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SUMMARY

Immunotherapies have long been used to treat urological cancers but rarely lead to
cure. Recent success of immune checkpoint inhibition has led to a resurgence of
enthusiasm for immunotherapy in solid tumours. Increased understanding of tumour
immune biology, technological advancements of gene transfer and cell culture as well
improved clinical infrastructures for routine delivery of cell products has made cell
based immunotherapies an enticing and real prospect. These scientific and clinical
activities, attempting to exploit the innate and adaptive immune systems for therapeutic
gain, are well exemplified by the urological malignancies of renal, bladder, prostate
and penile cancer, a group of anatomically localised diseases, each with distinct
biology and therefore different immunotherapeutic challenges. Results of clinical
studies of autologous cellular therapies in urological malignancies are presented,
along with the rationale for upcoming studies, and how novel therapies and adoptive

cell combinations can be utilised for personalised cancer therapy.



INTRODUCTION

The immune system has evolved to protect the host from infections and from cancer.
Following the recent discovery of therapeutically beneficial immune checkpoint
inhibitors, there is a real belief that immunotherapy will be transformative for cancer.
Immune mediated treatment strategies may be considered as cell based or non-cell
based with cell based strategies being developed to exploit the main immune cell

repertoires (Table 1)

Harnessing the anti-cancer activity of the immune system has been an ambition since
the 1890s, when William Coley witnessed a patient with sarcoma have a complete
remission following Streptococcus pyogenes infection. Coley went on to use bacterial
innoculations to treat cancer patients.! leading to the use of Calmette-Guerin (BCG)
as a cancer immunotherapy, which remains a standard of care for superficial bladder
today. The first report of successful cell based (adoptive cell therapy, ACT) in humans
was nearly 100 years later where administration of autologous lymphokine activated
killer cells (non-T, non-B cells extracted from peripheral blood) demonstrated notable
tumour responses.? Most recently, it has been demonstrated in a patient with colorectal
cancer that ex-vivo expansion and re-infusion of their KRAS G12D mutant CD8+ T

cells can lead to clinically significant remission of metastatic disease.?

The use and development of cell based adoptive immunotherapies has gained traction
as a result of 3 main factors: 1) significant insights into the biology of immune oncology,
2) the ability to enrich for and expand specific immune cells and 3) development of an
infrastructure for the delivery of cellular products to patients in a reproducible and
quality assured manner. For this review of cell based therapies, we have selected
urological malignancies as an exemplar — in particular, prostate, bladder, renal and
penile cancer. We will describe the new biological insights that are driving the
development of cellular therapy for each tumour type and present the resulting clinical

investigations and forward projections.

INNATE IMMUNITY

Dendritic cells



Dendritic cells may be considered as natural adjuvants to anti-tumour immunity (for
review see 4). They represent approximately 0.4% of peripheral blood mononuclear
cells,’ and are divided into two major subsets: myeloid (often referred to as
conventional DCs) and plasmacytoid based on their tissue expression and cell surface
markers. Immature DCs are able to take up exogenous antigens from blood and tissue
via a number of processes including Fcy receptor Il mediated uptake,
macropinocytosis and mannose receptor-mediated uptake. Following antigen capture
the DCs migrate to the draining lymph nodes, and in the presence of infection or
necrosis they mature to cells equipped for T-cell activation, upregulating major
histocompatibility factor (MHC) and co-signaling molecules such as CD40 and B7.
Three main strategies have been applied to utilize DCs as anticancer therapies, ex-
vivo antigenic peptide loading followed by autologous infusion of the conditioned DCs,
gene modification of dendritic in vivo through the use of recombinant viruses or ex-vivo
genetic engineering for antigen presentation with or without enhanced co-signaling.
Here we focus on the antigen/peptide loaded dendritic cell therapy as this is the most

clinically developed in urological malignancies.

Dendritic cell therapies

The most studied dendritic cell therapy is sipuleucel-T, that involves the modification
of autologous dendritic cells from peripheral blood monocytes (PBMC) by ex-vivo
pulsation with GM-CSF linked prostatic acid phosphatase peptide, a tumour-derived
peptide. The stimulated cells are then re-infused back into the patient where they
activate anti-tumour T cells and promote tumour cell kiling. The double blind,
randomised phase lll clinical trial, in 512 patients with metastatic castration-resistant
prostate cancer (nCRPC) demonstrated a 4.1 months benefit in overall survival with
manageable toxicities of fever, headache and chills.® The Food and Drug
Administration (FDA) approval of sipuleucel-T followed in 2010, the first adoptive cell
therapy approved for any type of cancer. However, sipuleucel-T has not been
universally adopted due to difficulties in routine manufacture of the product, concerns
about possible negative impact of the repeated leukapheresis alone in the control arm
of the study and that it failed to meet the studies original co-primary endpoint of
improved time to objective disease progression and time to disease related pain.
However, lack of progression free survival (PFS) despite overall survival (OS) benefit
has now been replicated in other immunotherapy studies,” and may be due in part to
significantly delayed treatment responses and difficulties in accurately evaluating

radiological progression in prostate cancer. As a result, sipuleucel-T is now under



investigation in numerous combination trials in prostate cancer (see combination

section).

Lapuleucel-T (DN24-02, Neuvenge) is also a dendritic cell based vaccine that has
been tested for Her2 positive urothelial carcinoma using the same antigen delivery
platform as for sipuleucel-T. The PBMCs are instead pulsed with GM-CSF linked
recombinant Her2 peptide. Bladder cancer frequently has activating mutations of Her2
which confer poor clinical outcomes.? A phase |l trial of adjuvant lapuleucel-T therapy
in high risk muscle invasive HER2/neu positive (HER2/neu tissue expression =21+ by
immunohistochemistry) urothelial bladder cancer failed to demonstrate a statistically
significant difference in overall or disease free survival. However, patients with a lower
disease burden and no prior neoadjuvant chemotherapy were found to have a trend

towards improved survival.®

As an alternative to recombinant peptide loading, Podrazil et al pulsed immature
autologous DCs with irradiated LNCaP prostate cancer cells (DCVAC/PCa), prior to
maturation with poly I:C and then subcutaneous administration to the patient. The
injections were repeated up to 10 times, were preceded by 7 days of metronomic
cyclophosphamide and initially co-administered with 6 cycles of docetaxel
chemotherapy. This regimen led to a decrease in immunosuppressive regulatory T-
cells (Treg) that may account for an overall survival well above historical controls (19
vs 11.8 months).”® This preparation is currently being tested in the phase Il VIABLE
study (NCT02111577).

In metastatic renal cancer (MRCC), there are several studies testing genetic
modification of DCs ex-vivo before autologous infusion. In a phase 2 study of dendritic
cells that were transfected with amplified tumour RNA and synthetic CD40L RNA in
combination with sunitinib, 9/21 patients with intermediate to poor risk mMRCC had a
partial response." Notably in this study that closed to recruitment early due to
insufficient complete responses, survival was associated with absolute
effector/memory T-cell number after 5 cycles of treatment suggesting that immune
modulation is governing the clinical outcome. Furthermore, a phase Il trial of AGS-
003 (an autologous dendritic cell vaccine) combined with Sunitinib in patients with
metastatic clear cell RCC has completed enroliment and results are awaited
(NCT01582672).



It is important however, to recognise that DC activation may not always result in anti-
tumour immunity, indeed it has been shown that DC activation via the
asialoglycoprotein receptor leads to the formation of IL-10 producing CD4+ suppressor
cells which could in fact have a detrimental effect on the anti-tumour immune

response.'?

Although not an adoptive therapy, the successes of in vivo vaccination strategies in
urological malignancies supports the ongoing development of autologus dendritic
cells. It is important therefore to briefly mention vaccine therapies giving an exemplar
for each of prostate cancer, bladder cancer and renal cancer. ProstVAC is an
engineered poxvirus containing PSA and three immune-enhancing co-stimulatory
molecules, LFA-3, ICAM-1 and B7.1. The vaccine is injected subcutaneously into the
patient, resulting in PSA epitope presentation on dendritic cells (and somatic cells)
promoting an anti-tumour T-cell response. Updated analysis of the randomised phase
II' study conducted in 125 patients with mCRPC demonstrated a 9.9 month
improvement in overall survival compared to the control (26.2 vs 16.3 months;HR 0.5,
p=0.0019). This clinically relevant result has led to a phase Ill randomised study which
has now completed accrual and the results are awaited.”™ In mRCC, phase | and I
studies of IMA901, a multipeptide vaccine of tumour associated antigens,
demonstrated good tolerability and in patients that mounted a CD8+ specific T-cell

response to >1 peptides there was an association with prolonged survival.™

Following
on from the promising findings of this phase Il study, a phase Il study of vaccine in
combination with sunitinib was performed but with disappointing results (see
combination section). Similar to the IMA901 study, but in previously treated metastatic
bladder cancer (mBC), S-288310, a HLA-A*24 restricted 2-peptide vaccine was tested
as a monotherapy in 27 patients and led to a disease control rate of 56.3%, a
radiological partial response rate of 6.3% and a prolonged overall survival in patients
that demonstrated T-cell induction to both peptides'. Given the activity signal of S-
288310 in mBC, 5-peptides vaccines have been developed and are being tested in

phase I/ll studies and combination studies are planned.

Identifying individualized neoantigens in improving dendritic cell therapies

Tumour antigens that are shared between individuals are referred to as tumour
associated antigens (TAAs). These are self-antigens that are differentially expressed
in tumour compared to normal tissue but are also expressed in the thymus resulting in

central tolerance; deletion of the highly reactive T-cell repertoire and development of



suppressive Treg cells. A clue to how to circumvent this immune tolerance and
potentially generate improved dendritic cell vaccination strategies has recently been
informed by two separate strands of immunotherapy research — tumour infiltrating
lymphocytes (TILs) and immune checkpoint blockade. In melanoma patients
responding to TIL therapy, it was shown that there was a clonal expansion in
individualized neoantigen reactive T-cells rather than the TAA reactive T-cells.
Similarly, patients who were responding to anti-CTLA-4 or PD-1 inhibition were found
to have high mutational burden, high neoepitope load and again expansion in
neoantigen reactive T-cells.'®'® The clonal nature of somatic mutations impacts upon
the clonality of neoantigens; mutations present in all tumour regions give rise to clonal
neoantigens whereas mutations that are restricted to specific tumour regions give rise
to sub-clonal neoantigens. The Swanton and Quezada laboratories have
demonstrated, using clinical trial data sets, increased responsiveness to anti-CTLA-4
and anti-PD-1 in metastatic melanoma and NSCLC respectively in tumours enriched

for clonal neoantigens.'®

These discoveries were heavily reliant on a number of technological advancements.
Firstly, this was only possible due to the ability to perform massively parallel
sequencing on tumour samples. Secondly, the bioinformatics has developed such that
using individual patients’ tumour somatic nucleotide variation (SNV) datasets
combined with the patient specific HLA genotype, it is possible to predict which

neoantigens may be strongly bound to patient specific MHC class 1."”

Finally, in order
to validate these predictions, assays have been optimised using recombinant peptides
corresponding to the predicted neoantigens that are bound to patient specific synthetic
MHC multimers. TILs are incubated with fluorescently labelled MHC/peptide multimers
and can be sorted using flow cytometry. The TILs that are strongly bound to the
MHC/peptide may be collected and undergo further functional validation. This
approach is being taken forward by a number of commercial ventures, particularly to
identify neoantigens suitable for dendritic therapy but also for selected TIL therapy
(see TIL section). This individualised therapy clearly has economic and logistical
hurdles and the bioinformatics predictions currently work less well for MHC class Il
epitopes. However, it is an exciting direction for immunotherapy that heralds much

promise.

Natural Killer Cell based immunotherapy



Similar to dendritic cells, natural killer cells form an integral component of the innate
immune system comprising about 10% of all lymphocytes in peripheral blood (for
review see ?°). Primed NK cells are able to interact with and kill stressed cells, such as
virally infected or tumour cells, without prior sensitisation. NK cell recognition occurs
either by loss of inhibitory signals, such as MHC class 1 interaction with NK receptors,
or tumour cell upregulation of NK-cell activating ligands such as haemagglutinin and
cytomegalovirus. NK mediated kiling may be via exocytosis induced cell lysis or

Tumour Necrosis Factor (TNF) related apoptosis.

In order for NK cell function, there must be a priming signal, for example the interaction

12" Tumours cells

between CD2 on the NK-cell and its ligand CD15 on the tumour cel
that lack the CD15 priming molecule, such as the androgen resistant prostate cancer
cell line DU145 may still undergo NK cell induced lysis if the NK cells are pre-incubated
ex-vivo with a CD15+ tumour cell line, highlighting the importance of CD15 for NK cell
anti-tumoural activity. This priming strategy was applied to NK-cells from haploidentical
donors in a phase 1 study of 7 patients with Acute Myeloid Leukaemia. The study
demonstrated good tolerability and led to 4/7 anti-leukaemic responses including 1
complete response lasting for more than 1 year.?? Studies utilising primed NK-cells in
prostate cancer are planned. Furthermore, the role of bortezomib in combination with
autologous NK adoptive cellular therapy is currently being investigated in patients with
prostate cancer (NCT00720785). Of note, the rationale for this trial design is based on
promising pre-clinical data demonstrating that bortezomib-induced upregulation of
TNF related apoptosis induced ligand (TRAIL) receptor on the DU145 prostate cancer
cell line led to enhanced NK-cell mediated cytotoxicity.?® In patients with advanced
renal cancer, several phase | trials of ex vivo expanded allogeneic NK-92 cells, an

immortalised NK-cell line, have already reported effective anti-tumour activity.?*

ADAPTIVE IMMUNITY

The anti-tumour activity of adoptive cell therapy in human cancer was first recognised
by Southam and colleagues who performed subcutaneous auto-transplants of
advanced solid tumours with and without leukocytes. Inhibition of tumour growth was
seen in half of the 41 patients co-inoculated with tumour and leucocytes.® The
transplantation field have helped to define that T-cells are key effectors of the anti-
tumour activity,?® and the potential of T-cell therapy to have specific, deep and durable

responses has led to great enthusiasm for adoptive T-cell therapy. There are two main



strategies of adoptive T-cell therapy — use of native anti-tumour T-cells or lymphocytes

engineered to target the tumour.

Native Anti-tumour T-cells

Tumour infiltrating lymphocytes (TILs)

Most cells, including cancer cells, use intracellular antigen presentation machinery to
display self and non-self peptides bound to major histocompatibility complex 1 (MHC1)
on their cell surface. Interaction between o T cell receptor on T-cells and MHC/non-
self peptides along with a co-stimulatory signal leads to immune activation. Tumours
are commonly infiltrated by T cells directed against TAAs and neoantigens. Extraction
of these TILs, ex-vivo expansion and re-infusion into the patients as an anti-cancer
therapy (Figure 1), was first demonstrated at the National Cancer Institute in the
1980s.%" Since then, different lymphodepleting preconditioning regimens have been
used between centres including non-myeloablative cyclophosphamide and fludarabine
chemotherapy or the addition of total body irradiation as a myeloablative approach.
Intravenous IL-2, at low, intermediate or high dose, is generally administered post TIL

infusion,? with a view to enhancing TIL proliferation, survival and effector function.

Effective ex-vivo expansion of the TIL population is critical for successful TIL
reconstitution. The most important reagent for ex-vivo TIL expansion has been IL-2,
but now a cocktail of activating factors are commonly employed. This includes the use
of anti-CD3 (OKT3),%° anti-CD28,* and allogeneic feeder cells such as irradiated
PBMCs from healthy donors.

Once extracted, there is a balance between the number of expanded TILs needed for
successful reconstitution and the effector activity that declines with successive
passaging. TILs may be functionally selected based on their ability to induce cytokine
production or tumour cell lysis following in vitro incubation with autologous tumour
cells. More recently, a number of groups have selected TILs based on their ability to

bind predicted tumour neoantigens, the so called neoantigen reactive T-cells.?®

Engineered Anti-tumour T cells

In many situations, a strategy using native T cells is not possible either due to

insufficient biopsy material or more fundamentally due to lack of infiltrating



lymphocytes within the tumour. To overcome these limitations, strategies that use
genetic modification to confer specificity to effector cells have been developed. Here,
peripheral blood T-cells are modified ex-vivo to express a receptor which re-directs
them to a tumour antigen. There are two main strategies of genetic modification utilized
(Figure 2): introduction of a gene coding for chimeric antigen receptor (CAR), which
are antibody-based receptors, or introduction of genes coding for regular T-cell
receptors. The genetic modification is typically achieved using an integrating vector
such as a retroviral or lentiviral vector enabling a permanent modification that is

propagated to the progeny of the cell product.

Chimeric Antigen Receptor T cells (CARs)

CARs graft the specificity of a monoclonal antibody (mAb) onto a T-cell. In a typical
configuration, CARs are artificial type | transmembrane proteins with an amino-
terminal extracellular domain, and carboxy-terminal intracellular domain. The
extracellular domain contains an antigen binding domain, typically composed of a mAb
derived single-chain variable fragment (scFv). The intracellular domain contains
portions of T-cell signalling proteins. Hence, binding of the CAR to its cognate antigen
results in activation of the T-cell. The main advantage of CARs over TCRs is that they
recognize antigen in an HLA un-restricted fashion.®' In addition, CARs are not
restricted to proteins but can recognize glycosylation variants and non-protein antigens

providing they are expressed on the cell surface.®?

Early CARs transmitted only an activation signal upon antigen recognition. These so
called “first generation” CARs directed T-cell mediated killing, but CARs failed to
proliferate and survive after antigen encounter. Perhaps unsurprisingly, clinical studies
with first generation CARs were disappointing, characterized by low-level short-lived
engraftment and fleeting responses.®** Incorporation of co-stimulatory signalling
components along with activating signals resulted in CARs that transmitted killing,
proliferation and survival signals to the expressing T-cells.*** These second- and
third-generation CARs in contrast, have shown improved ability to engraft and expand

3 When administered after lymphodepleting chemotherapy, 2™

within patients.
generation CARs directed against CD19 have shown remarkable activity in refractory
B-cell cancers (for review see *) with durable responses that correlated with the
persistence of CARs.* CD19 CAR T-cell therapy will rapidly become the standard-of-
care in refractory B-cell malignancies, with licensed cell products expected this year

for diffuse-large B-cell Lymphoma and paediatric B-ALL.



CARs developments are also closely allied to more advanced cellular engineering
which aim to improve the safety and performance of the engineered T-cell.*> These
engineering strategies include; 1) suicide genes which allow selective depletion of
CARs in the face of unacceptable toxicity, 2) payload release, where a cytokine
payload such as IL-12 is selectively delivered into the tumour microenvironment, 3) co-
expression of chemokine receptors that direct T-cell migration to the tumour bed, 4)
Advanced CAR design that allows targeting of patterns of antigen expression
increasing the ability to discriminate tumour from normal tissues and 5) split CAR
designs that allow CAR T-cells to be “remotely controlled” by small molecule
pharmaceuticals. In addition, genome editing technologies have been applied to CAR
T-cells to knock out the endogenous TCRs, preventing the recognition of non-self
antigens, enabling “off-the-shelf” allogenic CAR T-cells to be given without causing

graft-versus host disease.

The next challenge for CAR T-cell therapy is to deliver efficacy in solid tumours. To
date, no convincing clinical data exists in solid tumours, although relatively little clinical
development has been performed in this area. Bringing CAR-T-cell therapy to
urological malignancies requires overcoming several challenges. These include
identification of suitable targets with minimal expression on normal tissue, the
prevention of tumour immune escape and the facilitation of sufficient and persistent T

cell infiltration into the tumour microenvironment.334!

T Cell Receptor gene transfer

TCRs direct the activity of T-cells to peptide/MHC complexes on target cells. Individual
TCRs are composed of a single alpha chain linked to a beta chain by a disulphide
bond, each with a variable and constant region. An alternative to engineering T-cells
with genes coding for a CAR, is engineering with genes coding for a tumour-specific
TCR. The main advantage of this approach is the ability to not only target membrane-
bound antigen, but to also interrogate tumours for intracellular antigens. The main
disadvantage is that TCRs are MHC-restricted and are typically developed targeting
antigen in the context of HLA-A2 which makes this form of treatment available for

approximately half of the population.

The generation of tumour specific TCRs has been achieved in several ways including

immunisation of transgenic mice expressing HLA with peptides found in human



cancers leading to a tumour antigen specific T cell response,* identification of TCRs
from patients, and by phage display. There have been some encouraging results of
adoptive cellular therapy utilising T cells harbouring genetically modified TCRs, but

initial studies were 15 years ago and progress has been slow so far.***

Prostate-specific membrane antigen

Prostate-specific membrane antigen (PMSA; also known as glutamate
carboxypeptidase 2) is a type Il membrane protein most highly expressed on prostate
cancer cells but also expressed in renal proximal tubule, type Il astrocytes, and
endothelial cells.*®*® Therefore, PSMA CAR T cells may have a dual anti-cancer action
by directly targeting the prostate adenocarcinoma and the endothelium lined tumour
vasculature. Two phase 1 trials of PSMA CAR-T cells have demonstrated tolerability
and some activity (Table 2). The first study in 5 patients with mCRPC used a first
generation PSMA CAR-T cell with chemotherapy pre-conditioning and continuous low
dose IL-2.*° Two patients achieved a partial response with 50% and 70% serum
prostate specific antigen (PSA) declines and delays of up to 150 days in PSA
progression. Using a second generation PSMA CAR T cell, containing a ganciclovir
induced suicide gene, in patients with chemotherapy pre-conditioning and no use of
IL-2, there were two of seven patients with stable disease for more than 16 months,
although no objective responses.* This activity has led the investigators at Memorial
Sloan Kettering to pursue another phase 1 trial of this construct that is currently in
accrual (NCT01140373). Although the trial with the first generation CAR T cell had a
higher response rate, the responses were more durable with the second generation
CAR. It is not possible to discern the relative impact of first versus second generation
CAR T cells directly due to the under-powered single arm study, as well as the impact

of pre-conditioning with IL-2 therapy versus chemotherapy.

Carboxy-anhydrase IX

Carboxy-anhydrase-IX (CAIX) is frequently overexpressed on clear cell renal cell
carcinoma (RCC) but also at low levels on bile duct epithelial cells. 12 patients with
CAlX-expressing metastatic RCC were treated with a first-generation CAR targeting
CAIX but the this led to significant liver toxicity requiring termination of the study.®' To
prevent this toxicity, 4 patients were pre-treated with an anti-CAIX antibody and while

this prevented the liver toxicity, there were no clinical responses demonstrated.



However, CAIX is still being pursued as a target for adoptive dendritic cell therapy (see

dendritic cell section).

HPV-16 E6

High-risk human papillomavirus (HPV) associated cancers include cervical, head and
neck and penile cancer. In fact, approximately 30% of penile cancers test positive for
HPV providing an obvious TAA for T-cell therapy targeting. Treatment with an HPV-16
E6 specific TCR is being tested in metastatic HPV associated cancers along with
cyclophosphamide/fludarabine pre-conditioning and sequential high dose IL2. The

study is closed to accrual and the results are awaited (NCT02280811).

Other tumour associated antigens in urological malignancies

Prostate stem cell antigen (PSCA) is highly expressed on primary and metastatic
prostate cancer cells.®? A pre-clinical study using a third-generation CAR targeting
PSCA with signalling domains of CD28 and OX-40, demonstrated significant delay in
tumour growth rate and prolonged survival.®® Vascular endothelial growth factor 2
(VEGF-2) is overexpressed in a number of solid tumours including renal cancer and is
associated with poor prognosis.** The VEGFR-2 CAR-T cell has demonstrated
promising pre-clinical activity in mouse models and is being investigated in a phase 1
study of RCC and melanoma (NCT01218867). Bladder cancer, has significant
overexpression of a number of TAAs including NY-ESO-1, MAGE and BAGE *° for

which T-cells programs are planned or ongoing.

TIL Targets

For successful TIL therapy a tumour must express a neoantigen that binds strongly to
the MHC/TCR complex. The number of neoantigens correlates with the mutational
burden of the tumour. Bladder cancer is the urological malignancy with the highest
mutational burden,”®® and like with melanoma and lung cancer, mutational load in
bladder cancer correlates with response to checkpoint inhibition. For example, in a
phase 2 study of the PD-L1 inhibitor atezolizumab, in 150 patients with advanced
transitional cell carcinoma of the bladder, estimated mutational load was significantly
higher in responders compared to non-responders (12.4 vs 6.4 per Mb, p<0.0001).%’
Bladder cancer would therefore be a potential tumour type to test both TIL therapy or

adoptive dendritic cell therapies.



Renal cell carcinoma (RCC) is considered an immunotherapy sensitive tumour
although the mutational burden is low.”*® A number of studies of TIL therapy have
included RCC patients and early studies suggested response rates of up to 35%,%
although from these small single arm trials and it was unclear whether the response
was due to the concomitant IL-2 therapy or the TILs. Subsequently a phase Il study
in 178 RCC patients randomised to receive TIL and IL-2 or IL2 did not show benefit for
the addition of TILs. However, only 39 patients went on receive TIL in the therapeutic
arm, in part due to TIL production failure, which led to early closure of the study and
therefore insufficient power to show a difference.®® Unlike many other tumours that
have a high inflammatory infiltrate correlating with mutational burden, renal tumours
often have a dense inflammatory infiltrate despite a low number of mutations.
Presumably, RCC has a small number of strongly immunogenic antigens — either TAAs
or neoantigens. Interestingly a recent report has suggested that inactivation of von
Hippel-Lindau gene, the most common mutation in clear cell renal cell carcinoma,
leads to selective expression of an endogenous retrovirus which in turn results in a
highly immunogenic neoantigen,®® but this observation needs to be confirmed in
independent series. Similarly, penile cancer often has dense inflammatory infiltrate on
the background of relatively low mutational load. This can be partly explained by the
highly immunogenic HPV induced neoepitopes but the remaining neoantigen
repertoire is relatively understudied and could provide important insights about cellular

therapy options for this difficult to treat disease.

Prostate cancer generally has a low mutational and neoepitope burden.®® While there
are a relatively low number of TILs found in prostate cancer specimens, approximately
20% of high-risk localised prostate cancer patients have a significant infiltrate within
the prostate (unpublished data). In the absence of agents causing migration of T-cells
into the prostate, efforts for T-cell therapies may be most suited to this high infiltrate
group. However, approximately 5% of patients with prostate cancer will have mismatch
repair deficits,®’ leading to a hypermutational state. In a single patient with MMR at our
institution who underwent multiregional biopsies, the mutational burden was
predominantly clonal (unpublished data) and therefore, based on the clonal neoantigen
data presented earlier, we would hypothesise that they would respond to neoantigen

directed dendritic or T-cell therapy.

BEYOND af3 T-CELLS



In addition to the adaptive and innate defense mechanisms, there are unconventional
T cells, for example gamma delta (yd) T lymphocytes and natural killer T (NKT) cells.
These cell types functionally and phenotypically cross over between the innate and the

adaptive immune system.

v0-T cells

Human yd T cells comprise about 1-5% of the total T-cell population in the peripheral
circulation but make up a major subset (up to 50%) of some mucosal sites. yo T cells
are involved in combating infectious diseases and have non-redundant inhibitory
function preventing tumour development and progression (for review see ®2). Unlike
ap-T-cells, yo-T cells do not require MHC class | and Il for recognition of antigens and
their selectivity is driven through a variable (V) region of the TCR as opposed to the
entire rearranged TCR. Vy9Vd2-T-cells are the most prominent y&-T cells in the
peripheral circulation and respond to non-peptide phosphoantigens such as
isopentenyl pyrophosphate (IPP), the mevalonate metabolite commonly generated by
microbials. Vy9V®2-T-cells may also be activated by nitrogen containing
bisphosphonates, such as zoledronic acid, often used in the treatment of prostate
cancer. Given the role of y&-T cells in the anti-tumoural T cell response, and
importantly the ability to recognise antigens independently of MHC-TCR interaction,
several clinical studies of adoptively transferred yd-T cells in metastatic prostate

cancer and renal cell carcinoma are currently underway.®®

Natural Killer T-cell

Natural killer T (NK-T) cells represent a mixed population of cells with biological
features of both natural killer cells and T cells and represent approximately 0.1% of the
peripheral T cell population.®* NK-T cells typically co-express an ap T cell receptor in
addition to cell surface markers of NK cells, for example NK1.1, CD16 and CD56. Two
main subtypes of NK-T cells have been described; type 1 NK-T cells typically have a
more limited repertoire as compared with classical af T cells whereas type 2 NK-T
cells have a more diverse repertoire. Both subtypes possess the ability to recognise
glycolipids presented by the antigen-presenting molecule CD1d, a MHC-Class I-like
molecule, bridging the innate and adaptive immune systems to enhance the anti-
tumour immune response. Following activation, NK-T cells can rapidly produce various

cytokines including IL-2, IFN-y, TNF- a and IL-4, promoting NK mediated elimination



of MHC negative tumours and CD8+ mediated cytotoxicity of MHC positive tumours
providing an attractive therapeutic option as adoptive cellular therapy in cancer. Given
the important role of NK-T cells in both the adaptive and immune anti-tumoural immune
response, several clinical trials of NK-T cells are currently ongoing, including a phase
| trial of autologous NK-T cells in various solid tumours including prostate cancer
(NCT01801852).



COMBINATION THERAPIES IN UROLOGICAL MALIGNANCIES

The overarching aim of combination therapy is to enhance patient outcomes while
trying to minimise toxicity. There are a limitless number of potential combinations when
considering 2 or 3 agents and therefore combination approaches must be based on a
firm mechanistic understanding. The broad strategies are to: 1) increase the antigen
exposure, 2) use two separate strategies to target the same tumour liability, 3) enable
migration of effector cells into the tumour microenvironment (TME), 4) potentiate
proliferation and/or persistence of effector T-cells within the TME and 5) reduce
immunosuppressive factors in the TME. Some of the ongoing attempts in urological

malignancies are presented here (Figure 3).

The backbone to many of the immune oncology combinations with adoptive cell
therapies will be the immune checkpoint inhibitors. As this new class of oncology
therapies has made such impact on the treatment of solid tumours, including bladder
cancer, renal cancer and more recently prostate cancer, it would be remiss not to
mention some of the seminal papers here despite not being the focus of this review.
In mBC, inhibition of PD-1/PD-L1 immune checkpoint has demonstrated significant
single agent activity with overall response rates of about 15-31%, which is further
enriched in some studies by PD-L1 or TIL status®"®>%’. Atezolizumab and nivolumab,
have been FDA approved for the treatment of bladder cancer, and durvalumab and
pembrolizumab are undergoing the accelerated approval process. In 821 previously
treated renal cell carcinoma patients, nivolumab improved overall survival (25.0 vs
19.6months; HR 0.73, p=0.002) and had decreased toxicity compared to the previous
standard of care, everolimus.®® In prostate cancer, initial studies of PD-L1/PD1

checkpoint inhibition demonstrated limited responses,®"°

causing a lull in their clinical
development for this indication., Potential explanations for this lack of activity
compared to tumour types such as melanoma, lung and bladder cancer include a
relatively low mutational burden, a paucity of tumour infiltrating lymphocytes and
selection of patients with high disease burden that were heavily pre-treated.
Furthermore, it is possible that any efficacy signal was obscured by the small sample
sizes and/or sub-optimal toxicity management of immune toxicity in these early studies
leading to inadequate exposure to checkpoint inhibitor. Two phase Ill randomised
clinical trials of ipilimumab in mMCRPC have demonstrated no benefit in overall
survival.”""? More specifically, Ipilimumab monotherapy at 10mg/kg had significant
toxicity including 2 treatment related deaths,”" and may have contributed to this lack of

benefit. In combination with radiotherapy however, ipilimumab therapy led to a trend



to a 1.2 month overall survival benefit (11.2 vs 10.0 months; HR 0.85, p=0.053)"2
although this duration of benefit is of questionable clinically significance. More
promising however, was the recently reported early signal of activity seen in 5/27
prostate cancer patients receiving a PD-1 inhibitor in combination with enzalutamide,

a drug that has demonstrated PD-L1 upregulation in pre-clinical models™7"®

Despite this encouraging activity of checkpoint inhibitor monotherapy in urological
malignancies the majority of patients still fail to respond or have durable benefit. The
use of primed adoptive cells to enhance selectivity for antigens in combination with
checkpoint inhibition to unleash the T-cell activity is one way to attempt to broaden the
responders to immunotherapy. This is based on pre-clinical studies of mice treated
with adoptive T-cell therapy, where the addition of checkpoint inhibition led to
increased infiltration of T-cells in the tumour via a cytokine driven mechanism.” This
potential synergy of adoptive TIL therapy and PD-1 is being tested clinically in bladder
cancer and the combination of adoptive dendritic cell therapy and anti CTLA-4 or PD-
L1 is being tested in separate studies in prostate cancer (Table 3). Furthermore,
mouse models have shown that the PD-1/PD-L1 pathway negatively regulates CAR-T
cell function,”” and therefore the combination of CAR-T cell therapy with immune
checkpoint blockade is a rational combination for consideration in urological

malignancies.

Dual adoptive therapy combinations are also being investigated in clinical trials. One
strategy is to use two different immune mechanisms against the same target with a
view to enhancing immune surveillance and limiting immune editing and resistance.
For example, a group at UCLA, are treating NY-ESO expressing advanced cancers,
which would potentially include bladder and prostate cancer, with a combination of NY-
ESO-1 TCR-engineered cells and NY-ESO-1 peptide pulsed dendritic cells
(NCT01697527). The results of this technically challenging study could have a major

impact on the design of future combination immunotherapy studies.

Irrespective of the enthusiasm for new agents as part of the immunotherapy revolution,
the substantial evidence that conventional cytotoxic chemotherapy can augment the
anti-tumour immune response should not be overlooked. For example in model
systems gemcitabine, that is typically used in bladder cancer, increases dendritic cell
dependent antigen presentation,” causes up-regulation of MHC1 expression,’ leads

to a relative increase in T-cells,®® and a decrease in the immunosuppressive Treg



cells.®” Combination studies of gemcitabine and cisplatin with checkpoint inhibition are
ongoing in metastatic TCC but gemcitabine is a good candidate for use in combination
with adoptive cell therapy. Similarly, in a prostate cancer cell line xenograft model,
CD8+ cells with engineered TCR against PSA, MUC-1 or CEA, responses were
enhanced when administered in combination with docetaxel,®> the most common
chemotherapy given to prostate cancer patients. Combinations of docetaxel with
dendritic cell therapy are being actively being pursued in prostate cancer (Table 3).
Further work will inform on dose and schedules of chemotherapy in combination with
adoptive cell therapy so that there is a correct balance between immunomodulation

and lymphodepletion by the cytotoxic agent.

Hormonal agents are the mainstay of treating advanced prostate cancers and they too
may be immunomodulatory. Initial studies in castrated mice demonstrated that the
hormone deprivation led to increased T-cell number in lymphoid tissue and
proliferation in response to antigen presentation.®® A recent murine study tested 2"
generation hormone agents as immune adjuncts and reported that castration and
abiraterone, a steroid synthesis inhibitor, treatment did not have a significant impact
on CpG induced immune stimulation but enzalutamide, an androgen receptor
antagonist, actually diminished the response.®* However, recent cell line and patient
data have suggested that enzalutamide resistant prostate tumours may express high
levels of PD-L1 and respond to sipuleucel-T and PD-1 inhibition.” Although conflicting,
this preliminary data has encouraged investigators to test dendritic cell therapies (and

checkpoint inhibitors) in combination with androgen deprivation therapy (Table 3).

Radiotherapy (RT) is an important immune modulator causing increased antigen
presentation, elevated production of immunostimulatory cytokines,85 and enhanced
effector T-cell and NK cell activity.®®” There are a number of clinical trials combining
cellular therapy and RT ongoing in urological malignancies, with both external beam
RT and radium223 (Table 3).

In addition to their function as signalling components in transforming oncogenes,
many protein kinases also play a role in the immune response % and their inhibition
has been linked to an enhanced immune response. In model systems, sunitinib, a
multi-targeted tyrosine kinase inhibitor used as a first line therapy in mMRCC and
cabozantinib, a TKI predominantly targeting MET, RET and VEGFR-2 with activity in
mRCC and mCRPC led to increased effector/regulator T-cell ratio (increased CD8+

) 89-91
)

cells and decreased TReg cells and MDSCs which is a measure of immune



surveillance. Both of these agents have also been reported to decrease the tumour
vascularity thereby improving perfusion and immune cell access within the tumour
microenvironment.®> These immune and microenvironment properties as well as
direct modification of tumour cells would suggest that they are ideal agents to

combine as part of immunotherapy combinations.

As previously mentioned, the results of the combination of the dendritic cell vaccine,
AGS-003, in combination with sunitinib in patients with mRCC are eagerly awaited but
on a cautionary note, the addition of two active monotherapies, IMA901 vaccine in
combination with sunitinib failed to demonstrate an overall survival benefit compared
with sunitinib alone,®. Unexpectedly, CD8+ specific T cell responses to IMA901
vaccine were markedly lower than in the positive phase 1 and 2 trials™ suggesting that
the multi-targeted kinase inhibitor had a negative impact on vaccine responses and
that our mechanistic understanding of this process is still in its infancy. Furthermore
combinatorial toxicities may limit dual therapy usage such as the dose limiting
hepatotoxicity in mRCC patients treated with nivolumab and pazopanib (another TKI
used in mMRCC) arm of a dose escalation phase 1 trial.** Further basic research to help

underpin future rationale combination immune-oncology paradigms are required.

CONCLUSIONS

There is a need for improved therapies for advanced urological malignancies. This
contemporary era of immunotherapy enlightenment presents vast opportunities to
make inroads into controlling or even curing some urological cancers. Technological
advancements in sequencing, informatics and high throughput avidity sorting of T-cells
has helped to identify sub-groups of patients that might benefit from adoptive cell
therapies, vaccines or checkpoint inhibitors. Dendritic cell therapies are showing
considerable promise, particularly in prostate cancer, but there is a need to convert the
responses into durable remissions. The significant improvements in gene transfer
technology and ability to generate clinical grade cell products has enabled the
development of therapeutic CAR-T cells, genetically engineered TCR T cells, adoptive
dendritic and NK cells. However, these treatments will not work for everyone. The
selection of patients, optimal sequencing and combination with novel and conventional

therapies are key in improving patients’ outcomes. These are expensive therapies that



are sometimes challenging to deliver which may limit patient access to these
treatments. To provide benefit to society therefore, immunotherapy will need to be set
a high bar including durable remissions. This will only be acheived through a careful
understanding of immune biology coupled with well-designed translational clinical
studies allowing the optimism surrounding immunotherapy to be converted into

improved patient outcomes in urological cancers.
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