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ABSTRACT

With the recent approval by the U.S. Food and Drug
Administration of the first therapeutic vaccine for
cancer, the long-awaited goal of harnessing a patient’s
immune system to attack cancer through this modal-
ity is finally realized. However, as researchers in the
field of cancer immunotherapy continue to perform
randomized definitive studies, much remains to be
learned about potential surrogate endpoints and ap-
propriate patient populations for therapeutic vaccines.
The present review addresses available data from
clinical trials of immunotherapeutic agents relevant
to the selection of appropriate patient populations.
We believe that the weight of evidence supports the
use of immunotherapy earlier in the disease course
and in patients with less aggressive disease, and that
the relevant findings have important implications for
the design of clinical trials with therapeutic vaccines.
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THERAPEUTIC VACCINES IN PROSTATE CANCER

In April 2010, sipuleucel-T (Provenge: Dendreon
Corporation, Seattle, WA, U.S.A.) became the first
therapeutic cancer vaccine to be approved by the
U.S. Food and Drug Administration. Approval was
based on the results of two randomized placebo-
controlled phase 11 clinical trials that demonstrated
a consistent overall survival advantage with the use
of sipuleucel-T 3.

Sipuleucel-T is an autologous antigen-present-
ing-cell-based therapeutic vaccine derived from a
leucapheresis pack from a prostate cancer patient.
This cellular product is then pulsed with a fusion
protein (granulocyte—macrophage colony—stimu-
lating factor/prostatic acid phosphatase) and re-
infused into the patient within 48 hours. The pivotal

IMPACT (Immunotherapy for Prostate Adenocarci-
noma Treatment) trial, whose endpoint was overall
survival, enrolled 512 patients with either minimal
or no symptoms from metastatic castration-resistant
prostate cancer (mcrpec). Predicted median overall
survival, as analyzed using a validated nomogram#,
was 21 months. Patients treated with sipuleucel-T
had a 22% decrease in risk of death [hazard ratio
(aR): 0.78; p = 0.03] and a 4.1-month improvement
in median overall survival (25.8 months vs. 21.7
months with placebo). No difference in time to ob-
jective disease progression was observed between
the treatment arms. Those findings led to approval
of the vaccine in the United States.

Another therapeutic vaccine to recently report
an overall survival advantage in prostate cancer is
psa-TRIcOM (Prostvac: Bavarian Nordic Immuno-
therapeutics, Mountain View, CA, U.S.A)) >. This
vaccine consists of an “off-the-shelf” poxvirus vector
encoding prostate-specific antigen (psa) and 3 T-cell
co-stimulatory molecules (Tricom) ®7. It can be manu-
factured in large quantities, stored frozen for many
years, and then thawed and injected into patients.
In a placebo-controlled double-blind multicentric
randomized phase 11B study (n = 125), patients treated
with psa-Tricom had a 44% reduction in death rate
and an 8.5-month improvement in median overall
survival (p = 0.006) when compared with patients
treated with wild-type poxvirus vectors. As in the
IMPACT trial, no improvement in time to progression
was observed. The psa-TricoM trial also enrolled
patients with mcrpc who had minimal or no symp-
toms and a median Halabi-predicted survival (Hps)
of 21 months. A smaller study (n = 32) of Psa-TRICOM
reported an overall survival of 26.6 months, with
a median improvement in survival of 9.2 months
compared with predicted survival 8.

The consistent improvement in overall survival
noted in the foregoing studies has led to the design of
a global randomized phase 111 study in 1200 patients
with asymptomatic or minimally symptomatic mcrpc
(prosPECT study), scheduled to open in 2011.
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KINETICS OF CLINICAL RESPONSE AFTER
THERAPEUTIC VACCINATION

Previous pivotal studies with the chemotherapeutic
agent docetaxel were the first to demonstrate any
improvement in overall survival (2—3 months) in
men with mcrpc. Although the randomized stud-
ies of vaccines showed clinically meaningful im-
provements in overall survival (4.1-8.5 months), no
improved time to progression was noted (Table 1).
The same phenomenon of improved overall survival
without improved median time to progression was
also noted in another recently published phase 11
immunotherapy clinical trial of an anti—cytotoxic
T-lymphocyte antigen 4 antibody (ipilimumab) in
patients with metastatic melanoma °.

With traditional tumour-targeted cytotoxic
agents, it is widely believed that improved time to
progression is a prerequisite for improved overall
survival. That connection is certainly intuitive be-
cause, on the whole, cytoxic agents affect the tumour
only during the period of administration. Soon after
the drug is discontinued, its antitumour activity
ends. By contrast, with active immunotherapies, the
mechanism of action and kinetics of clinical response
appear to be quite different. Therapeutic vaccines
do not directly target the tumour, but rather the im-
mune system, which in turn targets the tumour. That
immune response can be enhanced extrinsically by
continued booster vaccinations and intrinsically by
immune-mediated killing, leading to cross-priming
and cross-presentation and to a resultant broaden-
ing of the immune repertoire as antigen cascade or
epitope spreading.

This broader, perhaps more relevant, immune
response may take some time to develop; however,
an antitumour immune response can induce memory

cells that may provide ongoing antitumour activity
long after the vaccine is given. Although they may
not bring about a significant reduction in tumour
burden, therapeutic vaccines can apply continuous
antitumour activity over a long period of time, result-
ing in a slower tumour growth rate. (A more detailed
review of the foregoing concepts has recently been
published '%!1)) This deceleration in growth rate
may take weeks or months to commence, but may
continue for months or years and even through sub-
sequent therapies. This process can lead to clinically
significant improved overall survival, often with no
difference in time to progression and a low rate of
objective responses.

This concept of slowing the rate of tumour growth
suggests that treating patients with immunotherapy
earlier rather than later in the course of disease may
result in far better outcomes (Figure 1). Thus, patients
treated with vaccines within the last 6—12 months
of life (a typical phase 1 patient population) may not
experience any clinically relevant improvement in
survival from a slightly altered tumour growth rate,
but those with a lower tumour burden treated earlier
in their disease course may eventually experience
a significant improvement in overall survival, even
with the same modest decrease in the rate of tumour
growth. Recently published data suggest that this
supposition may indeed be true. In the phase 1 trial
of psa-Tricom described earlier, patients with more
aggressive or more advanced disease, as indicated by
a Hps of less than 18 months (n = 17), had a 2.3-month
improvement over predicted median overall survival;
those with less advanced or less aggressive disease
(aps = 18 months) had an improvement in overall
survival of 16.5 months or more 8.

The contrast between predicted and actual over-
all survival results in the psa-TRicOM vaccine trial

TABLE1 Comparison of sipuleucel-T and psa-TrRicom (poxvirus vector encoding prostate-specific antigen, plus 3 T-cell co-stimulatory
molecules)
Reference Study Pts PFS os HR p
(study name) arm (m) (months) value
Small et al., 2006 ! Total: 127
(D9901, phase 11 RCT) Placebo 45 10.0 weeks 21.4 0.59 0.01
Sipuleucel-T 82 11.7 weeks 259
Kantoff et al., 20103 Total: 512
(1MPACT, phase 111 RCT) Placebo 171 14.6 weeks 21.7 0.778 0.032
Sipuleucel-T 341 14.4 weeks 25.8
Kantoff et al., 20107 Total: 1252
(PsA-TRICOM, phase 11 RCT) Vector control 40 3.7 months 16.6 0.54 0.0061
PSA-TRICOM 82 3.8 months 25.1

2 Three patients were not evaluable.

Pts = patients; Prs = progression-free survival; os = overall survival; HR = hazard ratio; iMpACT = Immunotherapy for Prostate Adenocarcinoma

Treatment; rRcT = randomized clinical trial.
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FIGURE 1 Tumour growth, a dynamic process, is the result of new
cells dividing and other cells dying. Growth rate is the change in
tumour size over time. Intrinsic tumour biology and extrinsic factors
such as therapies affect tumour growth rate. Immunotherapy may
not cause dramatic changes in tumour burden over a short period of
time, as is often seen with cytotoxic therapy, but even slight decreases
in growth rate maintained over time by a memory response, espe-
cially if started early in the disease course, may lead to substantial
improvements in overall survival (see Stein et al., 2011 " for more
details). (A) Immunotherapy initiated when tumour burden is inter-
mediate. If the change in the slope of the growth rate is maintained,
it is evident that (B) starting immunotherapy earlier in the disease
course may lead to much greater improvements in overall survival
than (C) starting immunotherapy later.

compared with that from a trial of docetaxel with or
without thalidomide in a similar patient population
during a similar time frame at the same institution
is interesting '>~1> (Table ). Particularly interesting
is the observation that patients who received
docetaxel alone had a median overall survival of
15.5 months, compared with a predicted survival of
16.5 months, adding weight to the use of HpPs as an
estimate of survival in patients treated with stan-
dard therapies at that particular institution. Notably,
patients on the docetaxel combination arm (plus
thalidomide) had an overall median survival that
was better than predicted by about 10 months,
whether their HpPs was or was not less than 18 months.
To the best of our knowledge, of all the published
randomized studies in mcrrc, the docetaxel-tha-
lidomide combination showed the best improvement
in overall survival over docetaxel alone. For patients
with a HPS of 18 months or more, the median pre-
dicted survival values are almost identical for pa-
tients from both trials, suggesting a similar patient
population. However, the difference between the
predicted and the actual overall survival was 5.7
months for the chemotherapy trial compared with
16.4 months or more for the vaccine trial (see Ta-
ble ). That comparison is consistent with our hy-
pothesis that, although chemotherapy delivers an
effect during or immediately after treatment, thera-
peutic vaccines can induce subtle but long-lived
changes in tumour growth rates, and those changes

can be more apparent clinically if the vaccine is
given earlier in the disease course.

It is interesting to note that the randomized trials
of psa-TrRicoM and sipuleucel-T enrolled patients with
amedian Hprs of 21 months, but that the clinical trial of
the cancer vaccine Gvax (BioSante Pharmaceuticals,
Lincolnshire, IL, U.S.A.), which showed no improve-
ment in overall survival (1r: 1.01) in a comparison
with docetaxel, enrolled patients with a median HPS
of 16 months !¢, Additionally, multiple randomized
controlled trials of immunotherapy, including the
randomized studies of sipuleucel-T and psa-TRICOM,
showed a delayed separation in their overall survival
curves, with no evidence of benefit from vaccine for
patients who died within the first 6—12 months after
vaccine treatment was initiated. That observation
provides further evidence that patients with more
advanced disease (those destined to die sooner after
treatment with vaccine) do not benefit from cancer
immunotherapy, and that most, if not all, of the
overall survival benefit is seen in patients with less
advanced disease.

DATA FROM NON-PROSTATE CANCER
IMMUNOTHERAPY CLINICAL TRIALS

Some of the best data on the effect of tumour burden
and disease aggression on a therapeutic immune re-
sponse come from the transplant literature. Among
the earliest compelling evidence of the effect of
the immune system on cancer is the graft-versus-
leukemia effect seen after transplantation. For pa-
tients with chronic myeloid leukemia who relapse
after allogeneic hematopoietic stem-cell transplant,
infusion of lymphocytes from the original donor
(““donor lymphocyte infusion”) is generally the
treatment of choice, because it re-induces complete
remission in a high percentage of patients. The
likelihood of response to donor lymphocyte infu-
sion is much higher in patients with a lower tumour
burden (indicated by fewer blasts) than in patients
with higher blast counts (Table 1) 7.

Data from other hematologic malignancies also
indirectly supportusing vaccine in a patient population
with a lower tumour burden. Three large randomized
controlled clinical trials of anti-idiotypic therapeutic
vaccines for follicular lymphoma (Table 1v) used the
patients’ own tumours to derive the vaccine. Only
one of these three studies showed an improvement
in the primary endpoint of progression-free survival.
Interestingly, that study was the only one to enrol just
patients with a complete response, suggesting that tu-
mour burden may be a significant factor in the success
of therapeutic vaccines in that setting also.

The BLP25 liposome vaccine [L-BLP25 (Stimuvax:
Oncothyreon, Seattle, WA, U.S.A.)] targets the exposed
core peptide of the mucl (cell surface—associated
mucin 1) tumour-associated antigen ?'. The vaccine
is designed to induce a cellular immune response
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TaBLE I Survival predicted by Halabi nomogram compared with actual survival in patients treated with chemotherapy or with vaccine
therapy
Study and variable Patient groups
Overall HPS<I8 months HPs>18 months
Vaccine (psa-tricom)—Gulley et al., 20108
Patients (n) 32 17 15
Median survival (months)
By Halabi nomogram 17.4 12.3 20.9
Actual overall 26.6 14.6 Not reached
(8 patients alive
at 37.3 months)?
Patients surviving 22 10 12
longer than predicted (69) 59) (80)
by Halabi nomogram [ (%)] p=0.035°
Difference® (months) 9.2 2.3 >16.4
Chemotherapy (docetaxel + thalidomide)—Dahut et al., 2004 2, Figg et al., 2005 13
Patients () 71 46 25
Median survival (months)
By Halabi nomogram 15.0 13.0 20.0
Actual overall 22.8 16.8 25.7
Patients surviving 50 34 16
longer than predicted (70) (74) (64)
by Halabi nomogram [n (%)]
Difference® (months) 7.8 3.8 5.7

2 The overall survival curve plateaus at 51% after 38 months, with 8 of 14 patients alive at a median potential follow-up of 44 months.

occurreénce.

Two-tailed and based on an exact binomial test, with p = 0.5 as the fraction living longer than expected if this were a random

¢ The number of months by which the actual median overall survival (actuarial) exceeds the arithmetic median survival predicted by

Halabi score.

Hps = Halabi-predicted survival; psa-TRIcOM = poxvirus vector encoding prostate-specific antigen, plus 3 T-cell co-stimulatory molecules.

TABLE I Response after donor lymphocyte infusion (pLi) based on
percentage of blasts in patients with relapsed chronic myelogenous
leukemia 7

Disease stage at relapse Blasts Response

(%) to oL (%)
Cytogenetic (chronic) phase <10 75
Accelerated phase 10-20 33
Blast crisis >20 17

that may lead to immune rejection of tumour tissues
that express the mucl antigen. A randomized
phase 1B trial of L-BLP25 in patients with stage 1iB—
v non-small-cell lung cancer after stable disease or
response to primary chemotherapy has been com-
pleted 2!. The vaccination arm included 88 patients,
and the best supportive care (Bsc) arm, 83. The most
common adverse events were grade 1 "flu-like symptoms
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and mild injection-site reactions. The median over-
all survival was 17.4 months for the vaccination arm
compared with 13.0 months for Bsc, a difference
that did not reach statistical significance (p = 0.066,
unadjusted Cox). The 2-year survival rate was
43.2% in the L-BLP25 arm compared with 28.9%
in the Bsc arm. The greatest difference in survival
was observed in patients with stage 1B locore-
gional disease (adjusted HR: 0.524; 95% confidence
interval: 0.261 to 1.052; p = 0.069). In a recently
reported update of the study, with a median follow-
up of 53 months, the updated observed 2-year sur-
vival rate for patients with stage mB locoregional
disease was 60% (median survival: 30.6 months) in
the L-BLP25 arm compared with 36.7% in the Bsc
arm (median survival: 13.3 months; Table v) 22
Those findings have led to an ongoing confirma-
tory global randomized controlled phase 111 study
in more than 1300 patients with unresectable

Copyright © 2011 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC). @



GULLEY et al.

TABLE IV Phase 11 trials of idiotypic vaccines in follicular lymphoma

Reference Vaccine Enrolment criteria Improved prs?
Schuster et al., 2009 '8 BiovaxID? CR to previous therapy Yes
(p=0.045)
Freedman et al., 2009 '° Mitumprotimut-T® CR, PR, OF SD to previous therapy No

Genitope Corporation, 2007 20 My Vax®

Worse in refractory disease
CR Or PR to previous therapy No
Trends better in responders

2 Biovest International, Tampa, FL, U.S.A.
Favrille, San Diego, CA, U.S.A.
¢ Genitope Corporation, Fremont, CA, U.S.A.

PFs = progression-free survival; cR = complete response; PR = partial response; sp = stable disease.

TABLE vV Subpopulations from randomized clinical trials suggest improved outcomes after immunotherapy for patients with less advanced

or more indolent disease

Reference Cancer Therapy Patient groups
diagnosis Overall Less advanced
(m) os HR p (m) os HR p
(months) value (months) value
Butts et al., 2005 and 2007 2!-22 Lung Stimuvax® 88 17.4 0.74 0.11 35 30.6 0.52  0.069
BSC 83 13.0 30 13.3
Hanna et al., 2006 % Colorectal ~ OncoVax® 128 75.0%°¢ Nk 0.10 80 82.5%° Nk 0.014
Observation 126 71.4%° 77 72.7%"
Kantoff et al.,, 201024 Renal cell TroVaxd 365 19.2 1.07 0.55 50  Notreached 0.54 0.04
Placebo 368 20.1 50 19.5

Oncothyreon, Seattle, WA, U.S.A.
Vaccinogen, Frederick, MD, U.S.A.
Proportion of patients alive at 5 years.
Oxford BioMedica, Oxford, U.K.

a o o

os = overall survival; HR = hazard ratio; NR = not reported; Bsc = best supportive care; Hps = Halabi-predicted survival.

stage B non-small-cell lung cancer (see clinicaltri-
als.gov/show/NCT00409188).

The therapeutic cancer vaccine Mva-5T4 (Tro-
Vax: Oxford BioMedica, Oxford, U.K.) consists of
amodified Vaccinia Ankara (MvA) vector expressing
the tumour-associated antigen 5T4. A large random-
ized double-blind placebo-controlled phase 11 trial
of Mva-5T4 was recently reported ?4. The trial was
designed to determine whether mva-5T4, added
to first-line standard-of-care therapy (sunitinib,
low-dose interleukin 2, or interferon alfa), could
improve overall survival for patients with clear cell
renal cancer with good or intermediate prognosis.
Prognostic criteria were based on standard clinical
parameters associated with high tumour burden
(low hemoglobin, decreased performance status,
high calcium, high lactate dehydrogenase) and more
aggressive disease (shorter time from diagnosis
to treatment for relapsed disease) 2°. Patients (n =
733) were randomized 1:1 to vaccine or to placebo
in addition to standard of care (Table v). Although
no improvement in overall survival between the

arms was observed, a prospectively planned subset
analysis demonstrated a 46% improvement in the
death rate for patients with good prognosis (no risk
factors) who were treated with vaccine and interleu-
kin 2 (p = 0.04). Thus, patients with a lower tumour
burden appeared to derive benefit when vaccine was
added to treatment with interleukin 2, but patients
with a higher tumour burden did not.

The autologous whole-tumour-cell vaccine
OncoVax (Vaccinogen, Frederick, MD, U.S.A))
is delivered with bacille Calmette—Guérin. In a
randomized controlled study of 254 patients with
stage 11 and 111 colorectal cancer who all received
standard therapy, a trend toward improved survival
(p=0.073) was observed in the patients who, in ad-
dition, received 3 weekly vaccinations, followed by
abooster at 6 months (7 = 128)23. The randomization
was stratified by disease stage, and a prospective
planned analysis by disease stage was performed.
Subjects with stage 11 disease had a clinically mean-
ingful and statistically significant improvement in
5-year recurrence-free survival (78.7% vs. 62.3%,
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p = 0.008). Furthermore, improved 5-year overall
survival was observed in vaccine-treated patients
(82.5%) compared with patients in the control group
(72.7%, p = 0.014). The findings from this study led
to approval of OncoVax in Europe and to a confirma-
tory global phase 111 randomized study in patients
with stage 1 colorectal cancer (n = 550) 2°.

LESSONS FOR THE FIELD

Traditionally, experimental cancer therapies are
tested first in patients for whom all available agents
of known benefit have failed. In the case of experi-
mental chemotherapeutic agents, substantial ethical
considerations are involved in exposing patients to
therapies with significant toxicities and no known
benefit when therapies with known benefit are avail-
able. For experimental cancer immunotherapies,
this traditional approach has meant that early testing
has been done in patients who have failed multiple
regimens of chemotherapy—exactly the wrong
patient population for testing therapeutic cancer
vaccines. In one study, the ability to mount an im-
mune response to therapeutic vaccine was directly
correlated with fewer prior chemotherapy regimens
and longer time since last chemotherapy 2”.

It is interesting to note that until 2010, only 1
chemotherapy regimen showed a survival benefit in
prostate cancer. In the randomized clinical trials of
therapeutic prostate cancer vaccines that showed a
survival benefit, only a small minority of patients
had received prior chemotherapy. Because (a) the
average life expectancy of patients with mcrrc is
3—4 years from initial progression on androgen-
deprivation therapy 28, (b) the median time to
progression on docetaxel-based therapy for mcrrc
is about 6 months 2%, and (c) there is no accepted
standard timing for the initiation of chemotherapy in
the course of mcrec (early vs. late), it is reasonable
to offer second-line androgen-deprivation therapy
(which has not been shown to improve survival)
or therapeutic vaccines (experimental or not) be-
fore chemotherapy. Furthermore, the suggestion
has been made that, if treated with vaccine first,
patients may experience improved outcomes with
subsequent therapies 4-15-30-34,

Besides bearing the potentially negative impact
of prior chemotherapy on the immune system, pa-
tients who progress after chemotherapy often have
a larger tumour burden—a fact that has several
implications for the use of therapeutic vaccines.
Tumours often secrete cytokines such as transform-
ing growth factor f§ and interleukin 10 that have
negative effects on the immune system. Another
immune-relevant molecule found in tumours is
indoleamine 2,3-dioxygenase, an inducible enzyme
involved in tryptophan catabolism. The depletion of
tryptophan in tumours by this enzyme decreases the
functionality of effector T cells and causes dendritic
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cells to become immunosuppressive *°. In addition,
tumours often harbour immunosuppressive cells such
as regulatory T cells, myeloid-derived suppressor
cells, and immature dendritic cells, so that a larger
tumour mass may have an even greater inhibitory
effect on the immune system. Taking all of those fac-
tors into account, therapeutic vaccination as a single
modality for patients with rapidly growing tumours
or extensive symptomatic metastatic disease may be
not only unreasonable, but also biologically futile.

SUMMARY

Emerging data from randomized clinical trials
support the intuitive hypothesis that therapeutic
vaccines may be most effective in patients with
early-stage disease and a lower tumour burden. Fu-
ture clinical studies of therapeutic vaccines should
enrol patients with more indolent disease char-
acteristics, lower tumour burden, or both. Where
possible, therapeutic vaccines should be tested
before the patients receiving the vaccines undergo
long courses of systemic chemotherapy. Deciding
how early in the disease course to test therapeutic
vaccines should arise from an understanding of the
effects of currently available standard therapeutic
options, together with expected overall survival.

To date, overall survival is the only consistent
indicator of clinical benefit for therapeutic can-
cer vaccines. Efforts are being made to identify
earlier markers of clinical benefit that correlate
with survival. Such metrics include relapse-free
survival or metastasis-free survival in patients
with no evidence of disease, and immunologic
parameters. Until such endpoints are validated,
overall survival should be the primary endpoint
of definitive efficacy studies of therapeutic cancer
vaccines as single agents.
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