has taken over where T-VEC left off we mean
that quite literally. Replimune’s management team is essentially the ex-BioVex
management team that developed T-VEC, giving it not only broad expertise and
familiarity with oncolytic immunotherapies, but also success. Replimune’s
Chairman, Robert Coffin, PhD, CEO Philip Astley-Sparke and COO Colin Love, PhD,
were the founders and senior management team of BioVex (which was later
acquired by Amgen), where they invented and developed T-VEC. In addition, Chief
Medical Officer, Howard Kaufman, MD was the Principal Investigator for the TVEC pivotal trial and is a well-known academic in the field of cancer
immunotherapy.
For Replimune’s platform, they chose to use the same family of viruses as T-VEC
but with a few important modifications. While the data Replimune has generated
thus far is limited, we believe that studying T-VEC and its impact on cancer will go
a long way to elucidating Replimune’s future chance of success.

Why of all the viruses was HSV-1 chosen?
While a range of viral species were considered viable development, HSV-1 was
selected for several reasons:
(i)

Its pathogenicity is well established and is restricted mainly to selflimiting local disease with only rare episodes of life-threatening medical
illness in immune-competent adults.

(ii)

(iii)

(iv)

(v)

Effective anti-HSV-1 medications such as acyclovir and famciclovir are
readily available as safety measures in the event of undesired infection
or toxicity from the virus.
Unlike many other viruses that only bind to a single receptor, HSV can
enter cells by binding to one of the four cellular receptors that are
widely expressed on most cell types. As such, the virus has a wide
tropism, and oncolytic viruses derived from it can be applied
therapeutically to many different types of tumors. Indeed, several
strains of HSV-1, including JS-1, 1716, G207, HF10, and NV1020, have
been used to generate oncolytic HSVs and have demonstrated oncolytic
activity against many tumor cell lines. Although there has been some
variability based on viral strain, cell entry receptor expression status,
and possibly other biologic features of tumor cells, nearly all types of
cancer can be infected with HSV-1.
Lytic infection by HSV usually kills target cells much more rapidly than
infection by other viruses. For example, HSV can form visible plaques in
cultured cells in only 2 days, in contrast to 7 to 9 days for
an adenovirus. In vitro studies have also shown that at a multiplicity of
infection (MOI) of 0.01, HSV can kill almost 100% of cultured cancer cells
in 2 days, while a much higher dose or a longer infection time is needed
to achieve equivalent cell killing with a conditionally replicating
adenovirus. Rapid replication and spreading among target cells appear
to be vital properties allowing a virus to execute its full oncolytic
potential in vivo, as the body’s immune mechanism may be more likely
to restrict the spread of slower growing viruses. Moreover, different OVs
kill tumor cells by triggering different cell death pathways with diverse
degrees of immunogenicity and HSV-1 kills mainly by necrosis which is a
highly pro-inflammatory form of cell death, and results in the release of
'alarmins' or 'danger signals' such as heat shock proteins, uric acid, ATP,
DNA, and nuclear proteins that alert and activate the
innate immune system.
A natural side effect of HSV infection is the induction of angiogenesis
and hyperpermeability in infected cells. It has been shown that HSV
infected cells suppress synthesis of extracellular matrix proteins
fibronectin and collagen, as well as the antiangiogenesis factor

thrombospondin. HSV infection also leads to increased expression of
angiogenic vascular endothelial growth factor and extracellular matrix
degrading matrix metalloproteinase-9. Combined with the general
leakiness of tumor vessels, this increase in angiogenesis leads to rapid
infiltration of antiviral immune cells that clear the virus.
(vi) HSV-1 can set up effective long-term latent infections. Indeed, a
theoretical edge over non-herpes OVs in that the natural behavior of
HSV-1, the natural precursor of T-VEC, is to reactivate repeatedly
throughout life, causing significant local tissue damage in the face of a
robust adaptive immune response. Thus, as an in situ vaccine that can
amplify tumor neoantigen-reactive T cells even in the face of preexisting antiviral immunity, HSV-1 seems like a potentially ideal drug to
partner with immune checkpoint antibody therapies.
(vii) oHSV-1 is considered to be relatively safe as it does not integrate into
the host genome unlike adenovirus and thus eliminates the risk of any
insertional mutagenesis in the host genome.
(viii) HSV-1 has a large genome, which can be easily modified and be inserted
with multiple additional transgenes – HSV are more readily “armed”
than other viruses.
Despite these innate attributes that make HSV-1 suitable to oncolytic
transformation it is the process of transformation that is so critical. This is, after
all, why oncolytic viruses weren’t quite feasible in clinical settings until the
development of genetic engineering technologies. Now, obviously, there are a lot
of different routes you can take HSV-1 and not all of them are going to be
ultimately successful. This is likely why despite many attempts only T-VEC has
been approved by the FDA. And yet, T-VEC was first described in 2003 illustrating
how long it can take to develop an OV from start to an FDA approved product.

The Importance and Success of T-VEC:
T-VEC, formerly known as OncoVEX GM-CSF, was originally developed by Robert
Coffin and coworkers, from a clinical isolate of HSV-1 (strain JS1). The rationale for
choosing a fresh clinical isolate instead of a laboratory-maintained virus strain is
that the serial passages of the latter might compromise the lytic capability of the
virus - that its lab-adapted predecessors had been over-attenuated – which as

noted above was an issue with the early OVs. For this reason, T-VEC was derived
from a fresh pathogenic virus isolate obtained from the cold sore of a lab
worker. From this raw clay did they attempt to sculpt a viable OV.
“In T-VEC, the HSV-1 genome has been modified by deletions of 2
copies of the RL1 gene, which encode a neurovirulence factor,
infected cell protein 34.5. In healthy cells, ICP34.5 is required for viral
proliferation through interactions with proliferating cell nuclear
antigen, a protein involved in DNA replication and repair, and
expression results in cellular proliferation, thereby increasing
production of virions.
In cancer cells, however, HSV-1 proliferation does not require ICP34.5
because the malignant cells undergo aberrant proliferation, allowing
for the T-VEC to bypass the proliferating cell nuclear antigen–
dependent mechanism. Thus, deletion of ICP34.5 prevents viral
proliferation within healthy cells, but renders cancer cells susceptible
based on unregulated increased cellular proliferation. This deletion of
ICP34.5 makes the virus less pathogenic, limiting HSV infection of
noncancerous cells, and providing for tumor-selective replication.
In place of the 2 ICP34.5 gene deletions, 2 copies of the human GMCSF genes were inserted to augment immune activation. GM-CSF is a
proinflammatory cytokine that dramatically enhances antiviral and
antitumor responses by recruiting dendritic cells to the site of
infection, promoting antigen presentation and dendritic cell
activation. These effects are thought to stimulate herpes-specific
and tumor antigen–specific T-cell responses recruiting lymphocytes
to sites of active infection.
In addition to the deletion and replacement of ICP34.5, the
viral ICP47 gene has also been deleted from the HSV-1 backbone of TVEC. ICP47, encoded by the US12 gene, limits antigen presentation by
major histocompatibility complex (MHC) class I through blocking
access of intracellular peptides to the transporter associated with the
antigen processing protein. During a normal HSV infection, blocking
antigen presentation with ICP47 allows the virus to evade the

immune response. However, blocking antigen presentation in cancer
cells would limit the antitumor immune response, so ICP47 deletion
from the T-VEC vector allows for presentation of viral and tumor
antigens.
Another benefit of the deletion of ICP47 is that it leads to early
expression of viral US11. In normal cells, the US11 gene product binds
to eIF2α kinase, preventing phosphorylation, and subsequently
inhibits expression of cellular protein kinase R, a critical regulator of
cell proliferation and antiviral responses, which blocks protein
translation and results in abortive apoptosis in an effort to limit viral
propagation. This form of abortive apoptosis limits viral spread and
results in a less immunogenic form of cell death.
In cancer cells, however, the increase in active eIF2α kinase and the
decrease in the overall active cellular protein kinase R levels result in
an increase in viral protein formation and a decrease in apoptosis.
This promotes viral replication within tumor cells and greatly
improves the immunogenicity of T-VEC without decreasing its tumor
selectivity.”
As such, T-VEC was built expressly with the intention of providing “oncolytic
immunotherapy” or an “oncolytic vaccine,” representing the beginning of a trend
that is now the main theme in cancer virotherapy. Initially, T-VEC was tested in
clinical trials as monotherapy, and while this isn’t the ideal usage of OVs, T-VEC
managed to make enough of a difference on its own to warrant FDA approval in
the treatment of melanoma.
The prospective, international, randomized phase 3 OPTiM trial was established
for patients with unresected stage IIIB-IV melanoma with accessible lesions that
were not thought to be surgically resectable. This was an open-label study
comparing intralesional T-VEC (initial dose of 106 PFU followed 3 weeks later by
108 PFU every 2 weeks until CR, toxicity, or confirmed disease progression) with
subcutaneous recombinant GM-CSF (125 mcg/m2 daily for 2 weeks each month
and followed until maximum response, toxicity, or confirmed disease
progression).

The trial was designed to demonstrate an improvement in durable response rate,
which was defined as an objective response by modified World Health
Organization criteria, initiating within 1 year of starting treatment and lasting ≥6
months. This end point was selected to demonstrate response and to include a
time element, which was considered important since the immunotherapy
mechanism suspected for T-VEC could result in clinical progression prior to
regression and clinical benefit may be missed without incorporating an
appropriate time element into the primary end point.
The study met its primary end point, demonstrating an improved durable
response rate (16.3% vs 2.1%) and overall response rate (26.4% vs 5.7%) in
patients treated with T-VEC. The median OS was 23.3 months in the T-VEC arm
versus 18.9 months in the GM-CSF arm (P = .05). The improved durable response
rate and OS were particularly prominent in patients with stage IIIB-IVM1a disease
and those who had not received prior therapy of any type. In fact, 46/50 (92%)
CRs occurred in stage IIIB–IVM1a melanoma. As patients who are later stages
have weaker immune systems, there would be less of an immune response for TVEC to be able to stimulate.
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What needs to be emphasized is that in the patients who respond to T-VEC, the
responses tend to be extremely durable. Once achieved, the median CR duration
was not reached over a median follow-up period of more than 4 years.
Additionally, median OS in these patients was not reached and approximately
90% were estimated to be alive at 5 years without any subsequent treatment.
This is exactly what we would expect from a therapy that promotes a strong
immunological memory of the cancer.
When the immune system is successfully mobilized and targeted towards the
cancer by T-VEC, as in the case of CRs, then the immune system is thereafter put
into a state of long-term surveillance and protection against further recurrence.
In addition, a subset analysis of the OPTiM trial suggested that injected lesions
had a 64% objective response rate compared with 34% for uninjected cutaneous
or subcutaneous lesions and 15% for uninjected visceral disease. CR was seen in
47% of injected lesions, 22% of non-injected non-visceral lesions, and 9% of
visceral lesions. Of the 9% of visceral lesions that responded, 81% were in the
lungs, 15% in the liver, and 4% in the thyroid.
From this data here we can see a distinct systemic effect of T-VEC treatment on
the immune system. Distant, uninfected tumors were affected by the treatment
despite the fact that T-VEC has trouble sticking around in the body after 8 hours
and therefore doesn’t have much success in actually infecting non-local tumors.
The fact that visceral tumors were less affected and that of the visceral tumors
the lungs were most affected also points to the role played by the immune
system. It is well known that the immune system is strongly concentrated at the
environmental interfaces of the organism, e.g., the gastrointestinal tract, the skin,
and the lungs, and therefore immune stimulating activity should have the
significant effects on tumors in these areas. This is likely an important reason why
other forms of immunotherapy have had relatively greater success in these types
of cancers.
Furthermore, T-VEC was shown to be extremely well tolerated. The most
common (98% of all) adverse events (AEs) were grade 2. Specifically, they were
shakes, chills, fatigue and fever and we would argue that these shouldn’t even
qualify as adverse events. These processes are in no way incidental to the
treatment but a vital part of the body’s immune response and its ability to further

fight the cancer. A recent study has shown that patients who experience immunerelated adverse events are more likely to have a response to treatment and that
response was also more meaningful and longer lasting.
Of course, this should not be surprising to anyone who has studied the history,
Coley asserted that fever induction was a key aspect of his treatment. He
observed that a strong febrile reaction was the symptom most associated with
tumor regression. A retrospective study of patients with inoperable soft tissue
sarcomas treated with Coley’s vaccine found a superior five-year survival in
patients whose fevers averaged 38–40˚C, compared with those having little or no
fever (,38˚C) during treatment (60% v 20%).
Uwe Hobohm has recently observed about Coley's Toxins that the following
cascade might explain their effectiveness:
“Fever generates inflammatory factors with co-stimulatory activity,
which activate resting dendritic cells (DC), leading to the activation of
anergic T cells, maybe accomplished by a second process, where a
possible physical damage of cancer cells leads to a sudden supply of
cancer antigens to DC.”
In other words, fever is a state in which body's own antigen recognition
mechanism turns on to such a high level of activity that it becomes capable of
recognizing cancer and microbial invaders. Specialized cells like the dendritic cells
then communicate the identity of the pathogen to lymphocytes to establish active
immunity against stealth diseases.
For example, heat shock proteins (molecular chaperones induced by temperature
variations and other stressors) are a vital part of the immune system. They play
important roles in antigen presentation and cross presentation, activation of
macrophages and lymphocytes, and activation and maturation of dendritic cells.
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Doctors have forgotten (or never learned) that acute disease—disease that is
typically self-limiting and usually accompanied by fever —is the primary way the
body rids itself of unwanted toxins or other substances, cancer included.
Although severe adverse effects must be avoided, a failure to recognize aspects of
the immune response that are critical to disease regression counters the
effectiveness of the treatment. And while OVs are not free of adverse symptoms,
it is crucial to understand that the symptoms arising from this form of treatment
(chills, fever, fatigue, etc) are normal adaptive responses to immune-stimulation
and facilitate disease regression.
Of the remaining grade AEs few remain and the most common was just redness at
the injection site – an indication of immune infiltration. This is good proof of the
benign toxicity nature of well-designed OVs. When you start from the right virus
and engineer it appropriately you can eliminate the risks that many feared in the
past.
Altogether, the findings from this phase 3 trial led to the approval of T-VEC in the
United States and Australia for the local treatment of unresectable cutaneous,
subcutaneous, and nodal lesions in patients with melanoma recurrent after initial
surgery. In Europe, T-VEC was approved for the treatment of stage III and IVM1a
melanoma based on the improvement in OS and response rates in this subset of
patients.

Since then, T-VEC has been employed in clinical settings with results that far
exceed those discussed above. In particular, in a group (26 patients) of early
metastatic (stage IIIB/C‐IVM1a) melanoma patients at the Netherlands Cancer
Institute 16 (61.5%) had a Complete Response (CR) as their best response, Seven
(26.9%) patients had a Partial Response (PR) as their best response, 1 (3.8%)
patient Stable Disease (SD) and 2 (7.7%) patients Progressive Disease (PD). Best
ORR was 88.5%. DCR was 92.3%.
And then, there is the example of the monotherapy T-VEC in the treatment of
Merkel cell carcinoma (MCC), a rare, aggressive malignancy derived from
cutaneous neuroendocrine cells. Historically, metastatic MCC was treated with
chemotherapy. Although objective response rates (ORR) exceeded 50%, median
progression-free survival (PFS) was approximately 3 months with no clear overall
survival benefit. Recent phase II trials of immune checkpoint blockade (ICB) in
advanced MCC targeting PD-1 with pembrolizumab or nivolumab or PD-L1 with
avelumab have shown ORR of 65% in treatment-naïve patients and 40% following
chemotherapy with PFS substantially superior to chemotherapy. However, fewer
than 20% of patients achieve complete responses (CR), and the largest trial
showed 12 months PFS of 30%. These results are obviously wanting. Wanting
what? They didn’t know until they tried an OV.
In a small case sample, four elderly white men with advanced MCC were
administered T-VEC according to the standard dose and schedule for melanoma
into all injectable tumors. Durable CRs were achieved in all 4 patients with a
median PFS of greater than 16 months and no serious adverse events. In
addition to complete regional response of injected tumors, TVEC has also
prevented outgrowth of distant metastases in these high-risk individuals.
And this is just the beginning, however, because, as pointed out above, the real
Pièce de résistance is OVs in combination with immunotherapy. For example, TVEC has demonstrated synergies with Bristol-Myers Squibb’s anti-CTLA-4
monoclonal antibody {MAB} Yervoy (ipilimumab), more than doubling the
response rate in the clinic without showing additional toxicity compared with
ipilumumab alone.
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Likewise, similar synergies have been shown with pembrolizumab. In one study
twenty-one patients with advanced melanoma were treated with T-VEC followed
by combination therapy with pembrolizumab. Again, with the combined therapy,
there were no novel or dose-limiting toxicities in any of the 21 patients. Fatigue,
fevers, and chills were the most common adverse events. The confirmed objective
response rate was 62%, with a complete response rate of 33% whereas PD-1
blockade therapy with pembrolizumab or nivolumab alone leads to an objective
response of approximately 35% to 40% for treatment-naive patients with
metastatic melanoma. Furthermore, there was again signs of systemic effects
with non-injected lesions showing tumor regression.

Figure 7

These results were further bested in yet another study examining this same
combination of T-VEC and anti-PD1 based immunotherapy for unresectable stage
III-IV melanoma.
In this (admittedly small) study, the overall response rate for on-target lesions
was 90%, with 6 patients experiencing a complete response in injected lesions.
Two patients had off-target lesions, which were completely resolved after
treatment.

Figure 8

It’s quite clear now that T-VEC in certain indications is better than standard
immunotherapy drugs. It also works synergistically with these some of these
therapies and has an incredibly safety profile. This is not to say that the therapy is
perfect. If it were, we doubt there’d be a Replimune. There are flaws with T-VEC
to be sure. Flaws that Replimune has sought to overcome or mitigate. And then of
course, there are ways to make the OV even more potent. Why stop with a welltrained soldier with a pistol when you can give a Navy SEAL a bazooka and
machine gun?

RP1, Replimune’s platform:
Accordingly Replimune’s line of OVs are also derived from HSV-1 but whereas TVEC was derived from an HSV-1 virus taken from a cold sore of a lab worker,
Replimune’s line of HSV-1 OVs have been selected to be the most effective after
testing many different clinical HSV strains that were harvested from 29
volunteers. In the beginning, T-VEC was specifically not taken from lab samples
for fear of over attenuation of the lytic capability of the virus and much has been
learned since those early days and Replimune was more able to effectively select
the best strain possible.
“Strain RH018 was chosen as the strain for further development on
the basis that it scored either first or second most effective at cell

killing on each of the cell lines tested. Compared to a representative
‘average’ strain from the screen, RH018 yielded approximately a 10fold increase in cytotoxic potency.”
Once the ideal strain was selected, Replimune then went about the process of
engineering the virus to maximize its efficacy and limit its toxicity. They started
with the exact same modifications made to T-VEC, namely the deletion and
replacement of ICP34.5 and ICP47 as well as the addition of GM-CSF. They then
went beyond this with the addition of a gene encoding a potent fusogenic
protein (GALV-GP-R), intended to enhance tumor killing potency, immunogenic
cell death and the activation of systemic anti-tumor immune responses.
Fusogenic membrane glycoproteins (FMGs) kill cells by fusing them into large
multinucleated syncytia, which die by sequestration of cell nuclei and subsequent
nuclear fusion by a mechanism that is nonapoptotic. Furthermore, the syncytial
formation is accompanied by the induction of immunostimulatory heat shock
proteins, and tumor-associated FMG expression in immunocompetent animals
generated specific antitumor immunity – that is, expression of FMGs is highly
immunogenic.
Replimune’s data shows that FMG transfection is a much more effective (at least
one log more potent) treatment for killing human tumor lines in vitro than
commonly used suicide genes (thymidine kinase or cytosine deaminase).They
have also shown specifically that FMG transfection specifically increased
immunogenic cell death.

Figure 9: source

Figure 10: source

This modified version of HSV-1 thus constitutes RP1, Replimune’s first clinical
candidate. Given what we know of T-VEC and the improvements made upon TVEC to get to RP1 we can predict that RP1 should be the next step in the evolution

of OVs; and while the data thus far is limited it indicates that RP1 is living up to its
theoretical potential.
For example, likely owing to this fusogenic protein modification and to the initial
selection of a different version of HSV-1 RP1 has been shown to survive in the
blood for up to two weeks, rather than the 8 hours that has been shown for TVEC.

Figure 11: source

RP1’s enhanced staying power should enable an increased immune activation
that, given the prolonged presence in the blood, should contribute to an
enhanced systemic immune response. This is due in part to the fact that the
enhanced presence in the blood should allow for distant tumor colonization by
the virus. Perhaps more importantly, however, with the virus remaining present
in the body from one dose to the next there is a constant pressure on the immune
system to stay on the attack. RP1 naturally embodies Matzinger’s immunotherapy
mantra “boost, and boost and keep boosting”.
Now, it should be noted that there is a fine balance between the virus’s ability to
replicate unabated and the ability of the immune system to notice and therefore

inhibit the virus. The anti-viral response itself, as mentioned above, is an
important factor in the anticancer immune activation mechanism of action
common to OVs. The lack of an anti-viral response may be an important reason
why some modern OVs continue to fail in clinical trials. Taking the example again
of Sillajen’s OV, Pexa-vec is derived from the vaccinia virus the genomes of which
encode a multitude of proteins with immunomodulatory functions, several of
which reduce the immunogenicity of these vectors - its inherent capacity to
provoke an anti-viral response is limited.
And yet, as shown in the historical data from the past two hundred years the
successful early cases were attributed to an initial immunosuppressed state that
allowed the virus to proliferate and effectively infect the cancer cells. Hopefully,
Replimune has hit the sweet spot here.
Really, there is no reason to think that RP1 promotes a significantly diminished
anti-viral response compared to T-VEC, despite the prolonged half-life in the
blood. There are only two differences between the two OVs and that is the
specific strain of HSV-1 and the fact that RP1 has been engineered with an added
fusogenic protein.
It’s possible for the two strains to differ somewhat in the anti-viral response they
promote, but it’s not likely to amount to much relative to the difference between
two different species of virus if it exists at all. Furthermore, Replimune specifically
chose this strain of HSV-1 knowing that they needed to generate an immune
response, which leaves the fusogenic protein as the major source of the
difference in the half-life of RP1 in the blood vs T-VEC. It is likely that this genetic
modification has enhanced the direct viral infection and spread of the virus
through the tumor thus allowing for greater overall replication which would
explain the enhanced presence in the blood.
Whatever the matter is there is evidence that RP1 is still strongly immunogenic
from a phase 1 trial of RP1 alone and in combination with nivolumab. This initial
trial involved approximately 36 patients with a range of cancers. In this dose
ranging study 73% of patients developed a fever, which as mentioned above is
emphatically indicative of innate immune activation – exactly what we want to
see, in particular in combination with checkpoint inhibitors. Furthermore, there
was a distinct increase in CD8 T cells, a reversal of T cell exclusion, increased

tumor inflammatory score, and increases in autoimmune B cell responses - all
seen across tumor types – suggestive of broad and long-lasting immune
activation.

Figure 12
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The following slide is from a patient with refractory cutaneous melanoma who
was able to progress with the help of RP1, highlighting RP1’s ability to both attack
the cancer on its own and prime the tumor microenvironment for other therapies
as well – even in refractory cases.

Figure 14

In this patient, shown in the slide below “All tumors flattened after the first dose
of RP1 (1x106 pfu/ml) & extensive edema rapidly reduced”.

Figure 15:

Other refractory melanoma patients saw similar results.

Figure 16:

These two cases presented with tumors that should have been clearly visible to
the immune system – after all they’re startingly visible to the eye. And yet, in both
cases the immune system was incapable of properly recognizing and thereafter
mounting a response against the cancer cell colonies that had spread throughout
the surrounding tissues. Even when the immune system was prodded with
checkpoint inhibitors the response was minimal – the immune system still
couldn’t properly recognize the cancer cells as the dangerous entities that they
were. It was only with the administration of RP1 that the immune system was
finally alerted to the tumors and could start to make a difference. These trial
examples are a clear example of the powerful ability of RP1 to train the immune
system and to work synergistically with checkpoint inhibitors.
In addition, this trial has also helped confirm the theoretical safety of RP1. RP1
was shown to be well tolerated both alone and in combination with nivolumab
with “side effects as expected for each agent alone”. That is, the combination
produced the same side effects one would expect to see from not just
nivolumab alone but RP1 alone. If anything, then, nivolumab related side effects
appeared reduced when taken in combination with RP1.
In the Checkmate 067 trial, 21% of patients on Nivolumab alone experienced a
grade 3 or 4 treatment-related AE. In RP1’s dose escalating trial in combination
with Nivolumab, just 7.1% (1 of the 14) patients experienced a grade 3 SAE and
zero patients experienced a grade 4 SAE.

Figure 17

Cancer therapies are generally known for their toxicity so a therapy that can
actually reduce the toxicity of another therapy is an obvious outright benefit for
the patients but it also suggests as we have previously mentioned the benefits of
engaging the body’s immune system in a holistic approach. When the immune
system is activated as a whole, and not just piecemeal, balance is maintained and
the side effects are minimized while efficacy is maximized. Furthermore, the
safety data suggests that RP1 has the potential for combination with multiple
immunotherapies at the same time.
The other data we have from RP1 as of yet is a small sample size from five CSCC
patients including one from the Phase 1 expansion in combination with Opdivo,
and four from a Phase 2 non-melanoma skin cancer cohort. Initial results in these
CSCC patients showed:
“The first patient achieved a biopsy-confirmed complete response
(CR) of extensive disease of the scalp. Clear tumor flattening was
observed after the first dose of RP1 and prior to the first dose of
Opdivo, prior to the patient ultimately achieving a CR. PD-L1 and CD8

T cell levels were also substantially increased post-treatment as
compared to baseline (this data remains pending for the other
patients).”

Figure 18: source

Note here how RP1 is still able to promote an immune response in a patient even
after said patient was subject to radiotherapy, cisplatin/5FY, and then
electrochemotherapy. This series of ineffective treatments illustrates how
stubborn this case of cancer was but also it would have had the effect of seriously
damaging and thereby limiting the potential capability of the immune system.
With each treatment the immune system would have been weakened and yet
when RP1 was administered it was able to attack the cancer while mounting a
sufficient immune response to more or less completely eradicate the tumors.
“The second patient achieved a partial response (PR) of bulky bilateral disease in the neck, with substantial reduction observed after
the first dose of RP1 and prior to the first dose of Opdivo, including of
the uninjected tumor contralateral to the injection site.”

Figure 19
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We have a similar situation in this patient as with the first one – after a series of
ineffective treatments which would have limited the potential of the immune
system RP1 in combination with a checkpoint inhibitor were able to mount an
immune response sufficient to almost entirely eradicate the tumors. An important
distinction between this patient and the first is the marked reduction in the
injected and un-injected tumors prior to the addition of the checkpoint inhibitor.
RP1 alone was sufficient turn the tables.
“The third patient had extensive and rapidly progressing metastatic
disease and died from disease progression within 6 weeks of starting
therapy.
The fourth patient, also with bulky disease in the neck, had a
substantial reduction after the first RP1 dose, which continued to
reduce following the introduction of Opdivo.

Figure 21

Again, just as with the second patient, a rapid reduction in the tumor was seen
after the first dose of RP1 - before the administration of the checkpoint inhibitor.

The fifth patient, with recurrent bone invasive CSCC of the cheek, had
substantial flattening after the first RP1 dose and has recently
initiated the combination therapy phase with RP1 and Opdivo.”

Figure 22

Same thing goes for this patient. Tumor reduction was noticed after the first dose
of RP1, before a checkpoint inhibitor was administered. The evidence is mounting
that RP1 alone is able to have dramatic anti-tumor effects.
“In summary, five out of six of the patients responded to treatment
and the only one who didn’t had progressed too far by the time
treatment started and subsequently died within six weeks of
treatment initiation (not nearly long enough for the treatment to take
full effect). All five of the still surviving patients continue on
treatment.”
“I have been highly impressed by the initial clinical data in patients
with CSCC treated with RP1,” said Professor Kevin Harrington, PhD, of
The Royal Marsden Hospital in the UK who has treated the majority
of CSCC patients in the trial.

“The clear demonstration of clinical activity in CSCC, particularly the
early and rapid tumor reductions seen in patients with advanced
disease including prior to the addition of Opdivo, combined with the
emerging safety profile, is very encouraging.”
It’s also worth reiterating that CSCC is not only Replimune’s lead indication but is
also the second most common form of skin cancer and is responsible for an
estimated 7,000 deaths each year in the U.S. It currently accounts for
approximately 20% of all skin cancers in the U.S., with the number of newly
diagnosed cases expected to rise annually. This is a big market and yet there’s
only one therapy and it has come up very short. Cemiplimab (a PD-1 checkpoint
inhibitor) is the only approved therapy in the United States and Brazil, and
conditionally approved therapy in the European Union and Canada, for the
treatment of locally advanced or metastatic CSCC.
The size of the indication as well as the limited approved treatment options
makes this a good target for Replimune to aim for. That the sole treatment is a
checkpoint inhibitor makes this even more so, as does the fact that the majority
of tumors are accessible for direct injection, and that T-VEC has already shown
good results in the treatment of skin cancers.
Replimune seems to be taking a very logical approach, first going after "easier"
indications in order to gain regulatory approval and a foothold in the field. This is
to be followed up with increasingly more challenging tumor types in a stair-step,
incremental fashion that may require the more weaponized versions of RP2 and
RP3.
For example, the second indication Replimune is targeting is anti-PD1 refractory
melanoma. This is an indication very similar to CSCC, both in market and
population size (with a conservative estimate of approximately 8,000 US deaths
annually attributable to the disease) as well as location and context, but with the
added difficulty of involved patients who have already failed anti-PD1 therapy.
RP1’s ability to turn on the innate immune system and thus turn “cold” tumors
“hot” bodes well for success in this application.
RP1, however, is only the beginning. Replimune has the next two generations of
its line of OVs locked and ready to go. RP2 is a version of RP1 that in addition to
expressing GALV-GP-R and GM-CSF also expresses a genetically encoded anti-

CTLA-4 antibody intended to block the inhibition of the initiation of immune
response caused by CTLA-4. It is administered directly into the tumor and is thus
designed to mimic the efficacy of Yervoy (Ipilimumab) without the toxicity
associated with systemic administration.

Figure 23

Next comes RP3 which is a further armed oncolytic immuno-gene therapy which
expresses two immune co-stimulatory activating ligands – CD40L and 4-1BBL –
together with anti-CTLA-4 and GALV-GP-R-. CD40L activates CD40, with the goal
of achieving broad activation of both innate and adaptive immunity, and 4-1BBL
activates 4-1BB (CD137), intended to promote the expansion of cellular and
memory immune responses.
Here we can clearly see how HSV-1’s larger genome can really allow it to be
stacked with genetic modifications. Replimune is able to pile on immunotherapy
after immunotherapy into a single package. Each of Replimune’s OVs is quite
literally a pipeline in a product.

We can expect to see further proof of RP1’s efficacy starting this summer from a
handful of different immunotherapy combination studies as well the first results
from RP2’s debut; and RP3 is also scheduled to enter the clinic later this year.

Conclusion:
Ask yourself, can it be a coincidence that immunotherapy is the oldest
documented cancer treatment and that Replimune’s particular method of
immunotherapy focused around infectious agents has been ‘‘rediscovered’’
repeatedly throughout the centuries?
What was true then is only truer now given our increasing technological
sophistication. Immunotherapy is the best cancer treatment we’ve got because it
harnesses the system in organisms that has evolved with cancer in mind. Today
we can engineer infectious agents to be more specific to cancer cells and less
toxic to healthy cells. At the same time, these viruses can be engineered to
directly attack the cancer cells while providing important signals and tools for our
immune system to launch a more effective attack.

The data from T-VEC as well as the early clinical data from RP1 has shown to do all
of the above. While many lack the framework to fully appreciate the RP1’s early
data we hope that our report has gone a long way to bridging this gap.
We believe the company is currently undervalued for success in any of the
indications RP1 is currently targeted in, let alone RP2 and RP3 which offer
potentially even greater promise. Our areas of highest confidence are with RP1 in
skin, bladder, and MSI-H cancers owing to their highly immunological profile, the
low bar of SoC and RP1’s ability to synergize with the standard of care. We think
this synergistic and unique approach will create an opportunity for OVs like RP1 to
become a necessary tool in the majority of cancer treatments.

Figure 24: source

We also recognize that this is at the moment a minority opinion; and that OVs in
general are held in low opinion. We believe that we’ve sufficiently explained for
historical and scientific reasons why this is so and why this old position is not
tenable. With increasing evidence from RP1, RP2 and RP3, we believe more will
come to our side. To paraphrase Jim Grant, “successful investing is having
everyone agree with you… later.” Fortunately, we won’t have to wait long. In the
next 6 months, we are set to get phase 2 data from RP1 in 5 separate trials, as
well as initial data from RP2 and RP3.

