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Renal cell carcinoma (RCC) is a tumor of the
renal epithelium and accounts for 92% of all
primary tumors arising from the kidney. RCC
is distinguished from less common subtypes of
kidney tumors, such as transitional cell carci-
noma of the renal pelvis (796) and Wilm’s cumor
of childhood (1%} 1]. RCC is considered an
immunogenic cancer with documented cases
of spontaneous regression of metastatic lesions
following nephrectomy (2. RCC accounts for
approximately 2-3% of all cancers worldwide,
with the incidence rates being highest in North
America, Scandinavia and western Europe [34].
In the USA, there are expected to be 60,920 new
cases of RCC and 13,120 deaths in 2011 111. "T'he
median age at diagnosis is in the sixth decade
and RCC is rare before the fourth decade excepe
in patients from family clusters or with a known
hereditary predisposition to the disease.
Despite increasing incidence of the disease,
a trend towards improved survival has been
observed in the past four decades, a phenomenon
likely explained by eatlier, incidental detection
of asymptomatic tumors allowing for curative
resection of lower-staged disease [3]. T'he ana-
tomic extent of tumor growth remains the major
determinant of clinical outcome. I'he American
Joint Commirtee on Cancer (AJCC) assesses
the extent of tumor growth and invasion via the
tumor, nodes and metastasis (I'NM} system.
The TNM system defines stage 1 and 11 dis-

ease as tumors less than or greater than 7 ¢cm in

size, respectively, but which are confined to the
kidney. These patients have a 75-90% 5-year
survival rate following nephrectomy. Stage 111
disease is defined by extension of tumor into the
inferior vena cava or renal vein, and is associ-
ated with a 5-year survival of 59-70%. Finally,
stage 1V disease occurs when distant lymph
node or organ metastasis has occurred, at which
point the 5-vear survival rate drops to 20% [s.
Histopathological grade is determined by the
four-tiered Fuhrman nuclear grade, and has been
correlated with 5-year survival rates ranging
from 86-89% (grade 1) to 28-30% (grade IV)
in patients with clear-cell RCC [6]. Clinical fac-
tors negatively associated with survival outcome
include poor performance status and various
hematologic derangements including anemia
and thrombocytosis [7.5].

There are several well-defined risk factors
for the development of RCC. Historically, men
are at about a twofold risk of acquiring RCC
compared with women 3]. Cigarette smoking is
known to be a significant etiological risk factor
for the development of the disease, and increases
its likelihood by neatly twofold z.91. Other asso-
ciated risk factors include obesity, hypertension
[9], use of phenacetin-containing analgesics and
occupational exposure to a variety of chemicals,
including benzene, petroleum oil, asbestos and
vinyl chloride [3.10]. Alchough the genetic basis
of RCC is not fully understood, individuals wich
RCC in first-degree relatives are four-times as
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likely w develop the disease [5]. In general, the
onset of RCC is in most cases sporadic with less
than 3% of cases occurring through a known
hereditary mechanism. An important inherited
cancer syndrome to note is Von Hippel-Lindau
disease (VHLD), an autosomal dominant con-
dition predisposing to tumor development in
multiple organs [11]. The primary components of
VHLD include CNS and retinal hemanginmas,
renal cystic disease and RCC, and pheochromo-
cytoma. In patients with VHLD, RCC remains
the leading the cause of mortality, and develops
in 25—45% of cases.

Histologically, RCC is classified into clear
cell, papillary, chromophobe, sarcomatoid and
collecting duct variants [12]. About 75-85% of
cases are clear-cell adenocarcinoma of proximal
tubular origin [3]. The clear-cell variant is char-
acterized histologically by lipid-rich epithelial
cells with a clear cytoplasmic milieu nestled
within a sinusoid-like, highly vascular archi-
tecture [13). Due w the hypervascular nature of
RCC, gross specimens often contain multiple
areas of hemorrhage and necrosis. Up to 96% of
clear-cell cumors are associated with 3p deletions
in chromosome 3, which results in mutational
inactivation of the Von Hippel-Lindau tumor
supptessor gene. T'his enables the expression of
various hypoxia-inducible gene products impli-
cated in angiogenests, including VEGE, PDGF,
T'GE-ct and erythropoietin [3,13). Papillary and
chromophobe variants are seen in 10-15% and
4-5% of RCC patients, respectively, and are
associated with a more indolent course than that
of clear-cell RCC. Collecting duct RCC is an
exceedingly rare and aggressive variane thart is
associated with transitional cell carcinoma of the
renal pelvis. Sarcomatoid histologic changes may
be seen in any RCC variant, and its presence is
associated with a poor prognosis [14]. In general,
studies have shown that nonclear cell variants
of RCC respond poorly to immunotherapy (15].

Most patients with RCC present variably and,
because of a lack of early warning symptoms at
the onset of the disease, are frequently at an
advanced stage of the disease when diagnosed.
Small tumors confined to the renal parenchyma
are unlikely to cause pronounced systemic effects
and for this reason RCC will tend to remain
undetected until invasive spread or mass effect
caused by tumor growth has occurred. The
classic triad of hemaruria, abdominal pain and
palpable flank mass occurs in less than 1096 of
patients and as such is not a reliable diagnos-
tic indicator [3]. Various endocrine and hema-
tologic symptoms suggestive of paraneoplastic

disease (e.g., anemia, hypercalcemia and fever)
will manifest in less than 5% of patients. Less
than 3% of RCC cases present with bilateral
involvement. Frequent sites of metastasis at the
time of diagnosis include lungs (50-60%), bone
(30—409%), liver (30—40%) and brain {(<5%)
(3]. The early detection of small tumors permits
the greatest chance for a curative resection and,
as of 2004, 57.1% of patients presented with
stage | disease compared with 43% in 1993.
Ar the same time, diagnosis of stage IV disease
decreased from 27.4% of patients o 18.7% [16].
Increasingly, early stage RCC is being detected
via routine imaging performed for other indi-
cations. Both C'I' and MRI confer excellent
diagnostic accuracy in the detection of RCC 17].

"T'he prognosis of metastatic stage 1V disease
has been evaluated in a retrospective study of
670 patients with RCC treated in successive
clinical trials over a 21-year period [7]. "T'he study
conducted by the Memorial Sloan-Kettering
Cancer Center (MSKCC) utilized a multivari-
ate analysis of patient data to associate poor
survival outcome with five pretreatment fac-
tors: low Karnofsky performance status {(<80%};
high lactate dehydrogenase level (>1.5-times
that of the upper limit of normal); high cor-
rected serum calcium level (10 mg/dl); low
serum hemoglobin {less than that of the lower
limit of normal); and absence of prior nephrec-
tomy. These five prognostic factors were used
to stratify RCC patients into one of three risk
groups based on predicted survival: favorable-
risk (no risk factors); intermediate-risk (one or
more risk factors); and poor-risk (three or more
risk factors). 3-year survival rates among the
three groups were 31, 7 and 0%, respectively.
The MSKCC integrated prognostic model has
since been used to reliably predict response to
therapy in patients with RCC, and to determine
eligibility for clinical trials.

Current therapies for RCC

Radical surgical resection of the kidney remains
the mainstay treatment option for early and
locally advanced disease. Spontaneous tumor
regression following radical nephrectomy occurs
in less than 1% of patients with distant metas-
tasis [18]. The use of nephron-sparing surgery is
controversial, but may be considered for patients
with small, localized tumors with preserved
renal function in both unilateral and bilateral
disease, and in whom the surgery is technically
feasible [19]. Lo date, adjuvant therapy of RCC
with radiation or cytotoxic chemotherapy has
not been associated with improved survival ).
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In patients with established metastatic RCC
{mRCC), nephrectomy and external beam radia-
tion therapy are both considered palliative meas-
ures. A small minority may benefit from cyto-
reductive surgery or metastatectomy prior to the
initiation of systemic therapy. In general, mRCC
is known to be highly resistant to systemic
chemotherapeutic, radiotherapeutic and hormo-
nal interventions [3.720]. Prior to the discovery
of targeted therapies, cytokine immunotherapy
with IL-2 or IFN-& was considered the stand-
ard of care for mRCC, with an overall objec-
tive response rate seen in 10-20% of patients
118,20,21]. IL-2 is a cytokine growth factor which
potentiates the maturation and proliferation of
I lymphocytes. High-dose recombinant IL-2 i
effective in mediating the complete regression of
tumors in about 5-9% of patients with mRCC
[22], although therapy must often be performed
at specialized centers capable of managing I1.-2-
related roxicities, such as vascular leak syndrome.
IEN-ot, another immunomodulatory cytokine,
has resulted in a few cases of durable, complete
response in mRCC. IFN-c in combination with
1L-2 has not been shown to improve progres-
sion-free survival (PYS} or overall survival (OS)
compared with IFN-a monotherapy [23).

Insights into the molecular basis of RCC and
results of pivotal clinical trials have focused
much interest in the development of targeted
therapy for mRCC. Tame 1 lists the US FDA-
approved targeted therapies for mRCC as of
June 2011. Both VEGF and PDGEF are growth
factors implicated in tumor angiogenesis and
immune suppression for a variety of cancers,
including RCC. Inactivation of the VAL gene
has been shown to upregulate production of
HIF-I gene expression, leading to increased
VEGY and PDGEF production [11]. An approach
to downregulating VEGE and PDGF activity
by targeting the receptor tyrosine kinases of the
signaling cascade has been achieved through
blocking the intracellular domain of the recep-
tors with small molecule inhibitors or the block-
ade of the interaction of these molecules with
their receptors through the use of monoclonal
antibodies. T'hree orally administered small
molecule tyrosine kinase inhibitors have been
approved by the FDA following completed
Phase III studies for use in clear-cell mRCC:
sunitinib, sorafenib and more recently pazo-
panib. Sunitinib is a first-line tyrosine kinase
inhibitor, which was found to confer improved
PYS compared with IFN-&¢ monotherapy in
patients with favorable or intermediate MSKCC
prognosis RCC [24]. Sorafenib is indicated as a

second-line treatment following failure of first-
line immunotherapy [z5]. Finally, pazopanib was
approved as second-line therapy after objec-
tive tumor responses and improvement in PES
were demonstrated in a Phase 111 scudy [26].
Bevacizumab is a mouse-derived, humanized
monoclonal antibody that binds circulating
VEGYEF, inhibits tumor angiogenesis and has
demonstrated antitumor activity in colorectal
and lung carcinomas. In 2009 bevacizumab was
approved by the FDA for mRCC based on the
results of a large, multicenter Phase 111 study
demonstrating an improvement in median
PF¥S with a combination of bevacizumab and
IEN-ct compared with placebo and IFN-o. In
this study, adverse events associated with IFN-ct
therapy were reported in both groups, while an
increase in grade 3 adverse events associated
with bevacizumab therapy (e.g., C()agul()pathy,
hypertension and proteinuria} contributed
to a higher rate of study withdrawal in the
bevacizumab arm [27].

‘T'he inhibitors of the mT'OR represent a
third strategy whereby production of the H7F-1
gene product is diminished by interfering with
upstream m1'OR signaling. The two agents in
this category, temsirolimus and everolimus, are
both approved for use in mRCC. Temsirolimus
is an intravenous medication that was approved
as a first-line agent after efficacy was confirmed
in a Phase I11 clinical trial which showed signifi-
cant improvement in both PES and OS when
compared with IEN-o 28], Everolimus is an
orally administered m1'OR inhibitor currently
approved for second-line use in mRCC, and
was evaluated in a Phase 111 crossover clinical
trial in patients who had failed VEGY inhibi-
tor therapy. Compared to the placebo arm,
patients who received everolimus demonstrated
an improvement in median PES [29].

Although modest degrees of success have
been seen with the use of targeted therapies
in mRCC, a well-defined treatment paradigm
has not vet been established by the balance of
available evidence. Bevacizumab has shown
efficacy as a first-line treatment in enhancing
the PFS rate when given in combination with
IEN-ct, but its utility as monotherapy has not
been demonstrated [27]. Presently, temsirolimus
is the only targeted therapy shown to have an
S rate significantly greater than [FN-ot alone
[28]. For this reason, an ongping Phase 111 trial of
bevacizumab in combination with temsirolimus
is underway to evaluate the potential synergis-
tic benefit of the two agents in combinational
therapy. Further research is needed to optimize
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Motzer 750
etal (2007)

Sunitinib: 50 mg p.o. for 4 weeks, 11 vs 5 months Not reached [24]
then 2 weeks off (p < 0.001)

IFN-c: 9 MU sc. three-times weekly

Escudier 903 Soragfenib vs

Sunitinib vs IFN-ot

5.5vs 2.8 months 19.3 vs 15.9 months [25]

etal (2007) placebo (p < 0.01) (p=10.02)

Sternberg 435 Pazopanib vs Pazopanib: 800 mg p.c. once daily 9.2 vs 4.2 months Not reached [26]
etal. nlacebo (p < 0.0001)

{2009)

Escudier 649 Bevacizumab with  Bevacizumab: 10 mg/kg iv. daily 10.2 vs 5.4 months  Not reached [27]

et al (2007) IFN-o¢ vs [FN-¢ with

nlacebo

Hudesetal 626 Ternsirolimus alone  Temsirolimus alone: 25 mg iv.

IFN-c: 9 MU sc. three-times weekly (p=0.0001}

Ternsirolimus alone vs  Temsirolimus alone vs [28]

{(2007) {n=209)or weekly IFN-ct alone: 5.5 vs IFN-ct alone: 10.9 vs
temsirolimus with — Temsirolimus with IFN-oi: 15 mgiv. 3.1 months 7.3 months
IFN-et {(n = 210) vs  weekly with 3—6 MU sc. Temsirolimus with Temsirolimus with
IFN-a alone three-times weekly IFN-ct vs IFN-or alone:  IFN-c vs IFN-o0 alone:
{n =207} IFN-ct: 3-9 MU sc. three-times 4.7 vs 3.1 months 8.4 vs 7.3 months
weekly
Motzer 416 Everolimus vs Everolimus: 5 mg p.o. twice daily 4.6 months vs Not reached (29]
et al. placebo 1.8 months
(2008) (p < 0.0001)
Amato 733 TroVax® vs placebo  TroVax: 1 x 10° TCID, /ml im. N/A 20.1vs 19.2 months (73]

et al (2010} with concurrent
low-dose IL-2,

IFN-e or sunitini

(o = 0.55)

im.: intramuscular, .. intravenous, MU Millior units, N/A: Not applicable;, 05! Overall survival, p.o.. Per arem, sc.: Subcutaneous, TTP: Time to pragressian.

the effectiveness of approved targeted therapies
in combination with cytokines and other novel
immunotherapeutic moieties.

Rationale for TroVax® vaccine
development

T'he concept that the immune system is capa-
ble of producing an antitumor response was
first proposed over 100 years ago [30]. Through
recent advances in molecular bi()l()gy, imimu-
nology and cancer genetics, the molecular
and cellular basis for tumor recognition and
eradication by the immune system is becoming
better understood. A complex feedback system
exists between tumors and the host immune
system. In the 1950s, Burnet and ‘I'homas pos-
tulated that lymphocytes in circulation sought
out malignant cells to enable their removal in
a process known as immunosurveillance [31].
‘This paradigm has since been well established
in murine models using conditional knock-
outs. An updated theory of immunosurveil-
lance proposed by Schreiber and Old has been
incorporated into a so-called ‘immunoediting’
model in which tumor cells expressing highly

immunogenic antigens are recognized by the
innate immune system and lysed during an
‘elimination’ stage [32]. Release of intracellular
contents into circulation enhances the activ-
ity of the adaptive arm of the immune system;
this results in furcher tumor cell killing and
the inadvertent selection of nonimmunogenic
tumor cell variants. Tumor cell evasion from
immune effector cells may occur through sev-
eral proposed mechanisms, including antigen
loss and MHC class I downregulation by tumor
cells [33,34], potentiation of immunosuppres-
sion through selective cytokine release [35] and
increased local and systemic proliferation of
Tregs [36]. Over time, a stage of ‘equilibrium’
is reached when rumor eradication is balanced
by tumor growth. When the majority of tumeor
cell variants can no longer be recognized by
the immune system, tumor ‘escape’ occurs and
cancer becomes clinically apparent.

Effective antitumor immunity requires rec-
ognition of transformed tumor cells by the
immune system. Studies in "I-cell and IFN-y
knockout mice suggested that tumor immu-
nosurveillance is dependent on effector ' cells.
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T'his has implications for tumor immuno-
therapy and, hence, mobilization of an effec-
tor -cell population has been the primary goal
for tumor immunotherapy [37]. Specifically, the
role of CD8™ cytotoxic "I lymphocytes (C'1'Ls)
has received the most atrention because rec-
ognition of MHC class I-restricted epitopes
by C'1'Ls is expected to resule in direct lysis
of tumor cells. Recent evidence, however,
has also highlighted the importance of CD4-
" helper cells in enhancing antitcumor immu-
nity. C34" 1" helper cells can be classified into
subset populations based on their cytokine
expression patterns and function [38]. Thl
cells generally produce IL-2 and IFN-y and
help generate CD8 I-cell responses whereas
Th2 cells produce 1L-4, IL-5, 1L-10 and help
generate B-cell responses and antibody pro-
duction. Another recently described CD4-
“I'-cell subset is the T'h17 cell which produces
IL-17 and mediates dendritic cell recruitment
and release of inflammatory mediators within
the tumor microenvironment [33]. While the
specific roles of these cells in tumor immunity
is not fully elucidated, several mechanisms of
tumor escape have been well described. Tumor
cells that downregulate MHC class 1 or tumor
antigen expression may naturally escape C1'L
recognition and the absence of costimulation
may induce 1-cell tolerance. Local production
of suppressive cytokines, such as IL-10, TGF-p
and VEGE, also help promote peripheral 1™-cell
tolerance.

B cells define the humoral arm of the adap-
tive immune system and may also act as antigen
presenting cells (APCs). Upon terminal differ-
entiation into plasma cells, they are capable of
secreting antibodies which then potentiate target
cell removal through a variety of means, includ-
ing opsonization, activation of the complement
system and by facilitating antibody-dependent
cellular cytotoxicity by NK cells. However, while

cancer patients very often develop high antibody
titers against tumor-associated antigens (1A As),

this phenomenon has not been heretofore cor-
related with active protection against cancer.
Moreover, recent studies have shown that B cells
may depress CUL function through CD40-
dependent inhibition of Thl responses [4041].
Aleernatively, B cells may enhance antitumor
immunity by acting as APCs or by providing
costimulatory signals to 'L’ cells [42).

‘Iregs are a population of immunosuppressive
lymphocytes which normally serve to maintain
peripheral tolerance and prevent the develop-
ment of autoimmune disease in healthy individ-
uvals. For immunotherapy, however, they repre-
sent a theorerical barrier that must be overcome
in order to stimulate effective immune effector
responses against tumors. Lregs are a subset of
CD4- 1" cells which express CD25 (1L-2Ra,
the ct-subunit of the IL-2 receptor) and which
express high levels of the transcription factor
FoxP3 [43). IL-2 appears to play a critical role
in mediating the suppressive function of Lregs.
In a murine model, adoptive cell transfer of
self-/tumor-specific CTLs into wild-type mice
resulted in absence of tumor killing, whereas
in IL-2Ra-deficient mice robust tumor killing
activity was observed [44]. A recent Phase II,
single-site clinical trial of 16 patients with met
astatic melanoma receiving recombinant 1L-2/
diphtheria toxin conjugate (DAB/IL2) dem-
onstrated partial to near-complete regression
of metastartic lesions in five individuals. DAB/
IL2 produced a transient depletion of Ireg and
I-effector cell populations, and upon 1-cell
repopulation several patients had developed
melanoma antigen-specific CD8™ "Icell popu-
lations [45]. In another study, adminiscration
of high-dose IL-2 to patients with metastatic
melanoma or mRCC resulted in decreased Ireg
populations in a subset of patients who were
observed to have objective clinical responses to
therapy [45]. As the current b()dy of evidence sug-
gests, removal of these immunosuppressive Lregs
in vivo might be expected to enhance the overall
potency of immune-based therapies for cancer.

EphA2 Receptor tyrosine kinase  High HLA-A2 HLA-DR4 [48]

5T4 Oncofetal High {clear and HLA-AT, -A2, -A3, -cw7, -B7  HLA-DR4 [4,51]
papillary cell)

RAG E 1 .................. Cam Ce Hesﬂs .................. .LOW. (<2 %) ................. Va HOUS .............................. Varlous ...................... [52]

NY-ESO-1 Cancer-testis Low HLA-A2, -A31 HLA-DP4 (53]
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T'he existence of T'AAs was inidally demon-
strated by murine studies in which proliferation
of reinnoculated rtumor cells was inhibited in
mice immunized against both chemically and
virally induced tumors [47]. An ideal TAA suit-
able for cancer vaccine development should bear
the following characteristics: potent immuno-
genicity; constitutively present in tumor cells
but not to any appreciable extent in normal cells;
and having an inherent function that is linked
to tumor progression or survival, While numer-
ous antigens have been characterized across a
range of tumor types, RCC has had relatively

few defined TAAs. Tasr2 lists the characteristics
of several defined antigens in RCC [48-33].

The cell surface antigen 51% is a 72 kDa
N-glycosylated transmembrane protein initially
discovered on placental trophoblasts but not found
on adult human and murine cells [so,51]. 514 is not
cleaved from the cell surface and therefore is not
found in the peripheral circulation; this anrigenic
property is expected to enhance both antibody-
dependent cellular cytotoxicity against the tumor
cell and the generation of ' -cell epitopes via intrac-
ellular degradation of fulllength 514 113). 514 has
been identified in various solid tumors including
gastric, ovarian, colorectal and clear-cell and papil-
lary RCC [54). Along with its restricted expression
profile, it is suitable as a target for vaccine therapy
given its apparent function in mediating tumor
adhesion and metastasis (53); indeed, a high level of
514 expression is associated with a poor prognosis
in metastatic colorectal, gastric, ovarian and non-
small-cell lung adenocarcinoma [s6). Moreover,
cells eranstected with cDNA encoding 514 dem-
onstrated increased motility and altered cell divi-
sion behavior, further supporting its role in tumor
invasion and progression [54]. In studies of healthy
human subjects, clonal expansion of 5T4-specific
CD4+ and CD8- "I cell populations were induced
via cross-priming with autologous dendritic cells
transfected with a viral vector containing the 514
antigen [5758].

Modified vaccinia Ankara (MVA) is a highly
attenuated, replication-defective strain of the vac-
cinia virus developed by multple passages of vac-
cinia virus in tissue culeure [13]. MVA has under-
gone extensive testing in a large-scale smallpox
vaccination study of 120,000 individuals; among
individuals who were at high risk for developing
vaccinia-related complications, adverse events
related to MVA were not observed [39]. Moreover,
owing to its large dsDNA genome, which ranks
largest among mammalian viruses, vaccinia has
proven to be a suitable vector for expressing large
eukaryotic transgenes within a single viral vector
[60]. MVA is additionally capable of enhancing
the immunogenicity of its transgenes by virwe of
the inflammatory nature of the poxvirus proteins
[61]. T'hese qualities make MVA an ideal vehicle
for vaccine delivery. IroVax was generated as an
MVA vector engineered to express 514. Fieuns 1
shows the possible mechanisms by which lroVax
might generate 7z zéivo immune response against
tumor cells.

Preclinical development of TroVax
Thﬂ Safﬂty proﬁle aﬂd thﬂfapeutic efﬁcacy Of
‘ItoVax have been validated in preclinical studies
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utilizing murine models. In one such study, MVA
vectors expressing both the human (MVA-hS14)
and the murine (MVA-m514) analogs of 514
were constructed and inoculated into mice to
simulate pulmonary metastases [6z). No evi-
dence of autoimmune toxicity was observed in
the mice. Delayed or absent growth activity of a
self-antigen tumor model was observed in mice
immunized with MVA-m514 compared with
control groups. Furthermore, inoculation with
MVA-h514 resulted in regression of established
h514 pulmonary nedules [s2].

In another study, mice inoculated with vary-
ing doses of lroVax were observed to have a
significant degree of antitumor protection that
persisted for up to 6 months on subsequent chal-
lenge with a syngeneic tumor line C'126 express-
ing human 514, Quantitative antibocdy responses
determined by ELISA assay positively correlated
tumor protection with high 514 antibody titers.
The investigators found that mice receiving the
highest viral inoculate had developed the highest
514 antibody titers, and in turn were also found
to have the best protection against tumor chal-
lengt:. In the same study, mice depleted of CD4-
I cells demonstrated continued tumor growth
f()ll()wing 1'roVax administration, while CD8-
"I-cell-depleted mice did not demonstrate cumor
suppression. On passive transfer of 5T4 -specific
antibodies to mice with pre-existing lung (umors,
there was an overall reduction in tumor burden
(53], From the results of this study, the investigators
concluded that the mechanism of tumor rejection
following TroVax is CD4- I-cell dependent and
antibody-mediated in mice.

A 10 amino acid HLA-Cw7-restricted epitope
of 5T4 had been initially identified in a study of
healthy subjects randomly screened for CD8-
"I-cell activity against 514. IFN-y secretion by
CD8- 1" cells was detectable via ELISPOL assay
when cultured with a 10-mer peptide fragment
of 514, The study subsequently showed that
priming of CD8 1" cells with dendritic cells
presenting the 51'4 10-mer peptide enabled rec-
ognition of autologous target cells expressing
endogenous 514 [¢4]. A later study also validated
the existence of HLA-A2-restricted 5’14 epitopes
that could be used to expand CU'L in vitro [49].
Another study had successfully demonserated
clonal expansion of 5T4-specific CD4- "1’ cells
following depletion of CD25 Iregs. In this
study, a 5'14-derived 15-mer peptide was rec-
ognized by the T-cell clones in an HLA-DR4-
restricted manner [s8]. Lhus, the discovery of
HIL A-restricted 514 epitopes capable of induc-
ing clonal expansion of CL'L and 1" helper cell

populations has provided a sound theoretical
basis for the use of ItoVax in therapeutic cancer
immunotherapy.

Early phase clinical data with TroVax

An open-label, Phase I/11 clinical erial evaluating
the safety of IroVax in patients with advanced
colorectal cancer was completed in 2005 [ss).
The study cohort consisted of 22 immuno-
competent adult patients with late-stage color-
ectal cancer who had been stabilized on first-line
chemotherapy; this inclusion criteria was chosen
to reflect the minimal lead time needed for any
patient to generate an immune response, a period
not otherwise afforded to patients with rapidly
progressive disease, and who would otherwise be
candidates for initiation of second-line chemo-
therapy. Patients were placed into four groups
and were given a series of three doses of T'roVax
via intramuscular (im.) injection at either che
1%, 5x or 10x doses (defined as 5 x 107 pfu,
1 x 10 pfu and 2.5 x 10* pfu, respectively} over
an 8-week period. The fourth group of patients
was given the vaccine via intradermal {id.)
injection three-times in 8 weeks at the 2x dose.
TroVax was well tolerated in all groups and no
serious adverse events were reported; grade 1-2
erythema at the injection site in the id. group
was the most frequently reported event.

The immune response tw lroVax admin-
istration was gauged by measuring serum
514-specific antibody responses by ELISA
assay and 514-specific CD4- T-cell activ-
ity was assessed by L-cell proliferation assay.
In total, 14 patients developed 5T4-specific
antibody titers. "I'he I-cell proliferation assay
demonstrated 5T4-specific proliferative activ-
ity in eight patients following two administra-
tions of TroVax. A dose escalation effect was
not observed among the 1x, 5x and 10x doses,
nor was an improved immune response seen in
the id. administration cohort. However, earlier
induction of 5T4-specific T-cell proliferation
activity was observed in the 10x dose group.
Therefore, the optimal dosing and adminisera-
tion route selected for later studies was the 10x
im. dose. On retrospective analysis of the study
data, an increase in the 5T4-specific antibody
response was cotrelated with increased time o
progression and overall patient survival [ss).

Subsequent Phase I1 studies of 1roVax in colo-
rectal cancer patients were conducted following
the establishment of Phase | safety data [s5-53].
"Iwo open-label Phase 11 studies evaluated I toVax
in combination with cytotoxic chemotherapy on
the premise that chemotherapy mighe bolster the
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efficacy of TroVax through a variety of mecha-
nisms, including increased antigen cross-presen-
tation, elimination of immunosuppressive cells
and nonspecific activation of APCs [s9]. LToVax
was administered before, during, and after treat-
ment with 5-fluorouracil, leucovorin and oxali-
platin (FOLFOX regimen) [s7] or $-fluorouracil,
leucovorin and irinotecan (FOLFIRI regimen)
[68]. No adverse events attributable to "1 roVax were
observed in either study. 5T4-specific humoral
and cellular responses were induced post-treat-
ment in all evaluable patients in both studies. T'he
studies found that I1oVax/FOLYOX induced
complete or partal response in six of 11 patients
(54.5%), while 1toVax/FOLFIRI induced com-
plete or partial response in seven of 19 patients
(36.8%), with an additional five patients achiev-
ing stable disease. Overall, the studies supported
the use of T'roVax as an adjuvant treatment o
chemotherapy-responsive colorectal cancer.

"I roVax was evaluated in men with hormone-
refractory prostate cancer. In an open-label
Phase 11 clinical trial of 27 patients who had
failed androgen deprivation and chemotherapy
regimens’. 1ToVax at the 10x dose was adminis-
tered via the im. route alone or in combination
with adjuvant GM-CSF given as 250 pg/m* by
subcutaneous {sc.) injection [70]. A single dose of
‘ItoVax was administered on days 2, 13, 30, 41
and 58, with three booster injections being given
every 28 days until week 21, then every 56 days
until the 45th week. GM-CSF was given every
14 days in a 28-day cycle for a year’s duraton. No
serious adverse outcomes attributable to lroVax
were reported, and all 24 evaluable patients in the
study developed 5 T4 -specific antibody responses;
there was no appreciable difference in the rate
of humoral responses between the monotherapy
versus combined ‘1 toVax/GM-CSFE arms follow-
ing the second vaccination. Cellular response was
determined by IEN-v ELISPO'L" assay, wherein
38% of patients had positive reactions to the con-
trol peptide pool postvaccination. Retrospective
analysis showed a significant improvement in
the time to progression in patients with docu-
mented cellular responses. "I'he addition of adju-
vant GM-CSF did not significantly enhance

immunological responses [70].

Clinical trials of TroVax in RCC

A total of five trials have been completed to date
evaluating the safety and efficacy of TroVax in
patients with mRCC. These include one Phase 1/11
trial and three Phase 11 trials which weighed the
benefits of TroVax in combination with cytokine
therapy. A large multi-insticutional, randomized

prospective Phase 111 trial of 733 padents has also
been completed (see Tavie 3 for a summary of these
dlinical trials). As with the aforementioned studies
in colorectal and prostate cancer, I roVax was well
olerated, with few serious adverse events being
reported throughout the studies.

"I'toVax in combination with low-dose I1L-2
was evaluated in a Phase I study of 25 patients
with mRCC [71]. All patients received 1roVax
at the 10x im. dose and then IL-2. Each 5-day
1L-2 cycle was repeated every 8 weeks; cycle
one consisted of 250,000 U/kg/day sc. injec-
tion followed by 125,000 U/kg/day in subse-
quent cycles. A total of six cycles was completed
with up to three additional cycles being given
if the patient showed an objective response as
determined by standard Response Evaluation
Criteria in Solid Tumor (RECIST) guidelines.
I'here were no vaccine-related adverse events
reported in this study. A total of 21 patients
developed 5T4-specific antibody titers following
one or more vaccinations with 1roVax. Five of
11 patients evaluable for cellular response were
positive for 5T4 -specific T-cell activity via IEN-y
ELISPOT assay. A complete dlinical response
which exceeded 24 months was observed in two
patients, and a partial response which exceeded
12 months was seen in one patient. Of note, these
three patients had above-the-median 5T4 -specific
antibody responses following three vaccinations.
"I'he median PES for all patients was 3.37 months
(range: 1.50-24.76 months), and the OS§ was
12.87 months (range: 1.90-24.76 months}. A ret-
rospective analysis of the data found that patients
with above-the-median 5T4 -specific antibody tit-
ers had significantly increased PFS (p = 0.02)and
OS (p = 0.04).

A subsequent study of 1roVax administered
with high—dose 11.-2 was evaluated in a Phase 11,
open-label trial [72]. "To evaluate the potential syn-
ergy of TroVax with high—dose 11-2, 25 patients
with advanced RCC were given TToVax at the
10x im. dose every 3 weeks. A 5-day cycle
of 600,000 U/kg/day 11.-2 was started after
the second and third 'IroVax immunization,
and was continued for one additional cycle in
responding patients. No serious adverse events
attributed to 1 toVax were seen in this study, and
expected side effects related to high-dose 11L.-2
administration were reported. All 25 patients
developed 514-specific antibodies by ELISA
assay. Of the 23 patients with evaluable cellular
responses, 13 (57%) showed ST4-specific CD8-
"I-cell responses measured by IFN-y ELISPOT
assay. Clinical responses determined by standard
RECIST criteria were not observed in this study;
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however, three patients were rendered disease-
free following surgical resection. Stable disease
was seen in 12 patients and was associated with
an increased 5T4-specific CD8" "I-cell response
{p = 0.015). Moreover, patients with progressive
disease exhibited post-treatment increases of
CD4-CD25 FoxP3- lregs, while patients with
stable disease demonstrated decreased Lreg levels.

T'wo clinical trials have been completed to
evaluate IroVax in combination with TFN-o
administration. The first of these clinical trials
was a Phase 11 study of 28 patients with advanced
RCC who were treated with 1roVax monotherapy
{n = 13) or in combination with IFN-a (n = 15)
[73]. ToVax was given to all patients at the 10x
im. dose on weeks 1, 3, 6,9, 17, 28, 33 and 41.
IEN-o was given by sc. administration to the
combination group at the & million U/day three-
times weekly for firsc week, followed by 9 mil-
lion U/day three-times weekly for the subsequent
weeks. No serious adverse events attributable to
"I'toVax were reported in this study. Humoral and
cellular immune response were evaluable in 23 of
the study participants, of whom 21 (84%) demon-
strated 5 T4-specific antibody responses post-treat-
ment, and 7 (33%) demonstrated 5T4-specific
T-cell responses by ELISPOYL" assay. Patients
in the IroVax plus IFN-o arm tended o have
higher 5T4-specific antibody responses, while
those in the 1toVax alone arm tended o develop
higher 5T4-specific cellular responses. Clinically,
the addition of IFN-o was not associated with
significant benefits in PFS or OS.

"The second study evaluating 1roVax in com-
bination with IEN-ot was a smaller Phase 1/
11 open-label trial which enrolled 11 patients
with advanced RCC [74]. L'he aim of the study
was to assess the safety and immunogenicity
of TtoVax when administered in combination
with ITFN-o. Patients received lroVax at the
10x im. dose on weeks 1, 3, 6,9, 17, 28, 33 and
41. IFN-o was administered at the 3 million
Ufday sc. three-times weekly dose for the first
week, and then at the 9 million U/day sc. dose
for subsequent weeks. No serious adverse events
ateributable o ‘I'roVax were reported. Of the 11
study participants, all mounted 5T4-specific
antibody responses, and five (45%) exhibited
5'T4-specific T-cell responses. Objective response
as determined by RECIST criteria were not seen
in the course of this study, although the median
time to progression was noted to be 9 months
for papillary RCC patients (range: 2.1-26+
months} and 10.4 months for clear cell patients
{range: 3.9-26+ months), in both cases longer
compared with IFN-ct monotherapy.

[71]
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T'he completed Phase 11 trials of "IroVax have
heretofore confirmed the safety profile in RCC
and demonstrated a trend towards improved clin-
ical benefit in patients with mRCC. A significant
survival benefit was particularly seen in patients
who had received concomitant 11.-2 adminis-
tration. Furthermore, the majority of patients
had developed 5T4-specific antibody titers post-
treatment, and a subset of patients also developed
5T4-specific cellular responses. Overall, these
findings supported further evaluation of TroVax
for RCC in the Phase 111 setting,

A Phase 111 wial designated TRIS’T was initi-
ated in 2006. 'I'RIST was an international mul-
ticenter, randomized, prospective trial that evalu-
ated the efficacy of TroVax in adult patients with
good-to-intermediate prognosis mRCC receiv-
ing standard-of-care treatments 7). A total of
733 patients with metastatic or locally advanced
clear cell RCC were recruited for the scudy, and in
a double-blind manner randomized 1:1 to LtoVax
or placebo combined with physician-assigned low-
dose1L-2, IEN-ct or sunitinib. Primary study end
point was defined as OS. Secondary end points
included PFS, objective response rate and safety.
Patients randomized to the 1 toVax treatment arm
received vaccinations at the 1 x 10° ’I*CIDinl'ml
im. dose during weelks 1, 3,6, 9, 13, 17, 21, 25,
33, 41, 49, 57 and 65. Placebo was administered
in an idendcal manner. A rotal of 365 patients
received "1roVax and 368 received placebo. First-
line standard-of-care treatment was determined
by local practice guidelines (physician preference):
a total of 170 patients received low-dose IL-2 at
the 250,000 Ufkg/day (upper limit 22 million
U per dose) five-times weekly sc. dose during the
first cycle, followed by 125,000 U/kg/day (upper
limir 11 million units per dose) five-times weekly
in succeeding cvcles; 371 patients received IFN-ot
sc. three-times weekly with doses ranging from
9 to 18 million units per dose; and 184 patients
received sunitinib 50 mg p.o. daily on a schedule
of 4 weeks on and 2 weeks off. Overall, there were
no serious adverse events reported in either the
‘IroVax or placebo arms related to vaccination.

Following an interim review by the Drata Safety
Monitoring Board (DSMB) in July 2008, T'RIST
was terminated when it was determined that the
primary end point of OS could not be reasonably
met [75]. At the time of the study’s termination,
the median time on the study was 6 months, and
study participants had received a median of eight
‘ItoVax/placebo injections in combination with
low-dose 1L-2 or IEN-ct and seven injections in
combination with sunirinib. Survival dara was
censored to March 2009 to enable a median

follow-up time of 12.9 months. The median O8
for the I toVax arm was 20.1 months and for the
placebo arm 19.2 months (HR: 1.07; 95% ClI:
0.86-1.32; p = 0.55). Retrospective subset analysis
of the data revealed a positive association between
high 5T4-specific antibody titers and enhanced
survival in the lroVax group compared with the
placebo group. While the T'RIST scudy was not
powered to assess survival differences between
treatment groups, it was found that patients with
favorable prognoses {as determined by MSKCC
risk grade} and treated with IroVax plus low-
dose 1L-2 had better outcomes than those who
received placebo plus low-dose 1L-2 (HR: 0.54;
95% CI: 0.30-0.98; p = 0.046). A similar effect
could not be observed in patients with MSKCC
intermediate prognosis scores, and these patients
wete found to additionally have an elevated inci-
dence of thrombocytosis. On further exploratory
analysis, lower baseline platelet levels were associ-
ated with higher 5T4-specific antibody titers and
improved survival {p = 0.04) [7¢].

Biomarkers associated with TroVax
respoense

Data gathered from the Phase /11 wrials of 1roVax
in RCC established a strong association between
5T4-specific antibody response and enhanced sur-
vival. Although the TRIST study was terminated
after it failed w reach the primary end point of
improved OS, in a prospectively planned analysis
of the data a positive correlation between high
5T4-specific antibody titers and OS was found.
It was not known at the time of the study’s imple-
mentation which pretreatment factors contributed
to the clinical benefit seen in patients. While it
may simply be that enrolling healthier patients
with robust immune systems could lead to better
responses © 1roVax, the TRIS’T study did not
identify a relationship between MSKCC good
prognosis and increased 5T4-specific antibody
titers. Predictive biomarkers would be of substan-
tial benefit in patient selection and in monitor-
ing objective responses o immunotherapy. Such
biomarkers could include baseline patient factors
as well as serum and genomic markers.

In a retrospective analysis of the I'RIST scudy
data, a predictive criteria designated the immune
response surtogate (IRS) was constructed by
means of evaluating partients’ baseline hemarolog-
ical, immunological, demographic and other can-
cer-associated variables [77]. Only those individual
variables which related significantly to eventual
5T4-specific quantitative antibody responses as
determined by ELISA assay were retained in
the model. I'he variables that reached statistical

36

tmmunotherapy (2012) 4(1)

fee

future science group



TroVax® vaccine therapy for renal cell carcinoma

significance included baseline 514 antibody level,
hemoglobin level and hematocrit. While each of
these variables was independently associated with
clinical responses on univariate analysis, it was
noted that the sign associated with hemarocrit
was negative in the IRS. "I'his indicates that fora
given level of hemoglobin, therapeutic response is
negatively associated with hematocrir.

The 1RS was constructed as a linear regres-
sion model of the above variables, and applied
towards T'RIS’T" data. Based on hazard ratio
analyses, the IRS was determined to be a strong
prognostic factor for survival in TroVax-treated
patients {p < 0.0001) and weakly prognostic in
the placebo group (p = 0.05). Because of the
observed correlation of the IRS with survival
benefit in patients receiving the vaccine, the
investigators noted that IroVax must exert a
degree of therapeutic activity in patients with
RCC; otherwise, no difference in hazard ratios
between treatment and placebo groups would
have been seen.

When the IRS was retrospectively applied to
an independent dataset consisting of 108 patients
extracted from the Phase /11 1toVax trials in
renal, colorectal and prostate cancer, it was
found to be positively associated with both quan-
titative 5’14 antibody response and OS [77). It is
also of note that this study demonstrated a lack
of asignificant correlation between quantitative
anti-MVA antibody titers and survival, which
supports the hypothesis that response to TroVax
is not simply a consequence of better overall
patient health. In comparison with MSKCC
risk criteria, the IRS does appear to hold more
prognostic value in predicting clinical responses
specific to TroVax (see Ficure 2). Similar trends
berween the patient IRS and clinical responses
were seen in clinical trials of T'roVax in colorec-
tal and prostate cancer patients. Lhere is a need
w prospectively validate the urilicy of the IRS
before it can gain widespread use in the evalua-
tion of anticancer therapies in RCC and perhaps
other tumors.

Assessment of the TRIST study

T'here are a number of explanations to explain
why the TRIST study failed to demonstrate
improved survival in RCC. First, the approach
to patient selection may not have been opti-
mized at the onset of the study, as no predictive
biomarkers were in place to predict the degree
of benefit that could be derived from TroVax
therapy. Phase 11 studies had suggested that
TroVax in combination with 1L-2 might ben-
efit patients with good baseline performance

parameters. 1'his was pardally supported by
the retrospective subset analysis of TRIST
data demonstrating improved survival in RCC
patients treated with 1toVax and low-dose IL-2.
The observations gleaned from the unplanned
subset analysis should be validated in a future
prospective study.

The kinetics of antitumor responses with
T'roVax are not fully known at this time. If
indeed early immunobiochemical changes
and delayed clinical responses are features of
active immunotherapy, then assessment of
outcomes by RECIST criteria alone would
not be sufficient in evaluating the therapeutic
benefit of these treatment modalities [78]. In
fact, the recently FDA-approved ipilimumab
for metastatic melanoma had, in its Phase 111
trial design, eschewed reliance on conventional
tumor response criteria to allow ipilimumab to
achieve improved survival rates when measured
at later time points [79]. Lherefore, in future
studies of I'roVax, particular attention should
be directed towards establishing end points that
allow for sufficient time to pass before sepa-
ration of Kaplan—Meier survival curves may
occur [80].

A second underlying problem lies in the
unclear mechanisms by which "IroVax induces
antitumor immunity. Across all studies, TroVax
had been shown to induce 5T4-specific antibody
titers, while cytotoxic CD8- -cell responses
have been less consistently seen and were in
many cases transient. A better understanding
of whether the activity of ItoVax favors the
humoral or cellular arms of adaptive immunicy
would thus aid in the design of future trials.
The presence of lregs in the tumor microenvi-
ronment presents another barrier to therapeutic
efficacy. The optimal dosing of [L-2 and its role
in mediating the immunosuppressive activity of
Tregs will require further study. Furthermore,
given that the majority of enrolled patients in
the TRIST study came from eastern European
sites, it 15 not known what local rrearment
paradigms or epigenetic factors across different
populations with RCC might have affected the
response to "|toVax therapy.

A third set of factors involves a lack of knowl-
edge about the optimal dosing and scheduling
of 1'roVax vaccinations and booster administra-
tions. T'he 10x im. dose was derived from an
eatly-phase study of IroVax in colorectal can-
cer and was nelther specific nor optimized for
use in RCC and the T'RIST crial. Compared to
colorectal cancer, RCC may require additional
boosters of IToVax spaced closer together to
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produce a durable clinical response. Likewise,

more booster administrations may be needed
on an ongoing basis as a large number of
patients throughout Phase 11 studies of RCC
had developed stable disease. Again, this may
also be suggestive of a delayed therapeutic
response to 1roVax. Finally, the concurrent
administration of 11.-2, IEN-& or sunitinib at
variable doses was based on physician prefer-
ence and did not derive from a standardized
protocol. Although Phase 11 RCC studies have
evaluated cytokine therapies with ItoVax, no
such studies have been conducted on the safety
and efficacy of sunictinib wicth TroVax. This

could have significantly altered outcome data.

Conclusion & future perspective

A possible direction for future studies involv-
ing IroVax might involve combination therapy
with other immunomodulatory agents. The
data generated thus far suggests a potential
benefit of TroVax when administered with 11.-2
[71-72,75]. While the potential clinical benefit was
suggested from nonrandomized Phase 11 trial
results and subset analysis of the Phase 111 trial,
further prospective, randomized studies evalu-
ating IroVaxwith high-dose 1L-2 are justified.
Another strategy would be t consider combi-
nations with anti-C'I'LA-4 and/or anti-PD-1
monoclonal antibodies. Cytotoxic I -lymphocyte
antigen-4 (CTLA-4) is an immunomodu-
latory molecule preferentially expressed by
CD4-CD25 FoxP3~ I'regs and acts w suppress
‘I-cell proliferation. Blockade of C'I'LA-4 has

been shown to interfere with I'reg function [s1].
PD-1 is a negative costimulatory molecule that
both depresses I-cell effector and proliferative
functions and promotes ‘Lreg expansion [32]. A
recent study implementing the dual blockade of
CTLA-4 and PD-1 demonstrated high rates of
tumor-specific T-cell activity against melanoma
lesions compared with blockade of either mole-
cule alone [#3]. Next, blockade of umor-released
factors including IL-10, VEGE and T'GF-f may
also increase vaccine efficacy via modulation of
tumor escape mechanisms [84.83]. Finally, toll-
like recepror agonists may further enhance 1-cell
and NX cell responses, enhancing the activity of
both innate and adaptive arms of the immune
system against the tumor [gs].

A study has reported the presence of a novel
subset of neoplastic cells expressing the mesen-
chymal stem cell marker CI3105 in patients with
RCC 57, These progenitor cells are thought to
initiate the tumorigenic process through the
release of paracrine mediators termed micro-
vesicles. In a recent murine study, investiga-
tors isolated microvesicles from CD105 cell
suspension samples and found that in zive
implantation into severe combined immuno-
deficient mice triggered angiogenic activation
of previously implanted human epithelial cells
[¢8]. Given the potential role of microvesicles in
enhancing tumor vascularization and metasta-
sis in RCC, it would be of value to study the
interaction of IroVax in mediating the release
and function of the microvesicles in the tumor
microenvironment.
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In conclusion, MVA-5'14 {1 toVax) is a recom-
binant viral vector expressing the TAA 514,
developed for the purpose of inducing active
antitumor immunity. The safety of TroVax has
been well documented in numerous preclinical
murine models and subsequent clinical trials
of patients with colorectal, renal and prostate
cancers. Phase 1T trials of 1toVax had demon-
strated the induction of 5T4-specific antibody
responses in the majority of patients, and in
select crials chis finding was correlated with
enhanced survival. On the basis of promising
Phase 1T trial resules, a Phase 11T trial in RCC
designated TRIS'T was carried out. Ultimately,
I'RIS'L was terminated when it was found that
the primary efficacy end point of OS could not
be reasonably met. To optimize future stud-
ies of IroVax in renal cell and other applicable

not associated with improved survival.

the disease.

Surgical resection is the mainstay of treatment for early renal cell carcinoma. Adj

cancers, a number of improvements could be
envisioned. Hirst, particular attention should be
given towards better patient selection by uriliz-
ing predictive biomarkers such as the IRS prior
to patient enrollment. Second, with respect to
the delayed kinetics of immunotherapy, appro-
priate primary end points of efficacy should be
developed and protocols for dosing and vaccina-
tion/boosting schedules should be optimized.
Third, combinational therapies or concurrent
administration of TroVax with immune adju-
vants, including high- or low-dose 1L-2, cos-
timulatory molecules, and "loll-like receptor
agonists should be evaluated in subsequent scud-
ies of "LroVax. Finally, continued research into
the immunosuppressive dynamics of the tumor
microenvironment could provide new strategies

in enhancing the therapeutic benefit of TroVax,

= |L-2 has been a standard of care for metastatic renal cell carcinoma (MRCC) and suggests that the immune systermn can be used to treat

= Targeted molecular therapies are also available for first- and second-line applications in mRCC.

uvant therapy with radiation and chemotherapy are

= Trovax® (MVA-5T4} is a modified vaccinia virus Anakar encoding the 5T4 tumor-associated antigen, which is present on the surface of
RCC cells.

= TroVax has been assocdiated with protection against tumors by enhancing antibody and CD4+ T-cell functicns of the immune system in
murine medels, although the mechanism of tumcr rejection in cancer patients remains speculative.

= The safety profile and efficacy of TroVax has been validated in preclinical murine studies,

= HLA-restricted epitopes of 5T4 were isolated and could be used to expand 5T4-specific T cells in vivo. Depletion of Tregs enhanced this
effect.

= Phase | and Il studies with TroVax in colorectal and prostate cancer demonstrated that TroVax was well tolerated and had a promising
efficacy profile.

= Five trials of TroVax in mRCC have been completed to date and TroVax was well tolergted across all studies.

= A clinical benefit was suggested in patients treated with combination TroVax and IL-2 therapy in two Phase |l trials and in a subset of
patients treated on a Phase Il study.

= The Phase lll, double-blinded trial of TroVax in 733 patients with mRCC (TRIST) was carried out to assess the efficacy of TroVax versus
placebo when used in addition to low-dose I11-2, IFN-o or sunitinib selected by physician preference.

= TRIST was halted after the predefined primary efficacy end point of increased overall survival could not be reasonably met by the
timeframe set by the study.

= An immune response surrogate was constructed via a retrospective analysis of the TRIST data. Baseline 5T4 antibody level, hemoglobin
level and hemacrit comprise the immune response surrogate, which was shown to be highly predictive of therapeutic response across
all TroVax clinical trials.

= The TRIST study might have benefited from better patient selection, optimization of dosing parameters, tighter control of concurrent
standard-of-care treatments, and readjustment of primary end points to better reflect the novel kinetics of tumor immunotherapy.

= A subset of patients treated with TroVax and concurrent low-dose 1L-2 were found to have improved survival. This observation warrants

further study of this combination regimen or with other strategies that overcome local immunosuppression.
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