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Novel cancer immunotherapy
agents with survival benefit:
recent successes and next steps

Padmanee Sharma, Klaus Wagner, Jedd D. Wolchok and James P. Allison

Abstract | The US Food and Drug Administration (FDA) recently approved two
novel immunotherapy agents, sipuleucel-T and ipilimumab, which showed a
survival benefit for patients with metastatic prostate cancer and melanoma,
respectively. The mechanisms by which these agents provide clinical benefit are
not completely understood. However, knowledge of these mechanisms will be
crucial for probing human immune responses and tumour biology in order to
understand what distinguishes responders from non-responders. The following
next steps are necessary: first, the development of immune-monitoring
strategies for the identification of relevant biomarkers; second, the
establishment of guidelines for the assessment of clinical end points; and third,
the evaluation of combination therapy strategies to improve clinical benefit.

The concept of cancer immune surveillance
dates back decades'* and is based on the
hypothesis that the immune system can
suppress the development or progression of
spontaneous malignancies. Recent data in
murine models confirm this original concept
and clearly define immune evasion by aber-
rant cells as playing an important part in the
development and progression of tumours*’.
In an attempt to re-engage the immune
system in its fight against cancer, cancer
immunotherapy focuses on the development
of agents that can activate the immune
system to recognize and kill tumour cells.
Cancer immunotherapy encompasses
diverse strategies that range from activat-
ing innate and adaptive immune effector
mechanisms to neutralizing inhibitory and
suppressive mechanisms (BOX 1). Strategies
to stimulate effector immune cells include
vaccination with tumour antigens, treatment
with cytokines (for example, interleukin 2
(IL-2) or interferon-a (IFNa)) or enhance-
ment of antigen presentation (for example,
by stimulation of Toll-like receptors 7, 8 or 9,
administration of dendritic cells or the use of
a CD40-targeted agonistic antibody). Further

stimulatory strategies include the use of
antibodies targeting the tumour necrosis fac-
tor receptor superfamily (TNFRSF) members
41BB (also known as TNFRSF9 or CD137),
0OX40 (also known as TNFRSF4 or CD134)
or glucocorticoid-induced TNFR-related
protein (GITR; also known as TNFRSF18)
in order to provide co-stimulatory signals
to enhance T cell activity, and adoptive cel-
lular therapy (ACT) as a means to administer
immune cells directly to patients. Strategies
to neutralize immune suppressor mecha-
nisms include chemotherapy (for example,
cyclophosphamide), the use of antibodies
(for example, CD25-targeted antibodies)
in an attempt to deplete regulatory T cells
and the use of antibodies against immune-
checkpoint molecules (for example, cytotoxic
T lymphocyte-associated protein 4 (CTLA4)-
targeted antibodies and programmed cell
death 1 (PD1)-targeted antibodies). Many of
these strategies were recently reviewed®*.
Successful T cell-based active immuno-
therapy requires not only the expression of
antigens by cancer cells but also the success-
ful and sustained mobilization of sufficient
numbers of effector T cells that recognize

these antigens in order to eliminate the
tumour. T cell activation is initiated by
stimulation of the antigen receptor (T cell
receptor (TCR)) with major histocompat-
ibility complex (MHC) molecules, which
present peptides that are derived from
tumour antigens. For productive activation,
this must be accompanied by co-stimulatory
signals mediated by the binding of CD28

on the T cell surface to B7 proteins (such as
CD80 or CD86) on the antigen-presenting
cell (APC) (FIC. 1a). These two signals allow
T cells to begin to proliferate, to acquire
effector functions and eventually to migrate.
TCR signalling also induces the production
of the CD28 homologue CTLA4, which is

a T cell-specific molecule that has a higher
binding affinity for B7, thereby outcompeting
CD28 and eventually inhibiting T cell activ-
ity (FIC. 1b). CTLAA4 restricts T cell activity in
order to minimize damage to normal tissues.
Other inhibitory molecules such as PD1 are
also expressed on T cells after T cell activa-
tion, thus providing signals that control T cell
responses. T cell activity may be enhanced
in cancer patients to elicit clinical benefit by
using tumour-specific antigens to stimulate
T cell responses or antibodies that block
inhibitory immune-checkpoint molecules
such as CTLA4 or PD1 (FIG. 2).

Two immunotherapeutic approaches
have recently shown overall survival benefit
in randomized Phase III clinical trials for
patients with metastatic disease. These are
sipuleucel-T, which consists of autologous
peripheral blood mononuclear cells (PBMCs)
that have been pulsed ex-vivo with a fusion
protein of prostatic acid phosphatase (PAP)
and granulocyte macrophage colony stimu-
lating factor (GM-CSF) before re-infusion
into the patients, and ipilimumab, an antago-
nistic CTLA4-targeted antibody that acts to
overcome the T cell inhibitory pathways that
are elicited by CTLA4. Other immunother-
apy strategies, including ACT whereby T cells
are administered to patients”'° and high-dose
IL-2 (REF 11), have also shown antitumour
responses in clinical trials. However, ACT
using T cells — as opposed to sipuleucel-T,
which consists of PBMCs — remains an
investigational therapy that is currently in
Phase I/II trials. Additionally, high-dose IL-2,
although approved by the US Food and Drug
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Box 1 | Types of immune responses and regulatory mechanisms

Innate immune response
* Nonspecific

* Lacks memory

e Comprised of inflammatory cytokines, the complement system and phagocytes, such as

macrophages, neutrophils and dendritic cells
Adaptive immune response
e Highly specific

* Development of memory cells

e Comprised of B and T lymphocytes, specifically CD8* cytotoxic T lymphocytes and CD4* T helper

lymphocytes (T, 1and T, 2 cells)

Activation of T cell responses

* Antigen-presenting cells (APCs), such as dendritic cells, can take up foreign antigens and process
the antigens, which are then bound to major histocompatibility complex (MHC) molecules for

presentation to T cells

e T cells interact with MHC and MHC-bound antigen through the T cell receptor; the signalling
that results from this interaction is known as signal 1

o T cells become activated in the presence of signal 1 and co-stimulatory signals, which are known

as signal 2

e Activated T cells can directly kill tumour cells that express the antigen for which the T cell has

specificity

e Activated T cells can kill indirectly by producing cytokines that act to initiate apoptotic pathways

in tumour and/or surrounding stromal cells

e Activated T cells can also kill indirectly by secreting cytokines to recruit other cells, such as
macrophages; these recruited cells act in a nonspecific manner to destroy surrounding tumour

and/or stromal cells

Regulation and suppression of T cell responses

* Regulatory mechanisms can be intrinsic to T cells; examples are inhibitory immune-checkpoint
molecules, such as cytotoxic T lymphocyte-associated protein 4 (CTLA4) and programmed cell

death 1 (PD1)

* Regulatory mechanisms can also be extrinsic to T cells; examples are certain cytokines (such as
IL-10), regulatory T cells and myeloid-derived suppressor T cells (MDSCs)

Administration (FDA) in 1992 on the basis
of data from multiple Phase II trials, is lack-
ing overall survival data as a monotherapy
in Phase III trials. There are promising
Phase I/1I data with ACT using T cells,
including clinical responses with geneti-
cally engineered T cells'*"*, and such results
will continue to move the field of cancer
immunotherapy forwards. There was also a
recent Phase I1I trial that showed improved
clinical responses with a combination strat-
egy of high-dose IL-2 and a peptide vac-
cine, compared to high-dose IL-2 alone',
which will clearly provide momentum for
additional combination immunotherapy
strategies. However, it should be pointed out
that in-patient hospitalization is required for
both high-dose IL-2 and ACT using T cells,
owing to the toxicities that are associated
with the administration of these therapies.
Conversely, both sipuleucel-T and ipili-
mumab are administered in the outpatient
clinic, with minimal toxicities at the time

of administration, but toxicities may occur
later, especially in the setting of ipilimumab
therapy, which may require management

with immunosuppressive agents such as cor-
ticosteroids. Owing to the recent Phase III
data with sipuleucel-T and ipilimumab,
these agents received FDA approval in 2010
and 2011 as standard-of-care therapies for
the treatment of patients with metastatic
prostate cancer and melanoma, respectively.
It is expected that other immunotherapy
strategies will also show clinical efficacy
that will lead to FDA approval in the near
future; however, this Perspective article
focuses on sipuleucel-T and ipilimumab
and discusses steps that can be taken to
build on the clinical successes of these novel
immunotherapy agents.

Immunotherapy can improve survival
Sipuleucel-T and PROSTVAC. In a Phase III
randomized, controlled study in 512 patients
with metastatic castration-resistant prostate
cancer (CRPC), treatment with sipuleucel-T
was shown to increase median overall sur-
vival by 4.1 months (25.8 versus 21.7 months;
P=0.032)". These data led to the FDA
approval of sipuleucel-T for patients with
CRPC. Another immunotherapy strategy

that targets prostate cancer is PROSTVAGC;
PROSTVAC-F and PROSTVAC-V are
fowlpox- and vaccinia-based viral vaccines,
respectively, that are thought to stimulate
T cell responses against prostate-specific anti-
gen (PSA). Recently, a Phase II randomized,
controlled study in 125 patients with meta-
static CRPC reported an 8.5 month improve-
ment in median overall survival for patients
who were treated with PROSTVAC (25.1 ver-
sus 16.6 months; P=0.006)%, These Phase II
data are encouraging, and plans are underway
for a Phase III trial with PROSTVAC.
Although sipuleucel-T and PROSTVAC
were both shown to improve median overall
survival, the exact mechanism of action of
these agents remains unclear. Sipuleucel-T
and PROSTVAC are thought to enhance
T cell responses against the PAP and
PSA tumour antigens, respectively, that
are expressed by prostate cancers. For
sipuleucel-T, it has been postulated that
the autologous PBMCs that are taken from
patients include APCs, such as dendritic
cells, that can engulf the PAP-GM-CSF
fusion protein, process the protein to peptide
antigens, present the peptide antigens
to T cells in the context of MHC and
co-stimulatory molecules and propagate the
activation of T cells that are specific for
the PAP antigen. Similarly, it is speculated
that after the vaccination of patients with
PROSTVAG, the vaccine is taken up by
APCs, and the PSA protein that is encoded
by the vaccine is processed for presentation
to T cells, thereby leading to the activation of
T cells that are specific for PSA.

Antibodies targeting CTLA4. In a Phase III
randomized, controlled trial in 676 patients
with metastatic melanoma, treatment with
ipilimumab improved the median over-

all survival by 3.7 months (10.1 versus

6.4 months; P=0.003)". Ipilimumab func-
tions to block the inhibitory signals that

are mediated by the CTLA4 molecule that

is expressed on T cells, thereby permitting
enhanced T cell responses®*2. A different
CTLA4-targeted antibody, tremelimumab,
has also been tested in Phase I/1I trials in
patients with metastatic melanoma?**.

A Phase III clinical trial with tremelimumab
in patients with melanoma, who were
randomized to either tremelimumab or
standard-of-care therapies (dacarbazine or
temozolomide), was conducted, but the trial
was halted when an interim analysis failed to
show a benefit for tremelimumab?®. Potential
reasons that the trial failed are speculative
but include the fact that tremelimumab

was dosed at 15mgkg™ every 3 months
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(as opposed to 3mgkg™ every 3 weeks for
ipilimumab) and that some patients in the
tremelimumab trial who were randomized
to standard-of-care therapies may have also
participated in some of the ongoing Phase I/II
trials of ipilimumab, leading to unintentional
crossover. An updated analysis of these data
was reported in abstract form and suggested
a trend towards an overall survival benefit
for patients who were treated with tremeli-
mumab®. In patients, both ipilimumab and
tremelimumab have been shown to enhance
the frequency of CD4" and CD8" T cells

in the peripheral blood as well as antibody
responses to antigens that are present on
tumour cells”~*; however, as will be dis-
cussed in more detail below, the biological
changes or mechanisms that lead to clinical
benefit are still under investigation.

Clinical outcomes of early Phase I and IT
trials of CTLA4-targeted antibodies were
recently reviewed®. In one study, patients
with metastatic melanoma received different
doses of ipilimumab (0.3, 3 or 10mg kg™),
and the results suggested an increase in
response rates with higher doses”. The
Phase I1I trial tested the efficacy of ipili-
mumab alone and ipilimumab in combina-
tion with a peptide vaccine that is comprised
of gp100 (also known as melanocyte protein
PMEL), an antigen that is known to be
expressed in melanoma®. Ipilimumab was
given four times at 3mg kg™ (one dose every
3 weeks), and patients with a documented
clinical benefit could receive additional doses
(termed ‘maintenance-re-induction’ doses).
An additional cohort of patients received the
gp100 vaccine alone, which was equivalent
to a placebo: the peptide vaccine by itself
had not provided measurable clinical benefit
to patients with metastatic melanoma in a
previous study?*. However, it was specu-
lated that the combination of gp100 vaccine
plus ipilimumab might provide additive or
synergistic benefits over ipilimumab alone,
as was recently noted in a study combin-
ing high-dose IL-2 and gp100 (REF. 16). The
Phase III trial with ipilimumab showed a
median overall survival of 10.1 months for
patients who were treated with ipilimumab
alone and 10.0 months for patients treated
with both ipilimumab and the gp100 vaccine.
By comparison, patients who were treated
with the gp100 vaccine alone had a median
overall survival of 6.4 months. Treatment with
ipilimumab alone also led to a 36% reduction
in the risk of progression compared to treat-
ment with gp100 alone (hazard ratio=0.64;
P<0.001) and a significant difference in the
best overall response rate (10.9%) and the
disease control rate (28.5%) compared to
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Figure 1| Basic mechanisms of T cell stimulation and inhibition. a | T cell activation begins with
interaction of the T cell receptor (TCR) on a T cell with major histocompatibility complex (MHC) bound
to antigen on an antigen-presenting cell (APC). This is known as signal 1, but appropriate activation
of the T cell requires additional signals that are provided by the interaction between CD28 and B7
(signal 2).b | T cell activation is limited by cytotoxic T lymphocyte-associated protein 4 (CTLA4), which
is upregulated on activated T cells, where it outcompetes CD28 for binding to B7 on an APC.
Additional regulation of T cell activity is also provided by later inhibitory signals through other mole-
cules such as programmed cell death 1 (PD1), which binds to PD1 ligand 1 (PDL1). Other regulators of
T cell activation have recently been characterized and may have important roles; these regulators
include T cellimmunoglobulin and mucin domain-containing protein 3 (TIM3; also known as HAVCR?2)

and V-domain immunoglobulin suppressor of T cell activation (VISTA)®%61,

treatment with gp100 alone (1.5% and 11.0%,
respectively). A remarkable aspect of this trial
was that approximately 45% of ipilimumab-
treated patients were alive after 1 year, 24%

of patients were alive after 2 years, and some
patients had a durable clinical benefit that
lasted for the 4.5 years of follow-up. This was
a dramatic improvement in the survival of
patients with metastatic melanoma compared
to a previously published meta-analysis that
indicated that only 25% of patients with
metastatic melanoma lived for 1 year™. These
data led to the approval of ipilimumab by the
FDA in March 2011 for first- or second-line
treatment of unresectable stage III or stage IV
melanoma.

A second randomized Phase IIT trial was
reported recently. This trial confirmed the
findings of the first trial by showing an overall
survival of 11.2 months for patients who were
treated with a combination of ipilimumab and
standard dacarbazine chemotherapy, versus
9.1 months for patients who received dacar-
bazine alone®. This second trial administered
ipilimumab at a dose of 10 mg kg™; however,
only 36.8% of patients completed all four
doses of the treatment. Additional data will be
needed to clarify whether four doses are suffi-
cient for clinical benefit or whether additional
(maintenance) doses are necessary. In the first
Phase III trial only 17.2% of patients received
at least one maintenance dose", and in the
second Phase III trial only 7% of patients
received at least one maintenance dose®. Data
from the published Phase III trials, as well

as data from the published Phase IT dose-
ranging study, indicate that ipilimumab is
better-tolerated at 3mg kg™ compared with
10mg kg™, and that maintenance dosing may
not be necessary for either regimen.

Other agents. Antibodies against other inhibi-
tory immune-checkpoint molecules on T cells
are now being tested in clinical trials. Phase II
data with a PD1-targeted antibody were
reported in abstract form and showed a 37%
objective response rate in a trial involving
patients with melanoma, renal cell carcinoma,
prostate cancer, non-small-cell lung cancer or
colorectal cancer, with most responses occur-
ring in patients with metastatic melanoma or
renal cell carcinoma®. Ongoing clinical trials
using this PD1-targeted antibody will provide
additional data regarding the potential for
this immunotherapy agent to provide survival
benefit for patients with cancer.

Assessment of clinical responses

Active immunotherapy generates antitumour
effects by enhancing tumour-specific T cell
responses. Because this is an indirect process
that relies on affecting immune responses
rather than the direct killing of tumour cells
(which is seen when using standard agents
such as chemotherapy), antitumour responses
may be challenging to assess. Responses to
immunotherapy may take longer to become
detectable by radiographic imaging, and the
assessment of responses might be difficult, if
not misleading, by standard methods, such
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Figure 2 | Current therapies that induce
effector T cell functions. Strategies to maintain
activated tumour-specific T cells include the use
of blocking monoclonal antibodies, such as anti-
bodies targeting either cytotoxic T lymphocyte-
associated protein 4 (CTLA4) or programmed
cell death 1 (PD1), to neutralize co-inhibitory
receptors. Therefore, these antibodies that
block intrinsic inhibitory immune checkpoints
allow a sustained T cell response, including an
increased production of cytokines, such as
tumour necrosis factor-a (TNFa), interferon-y
(IFNy) and granzyme B. APC, antigen-presenting
cell; MHC, major histocompatibility complex;
TCR, T cell receptor.

as Response Evaluation Criteria in Solid
Tumours (RECIST) or modified World
Health Organization (mWHO) criteria.
Although responses to chemotherapy are usu-
ally apparent after two cycles (approximately
6-8 weeks) of treatment, clinical responses to
immunotherapy agents can range from weeks
to months®. These differences in response
kinetics may explain why treatment with
sipuleucel-T improved the median overall
survival but did not affect progression-

free survival (PFS) (3.7 months with
sipuleucel-T versus 3.6 months with placebo;
P=0.63). Similarly, the PROSTVAC Phase II
study, which was designed with a primary end
point of PES, showed a difference in median
overall survival but failed to meet its primary
end point of PFS.

Following ipilimumab treatment, pro-
longed periods of stable disease followed by
tumour regression have been observed in
some patients, indicating that, for immu-
notherapy agents, a longer period of time
may be required before clinical benefit can
be detected by imaging studies. In an initial
randomized Phase II trial of 217 patients
who were treated with ipilimumab at various

doses* and an open-label study of 155
patients who were treated with ipilimumab
at 10mg kg™ (REF. 39), ipilimumab showed
unique response characteristics in some
patients. These responses included slow or
delayed regression over months, or even
initial progressive disease followed by stable
disease or a response, which has led to dis-
cussions regarding the need for a novel set

of response criteria for immunotherapies.
The heterogeneity in the kinetics of clinical
responses to ipilimumab was analysed across
multiple Phase II trials. A subset (10-20%)
of the total pooled population of 227 patients
who had radiographic progression at the
12-week imaging time point — as indicated
by either the enlargement of index lesions

or the appearance of new lesions — went on
to achieve stable disease or even objective
responses without other anticancer thera-
pies. Importantly, patients with these unique
delayed responses showed similar overall
survival when compared with patients who
had responded, according to mWHO crite-
ria, 12 weeks after the initiation of therapy.
Therefore, continued observation might

be advisable in patients with stable or even
progressive disease, who have asymptomatic
radiographic progression and who have
maintained a baseline performance status,
which indicates a lack of clinical deteriora-
tion. A new set of criteria for response to can-
cer immunotherapy was therefore proposed
and termed the immune-related response cri-
teria (irRC)™. By this definition, the response
is measured as the sum of the largest diam-
eters of all lesions, but the appearance of new
lesions is not a cause for automatic categoriza-
tion as progression, provided that there is no
decrease in the performance status and that
any increase in the overall size measurements
of existing and new lesions is <30%. Patients
without responses by RECIST or mWHO
criteria, but who show irRC responses, may
show delayed benefit from immunotherapy,
and 4-6 weeks of further observation
should be considered as a realistic option in
the absence of a symptomatic decline in the
performance status.

This dissociation between survival benefit
and other clinical end points has also been
observed for other therapeutic agents. For
example, anti-angiogenic agents (such as
bevacizumab or sorafenib), which are not
directly cytotoxic to cancer cells, have been
shown to prolong survival without signifi-
cantly increasing objective response rates by
RECIST criteria*~*. In the case of immune
modulators such as ipilimumab, response-
based end points are not informative because
they use imaging studies in which data are

collected at pre-determined time points.
Some patients may respond quickly, while
others may progress and then respond only
after the immune response reaches a level
that is sufficient for disease control. Some
investigators have hypothesized that the
initial disease progression may be due to
immune infiltration, but this may not explain
all instances in which tumours enlarge before
stabilizing or regressing. Until we identify
surrogate biomarkers that correlate with clini-
cal outcomes, it is clear that overall survival
needs to be used as the ‘gold standard’ end
point in immunotherapy trials, with incor-
poration of revised response criteria, such as
the irRC. Owing to the prolonged time and
expensive costs that are associated with con-
ducting clinical trials in which the primary
end point is overall survival, it is imperative
that we focus our efforts on identifying
successful intermediary correlates.

The next steps for improving immuno-
therapy strategies include further elucidation
of the mechanisms that are responsible for
clinical benefit in subsets of cancer patients,
the identification of relevant biomarkers for
response and toxicity and the translation of
preclinical data to the clinic for combination
therapies that may provide greater benefit.

Immune-monitoring strategies

Designs of clinical trials with immunomodu-
latory agents need to take into consideration
the immunological end points that can be
used to determine whether the agents have
had an effect on their targets. Therefore,
although standard Phase I dose-escalation
studies to assess toxicity may be warranted, it
is also important to implement Phase Ia or
Phase Ia trials with appropriate doses of the
agent to assess biological end points (FIC. 3).
We also support the concept of adaptive

trial design whereby real-time data analysis
during a trial allows for immediate modifica-
tions of the immune-monitoring strategies.
Furthermore, given our improved under-
standing of the tumour microenvironment
and the numerous immunosuppressive fac-
tors that may prevent effective antitumour
immune responses, it is necessary to consider
the immune monitoring of samples from
both tumour tissues and peripheral blood.

Data from tumour tissues. The examination
of tumour tissues may provide informa-

tion regarding the baseline immune status
that could help to select certain patients for
specific immunotherapy agents or may shed
light on relevant immunological markers that
could be used when monitoring peripheral
blood samples. For example, a signature

808 [NOVEMBER 2011 [ VOLUME 11

© 2011 Macmillan Publishers Limited. All rights reserved

www.nature.com/reviews/cancer


http://www.cancer.gov/drugdictionary?CdrID=43234
http://www.cancer.gov/drugdictionary?CdrID=299013

of genes — those that were differentially
expressed in pretreatment tumour tissue sam-
ples from patients who showed a favourable
versus unfavourable clinical outcome after
combination immunotherapy with peptide
vaccines plus IL-12, — predicted the response
to a dendritic-cell-based vaccine in one
study*. Similarly, gene expression profiling
on biopsy specimens that were taken before
treatment led to the identification of a set of
genes that are associated with clinical benefit
from a vaccine consisting of a melanoma-
associated antigen, MAGEA3 (REF. 44). Our
group has conducted presurgical clinical trials
in order to investigate immunological end
points in tumour tissues and peripheral blood
cells obtained from patients who were treated
with ipilimumab. We found a significantly
increased frequency of T cells expressing

the inducible co-stimulator (ICOS) marker

in tumour tissues after treatment with the
antibody**. Then, in a small retrospective
study, we found that a sustained increase in
ICOS-expressing T cells in peripheral blood
was associated with clinical benefit in patients
with metastatic melanoma who were treated
with ipilimumab?®. These studies highlight
the importance of analysing tumour tissues

as well as peripheral blood samples in order
to identify potential surrogates for clinical
outcomes.

Immune-monitoring assays. The ideal assays
for immune monitoring should be sensitive,
specific, reliable, simple and should yield data
that correlate with clinical outcomes. Assays
that allow the simultaneous measurement

of multiple parameters might also be advan-
tageous. Because many existing immune-
monitoring assays incorporate phenotypic
and functional aspects of different subsets of
cells, one should keep in mind that the selec-
tion of phenotypic and functional assays relies
on having prior knowledge of these areas of
immunology to inform the selection of these
assays; therefore, these are knowledge-driven
analyses. However, a central disadvantage

of this knowledge-driven approach is that

the result will be only as good as the body of
knowledge, so genes that are not known to be
involved in the phenotype or function cannot
be considered. An alternative to knowledge-
based identification of immune correlates is a
data-driven approach, in which genome-wide
analyses of gene expression are carried out on
different subsets of cells, such as T and B cells.
Subsequently; the correlates between patterns
of gene expression and the phenotype or
function of interest are sought*. Because the
ideal assay or assays for identifying the immu-
nological events that correlate with clinical
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Figure 3 | Clinical trial concepts. The standard paradigm for clinical trial design involves Phase |
studies to assess the safety of an agent or therapy, Phase Il studies to assess the clinical efficacy of an
agent or therapy and Phase Ill studies to compare the agent or therapy with already established stand-
ard-of-care agents or therapies. We propose including Phase la and Phase lla studies as a part of the
standard paradigm for cancer immunotherapy trials, thereby allowing the evaluation of biological and
immunological responses to an agent or therapy in both peripheral blood and tumour tissues.

benefit remain to be established, we need to
re-examine our current immune-monitoring
strategies and design novel assays, including
gene expression-based assays, that may
provide more relevant data.

Most cancer immunotherapy trials have
used vaccines and have commonly relied
on the evaluation of T cell responses in
peripheral blood samples using tetram-
ers of peptide-MHC class I complexes to
detect antigen-specific T cells, and have
used enzyme-linked immunosorbent spot
(ELISPOT) or flow cytometric assays to
detect cytokine production by antigen-
specific T cells (BOX 2). Other assays that
have been used include the measurement
of serum cytokines and humoral responses
by an enzyme-linked immunosorbent
assay (ELISA). However, most often these
approaches have not been shown to pro-
vide immunological data that correlate
with clinical outcomes. For example, in a
study in which 120 patients with measur-
able stage IV melanoma were treated with a
multi-peptide vaccine, the ELISPOT assay
was used to measure immune responses*.
Multi-peptide vaccination elicited positive
T cell responses in some patients. However,
a positive immune response, as detected by
ELISPOT assays, did not correlate with clini-
cal benefit (that is, no correlation with a com-
plete response, a partial response or stable
disease). Although 12 patients with clinical
benefit (as shown by a complete response, a
partial response or stable disease) did have
positive immune responses, 17 patients with
clinical benefit did not have positive immune
responses. These investigators reported that
“carefully trained technologists, using stand-
ard operating procedures and validated rea-
gents” performed the ELISPOT assays, so the
failure of the assay results to correlate with
clinical outcome can probably not be attrib-
uted to improper performance. Additional

analyses showed that the stage of disease at
diagnosis was the most significant predictor
of overall survival (P=0.002). Conversely,
another study found that ELISPOT responses
did correlate with disease-free survival in
patients who underwent surgical resection of
stage II-IV melanomas and then received a
multi-peptide vaccine. However, subset anal-
yses based on the stage of disease were not
performed, and it remains unclear whether
the stage of disease before surgical resection
contributed to the observed differences in
disease-free survival for these patients®.

The ELISPOT assay definitely has a role in
immunological monitoring in vaccine trials,
in which the assessment of responses to the
administered antigen is both appropriate and
necessary to assess the success of the vaccina-
tion. However, because the ELISPOT assay
examines only a single T cell antigen and is
performed on peripheral blood samples, it
seems unlikely that this assay will provide
data that correlate with clinical outcome for
vaccine studies. Recently, the importance
of harmonization and standardization of
immune monitoring assays, such as the
ELISPOT assay, has been emphasized in an
attempt to establish a framework for conduct-
ing large, prospective clinical trials*-*2 This is
commended, but it is important to acknowl-
edge that there is not yet an immunological
assay or biomarker that correlates with clini-
cal outcome. For large multi-institutional tri-
als that may require an immunological assay
to be carried out according to pre-defined
criteria, in order to permit an accurate evalu-
ation of the data, it may be best to consider
a centralized monitoring site rather than
attempting to standardize a particular assay
across multiple institutions. Given that we
currently lack an appropriate assay that cor-
relates with clinical outcome, pre-occupation
with harmonization and standardization of
assays may be premature. In a recent review
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Box 2 | Inmune-monitoring assays

Immune-monitoring strategies currently encompass multiple assays. These include: antigen-specific
T cell assays, such as the enzyme-linked immunosorbent spot (ELISPOT) assay, which assesses the
production of cytokines (such as interferon-y (IFNy)) by T cells in response to a specific antigen; and
the tetramer assay, which uses a tetramer of major histocompatibility complex (MHC) molecules
that are bound to a specific antigen to detect antigen-specific T cells by flow cytometry. Flow
cytometry assays can also be used to measure, in a population of cells, the frequency of expression
of specific proteins — such as the activation markers CD69, human leukocyte antigen DR proteins
(HLA-DR) and inducible co-stimulator (ICOS) — that are expressed by T cells. In contrast to the
cellular assays, an enzyme-linked immunosorbent assay (ELISA) can be used to measure antibody
responses in the serum and/or plasma to specific antigens. Novel immune-monitoring strategies are
now evolving to include the evaluation of immune responses in both peripheral blood and tumour
tissues. Novel assays are also being developed to assess signalling pathways in T cells, changes in
gene expression and microRNA profiles and tumour and/or stromal cell expression of genes
encoding proteins that have roles in eliciting tumour cell death in response to cytokine signals.

that discussed similar issues in the HIV field,
the authors pointed out that an ELISPOT
assay was used to show T cell responses to a
vaccine, but although the ELISPOT results
showed that the vaccine stimulated T cell
responses, the vaccine failed to protect volun-
teers from HIV or to reduce viral loads after
infection®. These results call into question
whether the ELISPOT assay is an appropri-
ate method to evaluate clinically beneficial
immune responses and suggest that newer
and better measures of T cell function are
needed. Immunological concepts in cancer
and HIV greatly overlap, and we should

pay attention to lessons from the HIV field.
Moreover, it is as yet unclear whether the
assessment of antigen-specific T cells will be
useful in trials of agents that block the inhibi-
tory immune checkpoints or enhance co-
stimulation. Trials using these strategies may
be best assessed by tracking changes that are
related to: T cell activation, such as increased
PI3K signalling; the expression of activation
markers, such as CD69, human leukocyte
antigen DR (HLA-DR) proteins, and ICOS;
the trafficking of T cells to tumour tissues;
and memory T cell development.

We suggest that, rather than focusing our
efforts on the harmonization of assays of
questionable relevance, we should concentrate
on the development of novel immune-mon-
itoring strategies that encompass a series of
integrated assays that measure multiple bio-
logical events, including those within tumour
tissues, in order to obtain laboratory data that
correlate with clinical outcome. Novel assays
that are currently being explored include: the
analysis of signalling pathways (such as
the PI3K pathway) that provide signals
that are crucial for the function of activated
T cells, gene expression signatures, micro-
RNA signatures and the gene methylation
statuses of multiple cell subsets from both
peripheral blood and tumour tissues. Some
studies are also taking into account that

although an immunotherapy strategy may
lead to T cell activation and the production
of cytokines such as IFNy, tumour cell death
might only occur if the tumour and/or
stromal cells express the IFNy receptor or are
able to mediate downstream signals through
the Janus kinase (JAK)-signal transducer
and activator of transcription (STAT) path-
way. For example, it has been shown that
LNCaP prostate cancer cells are insensitive

to IFNa and IFNYy in in vitro assays owing

to epigenetic silencing of JAKI (REF. 54). It is
important to consider these types of issues

in immunotherapy clinical trials. We need to
accept that novel immune-monitoring strate-
gies will not necessarily be harmonized or
standardized when they are first reported. We
refer readers to “Guidelines for the develop-
ment and incorporation of biomarker studies
in early clinical trials of novel agents™,
which describes the differences between bio-
markers that are being used to make patient-
related decisions (and therefore require
validated assays) versus exploratory biomark-
ers that are hypothesis-generating. The field
of cancer immunotherapy is still in the

arena of exploratory biomarkers and, there-
fore, we need to first identify relevant bio-
markers and assays before we can routinely
implement validated assays.

Future plans: combination therapy

It is obvious from both preclinical models and
clinical trials that combinatorial approaches
may be required for optimally effective and
broadly applicable cancer immunotherapy.
The scientific literature provides evidence

for many potentially useful combinations,
including: vaccines that allow for the
improved priming of T cells and improved
antigen presentation; methods that lead to
enhanced T cell number and function, such
as ACT; agonistic TNFR-targeted antibodies
and cytokines; the suppression of inhibi-
tory immune checkpoints using antibodies

against CTLA4 and PD1; and lymphodeple-
tion or other means of suppressing the
inhibitory effects of regulatory T cells.

Recent work in cancer genomics has
suggested another strategy for optimizing
immunotherapy approaches. Sequencing the
genomes of human breast and colon carci-
nomas showed that there were almost 100
missense mutations per tumour>. Analysis
of these mutations using epitope-prediction
algorithms suggested that a large fraction of
these mutations might create neo-antigens
with the potential to be recognized by the
immune system”. Although these are largely
random and vary from tumour to tumour,
their presence suggests that agents that
kill tumour cells without suppressing
immune responses could be used to prime T
cell responses, which could then be expanded
and sustained by immune-checkpoint block-
ade®®. Thus radiation, some chemotherapies,
hormone ablation and therapies that target
signalling pathways in tumour cells can be
viewed as immunosupportive vaccines that
would liberate multiple neo-antigens that,
in combination with immune-checkpoint
blockade, might result in a multipronged and
effective immune attack.

Currently, we lack predictive diagnostic
biomarkers to rationally choose combina-
tions of immunotherapy for individual
patients or cancer types. In addition, the
timing or sequence of immunomodula-
tory interventions might be important
because the kinetics of immune reactions
have a crucial functional role. Therefore,
preclinical data for promising combinations
are necessary, with subsequent clinical trials,
to evaluate the efficacy of novel combina-
tions. Combination therapies are currently
being tested in a few ongoing clinical trials
including: ipilimumab plus radiation therapy
in a randomized Phase III trial enrolling
patients with metastatic prostate cancer
(ClinicalTrials.gov identifier NCT00861614);
ipilimumab plus leuprolide acetate hormonal
therapy in a Phase ITa study in patients with
localized prostate cancer (NCT01194271);
ipilimumab plus androgen-deprivation ther-
apy in a Phase II study in patients with meta-
static prostate cancer (NCT01377389); and
ipilimumab plus a PD1-targeted antibody
in a trial in patients with metastatic mela-
noma (NCT01024231). An abstract that was
presented at the 2011 American Society of
Clinical Oncology (ASCO) annual meeting
reported results from a Phase I trial of ipili-
mumab plus bevacizumab, an antibody that
targets vascular endothelial growth factor A
(VEGFA), in patients with melanoma; these
preliminary data indicated that 14 out of 21
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patients had partial responses and/or stable
disease lasting >6 months®. There are also
combination clinical trials with sipuleucel-T
that are in the early stages of development
and that are expected to begin patient accrual
within the next year. The data from these tri-
als are eagerly awaited and will help to guide
the design of future combination studies.

Conclusion

Basic immunology has advanced our under-
standing of the complex mechanisms of
immune regulation, and this knowledge

has been translated into the clinic with two
novel agents, a CTLA4-targeted antibody
(ipilimumab) and sipuleucel-T, both of
which showed clinical benefit in Phase III
trials. CTLA4-targeted antibody therapy is
the first of its kind and has opened a new
field in immunotherapy that is based on the
targeting of inhibitory pathways and immune
checkpoints. The dramatic antitumour
responses that were seen in some patients as
a result of treatment with ipilimumab pro-
vide, for the first time, a significant subset of
patients who could be investigated for poten-
tial biomarkers that correlate with clinical
outcome. Next-generation immunotherapy
agents, such as PD1-targeted antibodies,
have also led to tumour regression in some
patients. We must conduct careful stud-

ies in treated patients so that we can gain
knowledge to develop even more effective
therapies. The era of mechanistic studies in
patients is upon us, and it is imperative that
we apply the same innovative strategies that
were used to identify relevant genes and
pathways in murine models to experimental
clinical trials that are aimed at understanding
human immune responses. We are optimistic
that the field of cancer immunotherapy will
continue to move forwards as we build on
recent successes.
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OPINION

Parkinson’s disease and cancer:

two wars, one front

Michael J. Devine, Héléne Plun-Favreau and Nicholas W. Wood

Abstract | Parkinson’s disease is caused by the premature death of neurons in the
midbrain. By contrast, cancer spawns from cells that refuse to die. We would
therefore expect their pathogenic mechanisms to be very different. However,
recent genetic studies and emerging functional work show that strikingly similar
and overlapping pathways are involved in both diseases. We consider these areas
of convergence and discuss how insights from one disease can inform us about,

and possibly help us to treat, the other.

Parkinson’s disease is the most common
neurodegenerative movement disorder’.
It arises owing to the premature death of
dopamine-containing neurons in the part
of the midbrain called the substantia nigra,
leading to debilitating problems with tremor,
muscular rigidity and slowness of move-
ment. Although the pathology is clear, the
causes and mechanisms of this cell death
are unknown. Compare this to cancer, in
which the clonal proliferation of cells with a
selective growth advantage occurs. In cancer,
the central problem is inappropriate cell sur-
vival. Despite their clear differences, a pos-
sible connection between Parkinson’s disease
and cancer was alluded to over half a century
ago, when it was reported that cancer is unu-
sually rare in the presence of Parkinson’s dis-
ease?, and this has been reaffirmed by many
subsequent epidemiological studies (BOX 1).
What might account for this associa-
tion? Historically, Parkinson’s disease was
regarded as a sporadic disorder, with little
or no contribution from hereditary fac-
tors. This suggested that the altered pattern
of cancer susceptibility in the context of
Parkinson’s disease was solely due to envi-
ronmental or lifestyle factors. However,
over the past 15 years, there has been a step
change in our genetic understanding of the
condition (TIMELINE). SNCA (which encodes
a-synuclein) was the first gene to be discov-
ered through linkage analysis in several large
kindreds with familial Parkinson’s disease”.
Soon after, a-synuclein was found to be the
major component of Lewy bodies*, which
are abnormal protein aggregates that are
seen at autopsy in the cytoplasm of surviving
midbrain dopamine neurons in Parkinson’s
disease and are a pathological hallmark
of the condition®. Recent genome-wide

association studies have found that varia-
tion in SNCA comprises the largest genetic
risk factor for sporadic Parkinson’s disease,
demonstrating that familial Parkinson’s dis-
ease genes reveal pathways that are involved
in sporadic disease®’. So far, more than a
dozen loci have been linked with familial
Parkinson’s disease, of which six genes have
been cloned, and currently upwards of 10% of
all cases of Parkinson’s disease are estimated
to have a genetic basis®.

This genetic perspective prompted an
additional observation: most of these famil-
ial Parkinson’s disease genes had already
been found to be associated with cancer
(TABLE 1). This is perhaps not surprising: can-
cer cells are prone to accumulate mutations’,
not all of which will necessarily contribute
to cancer progression (these are known as
passenger mutations, in contrast to the piv-
otal driver mutations that propel cancerous
change'®). However, when the functional
roles of these genes are considered, a picture
emerges of considerable pathogenic overlap
between these two apparently unrelated
diseases. In short, the same mutations can
lead either to inappropriate neuronal death
in Parkinson’s disease when present in the
germline or to inappropriate cell survival in
cancer when present in somatic cells.

In this Opinion article, we use this genetic
approach to identify cell systems that are
affected by the same dysfunctional protein in
both Parkinson’s disease and cancer (TABLE 1).
Our analysis is at times speculative, and addi-
tional interpretations may be required when
more experimental data become available.
Nevertheless, several cell systems emerge as
having substantial pathogenic convergence,
and these form the focus of our discussion:
protein misfolding and degradation, cell cycle
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