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for active specific immunotherapy. Furthermore, new
TAA and tumor-derived HLA class I ligands have been
identified.”*

In 2006, Uemura et al. reported the results of a phase I
trial using CA9 vaccine.®® In that trial, they showed that
vaccination with three CA9 peptides is well tolerated and
feasible in 23 HLA-A24+ patients with progressive
cytokine-refractory RCC. Approximately 70% of evaluable
patients showed CA9-specific CTL, as well as immunoglob-
ulin G responses, and the clinical response rate was 39%. At
least 12 vaccinations were required to elicit specific CTL,
which possibly suggests the low immunogenicity of these
peptides. In 2007, Bleumer ef al. reported the results of a
similar trial using a HLA-A0201-restricted 9-mer peptide,
CA 9p254, and a HLA-DR-restricted 20-mer peptide, CA
9p249-loaded DC vaccine® Five intradermal vaccine
injections did not induce peptide-specific CTL and immu-
noglobulin G. Although it is difficult to compare these two
different vaccine trials, it is suggested that induction of
immune response might be associated with the number of
vaccinations.

Tiyama et al. presented the results of a phase I/II study of
peptide vaccine therapy for various malignancies in 2007. In
this trial, of the three patients with progressive mRCC, two
cases showed long SD and peptide-specific CTL immune
response after vaccination of an HLA-A2402-restricted
9-mer genetically modified WT1 peptide.®! WT1 peptide
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vaccine induced grade 3—4 leukocytopenia in two patients
with myelodysplastic syndrome, which might indicate a suf-
ficient induction of specific CTL to eradicate target cells in
bone marrow. Suekane etal. showed that personalized
peptide vaccines with four different peptides administered
every second week were well tolerated and induced peptide-
specific humoral immune response in a small phase I study.
Six out of 10 patients with cytokine-refractory mRCC
showed SD after vaccination.”’ Recently, Patel et al.
reported the results of two completed phase II trials that
evaluated heat-killed Mycobacterium vaccae SRL172 for
mRCC patients. In the first non-randomized trial, SRL172
was feasible, as well as IL-2 or IFN-q, and more effective
than chemotherapy in mRCC patients. The second rand-
omized trial showed that SRL.172 in combination with IL-2
had no clinical advantage with regard to efficacy over IL-2
alone.®

In 2010, Rahma ef al. reported the results of a phase I/II
trial with six mRCC patients receiving mutant VHL peptide
mixed with the immune-stimulating adjuvant montanide
subcutaneously every 4 weeks until disease progression or
utilization of all available peptide stock. Four patients
showed specific immune responses against the correspond-
ing mutant VHL peptides. Median OS and PFS rates were
30.5 and 6.5 months, respectively. Three of the six treated
patients were still alive 57, 87 and 88 months after starting
treatment without further conventional treatment. The
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vaccine was well tolerated without any grade 3 or 4 adverse
events.5

TroVax (Oxford BioMedica, Oxford, UK) is a novel
vaccine based on a MVA vector engineered to express 5T4
TAA, found in more than 95% of clear cell and papillary
RCC tumors. 5T4 antigen is a transmembrane glycoprotein
overexpressed in a variety of malignant tumor cells, but with
a limited expression in normal tissues. The safety
and efficacy of TroVax have been evaluated in several
phase VII clinical trials.””"*" Results from nine completed
phase I and II trials in colorectal, renal and prostate cancer
in approximately 190 patients showed that TroVax is safe
and well tolerated. A cross-trial analysis of all evaluable
patients showed a statistically significant association
between immune responses to 5T4 and OS.*° TRIST study
(a randomized, double-blind, placebo-controlled Phase III
trial in patients with advanced or mRCC) was completed in
2009. The primary endpoint was OS. TroVax was well tol-
erated when administered with IL-2, IFN-0, or sunitinib.
Although significant survival advantage was seen in good-
prognosis patients treated with IL-2 plus TroVax compared
with patients treated with IL-2 alone, there was no statistical
difference in OS between the two groups (median 20.1
months MVA-5T4 vs 19.2 months placebo; P = 0.55).

IMA901 (Immatics Biotechnologies GmbH, Tiibungen,
Germany) is the first therapeutic vaccine for RCC consisting
of multiple TUMAP confirmed to be naturally presented in
human cancer tissue. Results from a completed phase II trial
of IMA901 combined with standard care showed signifi-
cantly enhanced survival rates and time to progression in
patients treated with IMA901 vaccine therapy. Furthermore,
enhanced survival was seen in patients additionally treated
with one application of cyclophosphamide before commenc-
ing vaccination. Recently, Walter et al. reported the outcomes
of phase I/II clinical trials using IMA901.9” They treated a
total of 96 HLA-AOQ2 positive patients with mRCC with
IMA901 in two consecutive studies. In the phase I study, they
showed that the T cell responses of the patients to multiple
TUMAP were associated with better disease control. The
randomized phase II trial showed that a single dose of cyclo-
phosphamide administration before IMA901 immuno-
therapy reduced the number of regulatory T cells, and
confirmed that immune responses to multiple TUMAP were
associated with longer OS. A randomized phase III study to
determine the clinical benefit of treatment with IMA901 is
now ongoing (NCT 01265901). IMA901 multipeptide
vaccine, such as sipuleucel-T, is one of the most available
peptide vaccines in clinical practice in the near future.

Studies in the adjuvant setling

In 2008, Wood et al. published the clinical outcomes of
adjuvant vaccine therapy with autologous tumor-derived
heat-shock protein (glycoprotein-96) peptide complex

(HSPCC-96; vitespen; Oncophage) in 361 patients com-
pared with observation alone in 367 patients at high risk for
recurrence after nephrectomy in a multicenter, open-label,
randomized phase III trial.®® PFS was not significantly
improved after vaccine therapy with recurrence reported in
37.7% in the vaccine group and 39.8% in the observation
group (P=0.506; HR 0.923; 95% CI 0.73-1.17). This
investigation represents the largest study completed to date
regarding vaccination strategies in RCC. However, OS data
were not enough to be favorably evaluated. An insignificant
trend towards a better PFS was only noted for the less
advanced RCC patients. Another trial has been commenced
to follow the remaining 500 patients to obtain mature data
on OS. Furthermore, among 33 PD patients on vitespen
alone, two patients showed SD after the addition of IL-2.
This peptide vaccine has also been applied to those with
mRCC.%

Although DC-based vaccine has been the major stream in
the vaccine therapy, peptide-based vaccination still remains
as an attractive method because of its technically easy
approach. At present, the most promising approach in
vaccine therapy in patients with RCC seems to be peptide-
based vaccination with CA9, MVA-5T4 or IMA901.

Present limitations of vaccine therapy

One of the greatest obstacles for the development of vaccine
therapy, especially in RCC patients, is the lack of specific
TAA. The concept of immunotherapy is theoretically
simple; however, it has been shown that the immune system
is very complex from the practical experiences. Tumor sur-
veillance derives from over 1000 tumor antigens that could
enhance the adaptive immune response.®"*2 As there are still
few TAA identified from RCC, many investigators have
chosen to use DC-based or autologous tumor cell lysate
vaccines to overcome this problem. It has also been pro-
posed that because of the complicated nature of cancer cells
and their genetic instability, expression of molecules tar-
geted by effector T cells, such as TAA, MHC molecules and
molecules associated with antigen processing and presenta-
tion, might be reduced or lost.®%*

Conclusion

Clinical investigations of vaccine therapy in RCC patients
have shown that this treatment modality is safe and less toxic
than other currently available molecular targeted therapies.
Adverse events are less frequent and they are mostly grade 1
or 2. However, although immune and clinical responses have
been noted in phase I/II trials among smaller patient cohorts,
clinical benefits have not yet been fully proven in rand-
omized phase III trials.

Despite small confirmative evidence-based data support-
ing vaccine therapy for RCC patients in clinical practice,

© 2013 The Japanese Urological Association
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vaccine therapy might have an important role of treatment
for those with RCC in the future, even in the era of targeted
therapy. Further well-designed clinical trials including opti-
mally selected patients (nephrectomized, with non-massive
metastases and good performance status) should be required
to warrant vaccine therapy for RCC.
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RO CTL ¥ b =775 F 31 FEE (40
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BIRABEERHL T5Y. BARAD 99% Ll LS
INLOWTNPDOHLAREZETLZ L0 0,
INHEIIETHRTF ey b 31D hdh
LEIRTHZLICLY, HAMIIZEEICHIGT
BEE ol BEETIPABEENRELE]
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