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Abstract

Background Anti-tumor vaccination is a new frontier in
cancer treatment applicable to immunogenic neoplasms
such as prostate and renal cancers. GX301 is a vaccine
constituted by four telomerase peptides and two adjuvants,
Montanide ISA-51 and Imiquimod.

Objective The aim of this study was to analyze safety and
tolerability of GX301 in an open-label, phase I/II trial.
Immunological and clinical responses were also evaluated
as secondary endpoints.

Experimental design  GX301 was administered by intra-
dermally injecting 500 pg of each peptide (dissolved in
Montanide ISA-51) in the skin of the abdomen. Imiquimod
was applied as a cream at the injection sites. The protocol
included 8 administrations at days 1, 3, 5, 7, 14, 21, 35, 63.
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Eligible patients were affected with stage IV prostate or
renal cancer resistant to conventional treatments. Patients
were clinically and immunologically monitored up to
6 months from the first immunization.

Results No grade 3-4 adverse events were observed.
Evidence of vaccine-specific immunological responses was
detected in 100 % of patients. Disease stabilization
occurred in 4 patients. Prolonged progression-free survival
and overall survival were observed in patients showing a
full pattern of vaccine-specific immunological responses.
Conclusion GX301 demonstrated to be safe and highly
immunogenic. Further studies are needed to determine its
clinical efficacy.
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Introduction

Prostate cancer is a major medical problem being the most
common cancer and a leading cause of death from cancer
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in men [1]. This tumor poses therapeutic problems when the
disease is diagnosed either in young patients, since radical
prostatectomy has poor tolerability in these individuals, or
in advanced, castration-resistant patients, since actual
standard therapeutic options have poor efficacy [2, 3].

Renal cell carcinoma incidence increases at a rate of
2 % per year. About 25-30 % of patients have advanced,
metastatic disease at diagnosis, and actual therapeutic
approaches have poor efficacy (23 % of metastatic patients
survive after 5 years from diagnosis) [4].

Both prostate and renal cancers are immunogenic
tumors [5, 6] so that could benefit from immunostimulating
treatments. Several vaccination protocols are under evalu-
ation for the treatment of these diseases [4, 7, 8], and
Sipuleucel-T recently received FDA approval as treatment
for prostate cancer [9]. Hence, we applied GX301, a new
telomerase-based tumor vaccine, to the treatment of pros-
tate and renal cancer patients.

Telomerase is the reverse transcriptase responsible for
synthesis, elongation, and stability of the telomeric regions of
chromosomes [10-13]. It is normally expressed by embry-
onic cells but not by adult somatic cells with few exceptions
and re-expressed by tumor cells since essential for tumor
immortalization [14-16]. Telomerase is immunogenic and
telomerase-specific T cells were identified in both healthy
subjects and cancer patients [17, 18]. In a previous study, we
observed that about 90 % of cancer patients have telomerase-
specific CTL in the circulation [19]. All together, these
findings support the concept that telomerase may represent a
universal tumor-associated antigen [20]. For this reason,
several clinical trials were performed using telomerase as
immunogenic agent in cancer patients in the last decade. In
these trials, telomerase was administered in different
molecular forms achieving variable degree of immunological
and clinical responses [21-28]. Here, we report on the
immunological and clinical effects of GX301 that was
designed in order to increase the immunogenicity of telo-
merase vaccines and can be indifferently applied to a wide
array of tumors including prostate and renal cancers.

Materials and methods
Patients

Between January, 2010, and April, 2012, a phase I/II trial
was performed at the San Martino University Hospital
(Genoa, Italy) to assess the safety and tolerability of GX301
vaccine administered to patients affected with stage IV
prostate or renal cancer. Fourteen patients were enrolled, 11
with prostate cancer and 3 with renal cancer. Inclusion
criteria were as follows: (a) Prostate cancer patients: clear
disease progression, serologically (PSA increase in the last
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3 months) and radiology assessed, and resistance to hor-
mone therapy and at least one chemotherapy regimen;
(b) Renal cancer patients: resistance to at least three lines of
therapy, including biologic agents; (c) Eastern Cooperative
Oncology Group performance status <2; (d) Acceptable
hepatic, renal and hematological functions defined as total
bilirubin, AST, ALT, alkaline phosphatase, creatinine
<2 x upper normal limit (UNL), hemoglobin >7 g/l, leu-
kocytes >3 x 107 cells/l, platelets >100 x 10° cells/I;
(e) Expression of the HLA-A2 antigen. Patients with brain
metastases were excluded from the study, although brain
computerized tomography (CT) scan was mandatory only if
clinically indicated. All enrolled patients had diffuse met-
astatic disease. Patients discontinued chemotherapy at least
30 days before the first immunization. A summary of
patient’s characteristics is provided in Tables 1 and 2. The
protocol was approved by the national institutional review
board (Istituto Superiore di Sanita) and by the local ethics
committee of the “Azienda Ospedaliera Universitaria San
Martino di Genova”, which gave clear indications on both
the dimension and clinical stage of the patient population to
be treated. The study was performed in accordance with the
Declaration of Helsinki and with Good Clinical Practice as
defined by the International Conference on Harmonization.
All patients gave voluntary, written informed consent.
This study is registered with the European Union Drug

Table 1 Baseline patient characteristics

Characteristics Values
Age (years)
All patients 71.5 (49-81)
Prostate cancer patients 74 (57-81)
Renal cancer patients 63 (49-72)
Ethnic origin
Caucasian 14 (100 %)
Gleason score
Gleason 4-6 3 (27 %)
Gleason 7 5 (45 %)
Gleason 8-10 3 (27 %)
Metastasis
Bone 14 (100 %)
Visceral 13 (92 %)
PSA (ug/l) 155 (10-400)

119 (89-153)
0.9 (0.6-1.4)
350.5 (216-1,934)
239 (125-2,945)

8.7 (4.8-73)

Hemoglobin (g/1)
Creatinine (mg/dl)

Lactate dehydrogenase (U/l)
Alkaline phosphatase (U/1)
C-reactive protein (mg/l)

Data are n (%) or median (range)

PSA prostate-specific antigen
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Table 2 Patient treatments before GX301 administration

Patient Surgery Hormone Chemotherapy Radiotherapy

code therapy

TELOIP* No Yes Cyclophosphamide ~ No

TELO4P No Yes Docetaxel, Yes
carboplatin,
cyclophosphamide

TELO5SR No N/A Sunitinib, sorafenib  Yes

TELO6P  Yes Yes Docetaxel Yes

TELO7P No Yes Cyclophosphamide, Yes
docetaxel

TELO9P  Yes Yes Estramustine Yes

TELIOP  Yes Yes Cyclophosphamide, No
vinorelbine

TELI11R Yes N/A Bevacizumab, No
interferon,
sunitinib

TEL14P No Yes Docetaxel No

TEL15P No Yes Cyclophosphamide  Yes

TEL16P  Yes Yes Docetaxel, Yes
ketoconazole

TEL22P  Yes Yes Docetaxel, cisplatin ~ Yes

TEL25R No N/A Sunitinib, Yes
bevacizumab

TEL28P  Yes Yes Docetaxel, Yes
estramustine

N/A not applicable

* P in patient code relates to prostate cancer while R to renal cancer

Regulating Authorities Clinical Trials, EudraCT number
2009-011330-10 (URL: http://eudract.ema.europa.eu/).

Treatment

GX301 vaccine is constituted by 4 telomerase peptides
(peptidesao sas, peptidesi1-626, Peptideszz ess, peptideses 7s0)
and two adjuvants, Montanide-ISA51 (Seppic Italia s.r.l.,
Milan, Italy) and Imiquimod (Aldara, Meda Pharma spa,
Milan, Italy). The peptidesso_s4g Was chosen because highly
immunogenic and HLA-A2-restricted [29] and the other
peptides were selected because of their high HLA promis-
cuity [26, 30, 31]. Peptides were purchased from Bachem AG
(Bubendorf, Switzerland). Each peptide (500 pg) was dis-
solved in sterile physiological saline (300 pl) and emulsified
in Montanide-ISA51 (300 pl). The obtained emulsion
(~550 pl due to the dead volume of the syringe) was
administered by intradermal injection in contiguous sites of
the abdominal skin. To this end, a circle divided into four
quadrants was designed on the abdomen skin by a marking
pencil: each peptide was injected in only one of the four
quadrants for all the repeated administrations. Hence, it
was possible to monitor separately the local response to
each peptide. Immediately after peptide administration,

Imiquimod, in the form of cream, was applied to the sites of
vaccine administrations. The schedule of vaccination inclu-
ded administrations on days 1, 3, 5, 7, 14, 21, 35, 63.

Clinical evaluation

Patients were monitored by physical examination and lab-
oratory tests of serum chemistry, complete blood count,
lymphocyte subset immunophenotype, and PSA levels on
days 0, 7, 14, 21, 35, and 63, then monthly up to 180 days.
Radiological studies included bone scan and chest, abdomen
and pelvis CT scan on days 0, 90, and 180. Disease pro-
gression was established according to RECIST criteria [32].

Immunological evaluation

Evaluation of the immunological response to GX301 was
the secondary endpoint of the study. We performed a panel
of immunological tests to analyze phenotype of circulating T
lymphocytes, as well as frequency, IFNy secretion, prolif-
eration, and cytotoxic activity of vaccine-specific T cells. To
this aim, peripheral blood mononuclear cells (PBMC) were
purified from heparinized blood samples by centrifugation
on Ficoll density gradient. Immunological analyses were
performed at baseline and 14, 30, 90, 180 days after the first
immunization. When a limited number of cells were avail-
able, a restricted panel of tests was performed. Each pro-
cedure was performed as here described.

Lymphocyte subset count

The absolute number of lymphocyte subpopulations was
determined as follows. One hundred microlitres of whole
blood, collected in Vacutainers containing tetrasodium
EDTA, was stained with a mix of the following monoclonal
antibodies (mAbs) conjugated with fluorochromes as
specified: anti-CD45-fluorescein isothiocyanate (FITC),
anti-CD4 R-phycoerythrin (RD1), anti-CD8-phycoerythrin-
Texas Red (ECD), anti-CD3-R-phycoerythrin-cyanin5
(PC5), and a mix of anti-CD45-FITC, anti-CD56-RD1, anti-
CD19-ECD, and anti-CD3-PC5 (Coulter, Hialeah, FL) for
15 min at room temperature. After fixation and red cell lysis
by an automated cell preparator (TQ-Prep Coulter), 100 pl
of fluorospheres Flow-Count (Coulter) was added to sam-
ples for the determination of lymphocyte subset absolute
number. The acquisition and analysis were performed on a
CYTOMIX™FC500 cytometer (Coulter) using a Tetra-
CXP™ (Coulter).

Phenotypic analyses

Cell expression of membrane antigens was analyzed by
immunofluorescence incubating 100 pl of whole blood,
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collected in Vacutainers containing tetrasodium EDTA,
with membrane antigen-specific mAbs. In particular, the
mAbs used were as follows: anti-CD25-FITC and anti-
CD45RA-FITC (BD Biosciences, San Jose, CA, USA),
anti-CCR7-phycoerythrin (PE) and anti-CD127-PE (BD
Biosciences), anti-CD25-PE (Miltenyi, Bergisch Gladbach,
Germany), anti-CD28-Peridinin Chlorophyll Protein Com-
plex-cyanin 5.5 (PerCPCy5.5) (e-Biosciences, San Diego,
CA, USA), anti-CD8-PECy7 or anti-CD8-APC (Biolegend,
San Diego, CA, USA), anti-CD45RA-allophycocyanin
(APC) and anti-CD45RO-APC (BD Biosciences), anti-
CD3-APC-Cy7 (Biolegend, San Diego, CA, USA) or anti-
CD3-PerCPCy5.5 (e-Biosciences, San Diego, CA, USA).
The samples were treated with 1 ml of BD FACS lysing
solution (BD) and washed once with PBS. The acquisition
and analysis were performed by a FACSCanto flow
cytometer using FACSDIVA software (BD).

Proliferation assay

The assessment of proliferative response was performed by
dye dilution assay in flow cytometry, as already described
[33]. PBMC were stimulated by a mix of 20 pg/ml final
concentration of each of the four GX301 vaccine peptides or
1 pg/ml pokeweed (PKW, Sigma-Aldrich) as positive con-
trol for 4 days. The cultures were acquired on a FACSCanto
cytometer using FACS DIVA software and 5 x 10* live
lymphocytes were collected for each sample. The results
were expressed by stimulation index (SI), as the ratio
between percent of CFSEY™ cells in stimulated samples and
percent of CFSE®™ cells in unstimulated sample. The value
of SI >2 was referred as positive proliferative response.

Pentamer staining

For pentamer staining, PBMC were incubated with
A*02:01/ILAKFLHWL-PE Pro5® MHC Pentamer of Tel-
omerase (hTERT, Proimmune) following manufacturer
instructions. Pentamer loaded with the HIV peptide A0201/
*SLYNTVATL-A was used as a negative control. Cells
were stained with pentamers for 10 min at room tempera-
ture, washed in washing buffer, and stained with anti-
CD3APC-Cy7 and anti-CD8 PerCP-Cy5.5 mAbs (Bioleg-
end) at room temperature for 20 min. Samples were washed
once with PBS and acquired on a FACSCanto cytometer

(CFSE"="7 — AADP*)

test sample

(%) — (CFSE™¢"7 — AADP™)

using FACS DIVA software. Gate was set on CD3" T
lymphocytes and the results were expressed as percent of
pentamer " CD3TCD8™ T cells.

Assessment of vaccine-specific IFN-y* T-cell frequency

PBMC were stimulated by a mix of 20 pg/ml final concen-
tration of each of the four GX301 vaccine peptides in the
presence of recombinant human interleukin (thIL)-7 (10 ng/
ml) (Peprotech), as previously described [34]. At day 3, rhIL-
2 (10 U/ml) was added to the cultures. After 10 days, the
cells were re-stimulated overnight with vaccine peptides as
above. Ten pg/ml of Brefeldin A was added during the last
3-h incubation. Non-re-stimulated T cells were used as
negative controls. Then, the cells, washed and stained
sequentially with LIVEDEAD (Invitrogen), anti-CD3APC-
Cy7, and anti-CD8-PerCP-Cy5.5 mAbs, were permeabilized
using the Cytofix/Cytoperm kit (BD Bioscience) according to
the manufacturer’s instruction and incubated with an anti-
IFN-v-FITC mAb (BD Bioscience). Finally, cells were
resuspended in FACSL solution (BD Bioscience) and
acquired on a FACSCanto cytometer using FACS DIVA
software. The results were expressed as frequency of IFN-y
producing cells in CD3*CD8% or in CD3"CD8™ alive
lymphocytes after subtracting the frequency of unstimulated
T cells spontaneously secreting IFNy.

Cytotoxic assay

Cytotoxic activity was analyzed by flow cytometry as
previously described [35]. TAP-deficient, HLA-A2% T2
target cells (1 x 107 cells) (a kind gift from Prof R. De
Palma, University of Naples, Italy) [36] were resuspended
in 1 ml PBS containing CFSE (5 uM) for 5 min at room
temperature and then washed twice in PBS-1 % fetal calf
serum at 4 °C. Labeled cells (5 x 10° ) were pulsed (or not)
with 10 pg of telomerase peptidessg_sqsg for 90 min at
37 °C. After washings, 5x10° target cells were incubated at
37°C in 5 % CO, for 6 h with patient PBMC at a 20:1
effector to target ratio in round-bottom microtiter plates.
Negative control was performed with non-pulsed target
cells. Then, the cells were collected and 5 pl of 7-amino-
actinomycin D (7-AAD 0.25 pg; BD) was added to each
cell culture before the flow cytometry acquisition. The
percentage of specific lysis was calculated as

control sample (%) « 100

Specific lysis (%) =

100 — (CFSE"&"7 — AADP*)

(%)

control sample
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Since cell purification procedures usually cause loss of
several cells, in order to save cells for executing the widest
possible panel of tests, cytotoxic assays were performed
using patient PBMC and then normalizing achieved values
to the percentage of CD3"CD8™" T cells detected among
PBMC by phenotypic analysis.

Assessment of IFN-y production by ELISPOT

ELISPOT assay was performed as described [37]. T2 cells
(1 x 10*well) were incubated with 2 x 10°/well PBMC
in the presence or not of GX301 vaccine peptides (10 pg/ml
each) for 20 h at 37 °C. Spots were enumerated using the
automated analyzer Bioreader 2000 (BIO-SYS GmbH,
Karben, Germany). The mean number of spots was cal-
culated and net results (corrected for background signals
detected in samples with medium alone) were expressed as
the number of spot-forming cells (SFC) per 10° PBMCs.

Statistical analyses

Statistically significant differences between mean values of
immunologic parameters were analyzed by the Wilcoxon
matched pairs test or by the Mann—Whitney test for
nonparametric values. Time-to-event endpoints such as

progression-free survival and overall survival were esti-
mated with the Kaplan—-Meier product limit method. Dif-
ferences were considered statistically significant when
P < 0.05. All statistical analyses were performed using the
GraphPad Prism 4.0 Software (GraphPad Software Inc, La
Jolla, CA, USA).

Results
Safety and adverse events

A total of 106 immunizations were performed (Table 3).
Immunizations were well tolerated by all the patients and no
severe (grade 3 or 4) adverse events were observed. The
most frequently observed adverse events were as follows:
(1) local erythema and granulomata formation at the
injection site (all patients) (Fig. la); (2) moderate fever
(<38.5 °C) within the first 24 h from immunization (five
patients); (3) bone pain (nine patients). Noteworthy, neither
reduction in hemoglobin, reticulocyte levels and of
B-lymphocyte or T-lymphocyte percentages in the periph-
eral blood, nor mucositis were observed, dispelling any
concerns related to a possible toxicity on actively prolifer-
ating cells. No signs of autoimmune disease were observed.

Table 3 Overview of immunological responses, number of immunizations, and status of the different patients

Patient code Proliferation® Cytotoxicityb ELISPOT® Intracyto IFN«/d Pentamers® Administered doses Status
TELO1P" 1.7 (14 days) 8 (14 days) 0 ND# 2.5 (14 days) 5 Dead
TELO4P 1 (14 days) 19 (14 days) 0 ND ND 7 Dead
TELOSR 3.3 (180 days) 66 (180 days) 41 (180 days) 5.3 (90 days) 4.5 (180 days) 8 Dead
TELO6P 1.3 (14 days) 0 52 (30 days) 10 (30 days) 0.7 (30 days) 8 Dead
TELO7P 8.4 (90 days) 8 (14 days) 35 (180 days) 6.2 (90 days) 0.8 (180 days) 8 Dead
TELO9P 1.8 (90 days) 48 (14 days) 42 (14 days) 0.2 (30 days) 0.7 (90 days) 8 Dead
TEL10P 11.6 (90 days) 8 (180 days) 40 (90 days) 2.1 (180 days) 0.2 (180 days) 8 Dead
TELI1R 8.6 (90 days) 0 26 (90 days) 1.9 (90 days) 0 8 Dead
TEL14P 2.3 (90 days) 65 (30 days) 34 (30 days) 0.3 (30 days) 1.5 (90 days) 8 Alive
TELI15P 3.6 (30 days) 29 (30 days) ND 3.6 (14 days) 2.4 (30 days) 8 Alive
TEL16P 2.6 (90 days) 84 (90 days) ND 0.5 (90 days) 1.8 (30 days) 8 Alive
TEL22P 2 (14 days) 7 (14 days) ND 0.4 (14 days) 0 6 Dead
TEL25R 1.2 (30 days) 44 (90 days) ND 6.1 (30 days) 0 8 Dead"
TEL28P 2 (30 days) 18 (30 days) ND 0.2 (14 days) 1.2 (14 days) 8 Alive

* Data are expressed as stimulation index; values >2 were considered as positive

" Data are expressed as percentages of specific lysis; values >15 were considered as positive

¢ Data are expressed as number of spots/ 10° PBMC, values >20 were considered as positive

9 Data are expressed as percentage of vaccine-specific CD4" IFNy+ T cells, values >0.2 % were considered as positive

¢ Data are expressed as percentage of CD8 pentamer™ T cells, values >0.2 % were considered as positive. For all values, the timing of the
assessment (days after baseline) is indicated in parentheses; for each patient, the highest value registered in the different assessments is reported

P in patient code relates to prostate cancer while R to renal cancer
€ ND: not done

" Patient TEL25R died after 87 days from the first immunization
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TELOSR: 5" day, 3" injection TELO5R:14™ day, 5" injection
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Concerning the local reaction at the injection site, its
initial signs (faint redness) invariably appeared in
7-14 days from the first administration. However, the
timing of appearance differed among the four quadrants
where the peptides were separately injected, likely sug-
gesting a different timing of induction of the immune
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response against each peptide. The order of appearance of
the local reaction against each peptide differed also among
patients, indicating a diverse immune status and predispo-
sition to specific reactivity among the patients, as expected.
All patients showed an evident local response (redness and
cell infiltration) in the four quadrants after 3—4 weeks from
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<« Fig. 1 GX301-specific T-cell responses. a Local skin reaction at the

site of peptide injections at different time-points of GX301 admin-
istration to patient TELOSR. A clockwise dial was designed on the
abdominal skin: telomerase peptidesso s4g, peptidesii_eae. PEP-
tideg72_686, peptidesss_780 Were separately injected in the upper left,
upper right, lower left, and lower right quadrants, respectively.
b Phenotypic analyses on circulating CD4" (left panel) and CD8"
(right panel) T lymphocytes. Percent concentration of naive, central
memory, effector memory, and terminally differentiated T-cell
subpopulations (T cells), analyzed by flow cytometry, are shown.
Data, collected at baseline and after 14, 30, 90 and 180 days from the
first immunization, are expressed as min-max boxes =+ standard
deviation for 14 patients. *P = 0.05 versus the baseline value.
¢ Functional analyses on circulating T lymphocytes of treated
patients. The panel of immunological tests included the analyses of:
GX301-specific proliferation (proliferation); GX301-specific cyto-
toxicity (cytotoxicity); frequency in the PBMC of T cells secreting
IFNy in response to vaccine peptides analyzed by ELISPOT
(ELISPOT); frequency of circulating vaccine-specific CD4 TFNy™
T cells analyzed by intracytoplasmic immunofluorescence (intracy-
toplasmic IFNy production); frequency of circulating CD8' T cells
binding HLA-A2 pentamers loaded with the telomerase peptidesso_s4s
(Pentamer staining). Data are expressed as min—max boxes + stan-
dard deviation for 14 patients. *P = 0.05 versus the baseline value;
**P = 0.01 versus the baseline value

the first administration. In surviving patients, the local
reaction lasted for several months. However, no patients
complained for pain, discomfort, or ulceration phenomena.

Immunologic response
Phenotypic analyses

No significant changes of both absolute and percent con-
centrations of circulating total lymphocytes as well as T, B,
and NK cells were observed during the 6 months following
the first immunization (not shown). Similarly, no significant
variations of total CD4" and CD8" T cell numbers were
detected. However, the analysis of CD4" and CD8* T cell
subsets, namely naive (CD45RA+ CCR7+), central mem-
ory (CD45RA— CCR7Y), effector memory (CD45RA—
CCR7-), and terminally differentiated (CD45RA+ CCR7—
) subpopulations [38, 39], showed progressive increase in
both naive and central memory subsets during the initial
3 months after the first immunization, followed by their
return to values comparable to baseline and by the expansion
of terminally differentiated CD4" T cells at the 6-month
assessment (Fig. 1b).

The frequency of circulating CD4" CD25+ CDI127—
regulatory T cells (Treg) was evaluated at baseline showing
increased values with respect to that of 10 healthy donors
(Supplementary Fig. S1).

Proliferation activity

Vaccine-specific proliferation activity of circulating T
lymphocytes was analyzed stimulating patient’s PBMC

with the 4 vaccinating peptides. A test was considered
positive when the stimulation index (SI) (i.e., the ratio
between the proliferative response of stimulated PBMCs
and that of unstimulated PBMCs) was >2. No patients
showed vaccine-specific T-cell proliferation at the baseline.
However, 9 patients (64 %) showed a specific proliferation
response at different time-points after vaccination. Subse-
quently, the mean ST at the time-points comprised between
30 and 180 days was significantly higher than the basal one
(Fig. 1c, proliferation panel). A representative analysis
performed on cells from TEL1IR patient is shown in
Supplementary Fig. S2.

Cytotoxic function

Vaccine-specific cytotoxic activity of circulating T lym-
phocytes was analyzed by flow cytometry incubating
patient PBMC with CFSE-labeled T2 cells, pulsed or not
with a pool of the vaccinating peptides. Vaccine-specific
cytotoxic values >15 % were considered as positive.
PBMC from 8 patients (57 %) exerted peptide-specific
cytotoxic activity at various time-points from the first
vaccination. Figure lc (cytotoxicity panel) shows that the
mean cytotoxic activity at all time-points following the first
immunization was higher than that at baseline, with sta-
tistically significant differences registered after 30 and
90 days. A representative analysis performed on cells from
TEL14P patient is shown in Supplementary Fig. S3.

ELISPOT analysis

The ELISPOT analysis was performed to calculate the
frequency of circulating total T cells secreting IFNy after
PBMC exposure to the 4 immunizing peptides. Analyses
were performed on PBMC from 9 patients (Table 3). Seven
out of 9 (77 %) tested patients showed increased frequency
of vaccine-specific IFNy-secreting cells after the beginning
of vaccination so that the mean frequency at 30-, 90-, and
180-day time-points was significantly higher than that at
baseline (Fig. 1c, ELISPOT panel).

Intracytoplasmic IFNy secretion

The frequency in patient PBMC of IFNy secreting
CD4 + and CD8 + T cells after incubation with the vac-
cination peptides was evaluated by intracytoplasmic
immunofluorescence analyses. Analyses could be per-
formed on 12 patients. No patients showed vaccine-specific
IFNYy production by any T-cell subtype at baseline. Con-
versely, all tested patients showed both CD4 4 and
CD8 + T cells specifically responding to immunizing
peptides at various time-points following vaccination
(considering >0.2 % of IFNy secreting cells as positive
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value). Figure 1c (Intracytoplasmic IFNy secretion panel)
shows that the mean frequency of vaccine-specific CD4"
IFENy+ T cells increased after vaccination reaching a statis-
tically significant difference versus baseline after the 30-day
time-point. A representative analysis performed on cells
from TELO7P patient is shown in Supplementary Fig. S4.

Pentamer staining

The frequency of telomerase peptidesso_sss-specific CD8™
T cells was analyzed by pentamer staining in flow
cytometry using HLA-A2 pentamers loaded either with the
peptidesso.s4g or with the HLA-A2 HIV-1 gag p24 pep-
tide;9_»7 as control in association with anti-CD8 and CD3
mAbs. Patient TELO4P could not be analyzed. Increased
frequency of CD8 pentamer™ T cells in patient PBMC was
observed in 10 out of 13 tested patients (76 %) starting
from 30 days after vaccination (Fig. 1c, Pentamer panel).
A representative analysis performed on cells from TELO9P
patient is shown in Supplementary Fig. S5.

Collectively, 100 % of examined patients showed evi-
dence of specific immunological response to the vaccine in
at least 1 test (Table 3).

Clinical evaluation: progression-free survival (PFS)
and overall survival (OS)

In order to determine PFS, PSA doubling time (PSAdt) and
CT scan analyses were considered. Data on PSAdt were
available on 9 of the 11 prostate cancer patients, due to the
early death of patients TELO1P and TEL22P. For each
patient, repeated PSA measurements were performed in
order to generate pre- and post-vaccination slopes and to
calculate the PSAdt. No significant differences of PSAdt
mean values were observed between pre- and post-vacci-
nation measurements (not shown).

CT scans were performed at baseline and after 3 and
6 months from the first immunization; the 4 patients dead
before the 3-month assessment (Table 3) could not be ana-
lyzed. Multiple target lesions were identified for each
patient, and the sum of the longest diameter of each target
lesion was comparatively analyzed at the different time-
points in order to verify the disease behavior according to
RECIST criteria [32]. Four patients (TELOSR, TEL10P,
TEL16P, TEL28P) (3 with prostate cancer and 1 with renal
cancer) showed stable disease up to the 6-month assessment.

To verify the existence of correlation between immu-
nological response and clinical outcome, all patients were
retrospectively divided into two groups: the high immu-
nological responders (8 patients who showed positive
specific responses in >4 immunological tests at any time-
point) and the low responders (6 patients who showed
positive specific responses in <4 immunological tests at
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Fig. 2 Clinical effects of GX301 vaccination. Comparative analysis
of PFS (a) and OS (b) between patients showing a full immunological
response (>4 positive immunological tests) (patients TELOSR,
TELO7P, TELO9P, TEL10P, TEL14P, TEL15P, TEL16P, TEL28P)
(blue solid line) or a weak immunological response (<4 positive
immunological tests) (patients TELO1P, TEL04P, TELO6P, TEL11R,
TEL22P, TEL25R) (red dashed line)

Table 4 Up-to-date OS (days) of patients who completed the
treatment

All patients Prostate cancer Renal cancer

patients patients
No. 11 No. 8 No. 3
Mean 369 (341) 397 (398) 294 (270)
(median)
Range 87-715 (4 still  158-715 (4 still ~ 87-527

alive) alive)

any time-point). Notably, at baseline, the two groups did
not differ concerning disease stage and activity, as dem-
onstrated by the absence of significant differences related
to serologic markers of disease activity or to number/site
(bone and/or visceral) of metastatic involvement. Fig-
ure 2a, b shows that both PFS and OS significantly differed
between the two groups, suggesting a close correlation
between the immunological and the clinical outcome after
GX301 vaccination.

OS in prostate or renal cancer patients who completed the
treatment (11 out of 14) is shown in Table 4. Interestingly,
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actual OS of prostate cancer patients (four patients are still
alive) is longer than that reported in the literature for pros-
tate cancer patients with comparable disease undergoing a
second line of chemotherapy [40, 41].

Discussion

Our study shows that treatment with GX301 is safe, well
tolerated by the patients, and with potential immunologic
and clinical efficacy. When we designed the protocol, our
ambitious aim was the generation of a highly immunogenic
vaccine easy to administer and manage, not requiring par-
ticular facilities (i.e., cell factory) and/or expensive proce-
dures for its preparation, potentially covering all tumor
histological types as well as the majority of human haplo-
types. For these reasons, the initial choice was a peptide
vaccine, due to the relatively low-cost production, the high
stability, the easy preparation and administration, and the
high safety profile of peptides [42]. On this regard, our
study confirmed our anticipated safety and tolerability
profile of peptide vaccination since no grade 3—4 adverse
events were observed and vaccination was well accepted
and tolerated by all the patients. The choice of telomerase as
immunogenic antigen derives by its wide expression in
tumors that makes it a universal tumor-associated antigen
[20]. Moreover, telomerase molecule contains both HLA
class I and II restricted epitopes. Accordingly, GX301
contains peptides able to bind to different HLA class I and II
allelic molecules [18, 26, 30, 31]. This circumvents the
immunogenicity issue related to HLA restriction and allows
activation of both CD4 + and CD8 + T cells subsets, as
required for optimal immune responses [43]. Importantly,
telomerase peptidesso_ssg Was also included in GX301
because of its demonstrated high immunogenicity in HLA-
A27 individuals, who constitute almost the 50 % of Cau-
casian population [29, 44]. For this reason, our trial was
restricted to HLA-A2" cancer patients. Concerning this
peptide, although its presentation by tumor cells was
questioned by studies in which the lack of recognition of
tumor cells by telomerase peptidesso_s4g-specific CTL was
reported [27, 45], findings from our and other groups seem
to assess its suitability for immunotherapy protocols [19,
29, 46-48]. On this regard, it is likely that the inclusion in
the GX301 vaccine of two adjuvants and of other peptides
able to elicit CD4" T-cell reactivity may exert a synergic
effect able to stimulate and sustain the development of
effective telomerase peptidesso_s4g-specific CTL responses.
Indeed, how important is the choice of the adjuvant in the
induction of telomerase-specific T-cell responses was
shown by a study in which GM-CSF, but not tuberculin,
demonstrated to be an effective adjuvant for telomerase
peptideg; 26 immunization [22]. Noteworthy, physiologic

activation of adaptive immune responses occurs after the
induction of innate immune responses [49]. GX301
includes two adjuvants, Montanide ISA-51 and Imiquimod.
The former allows dissolution of peptides in a water-in-oil
emulsion that protects peptides from tissue proteases and
favors their uptake by local dendritic cells (more repre-
sented in the dermis than in the subcutaneous tissue, thus
justifying the intradermal way of administration); more-
over, it is a strong IFNy inducer [50]. The latter is a potent
activator of the Toll-like receptor 7, inducing activation and
maturation of dendritic cells [51]. The finding of 100 %
vaccine-specific immune responses in our series of patients,
associated with the evidences of generation of vaccine-
specific long-lasting T-cell responses, is quite surprising if
related to the compromised patient’s clinical conditions and
to the multiple chemotherapy regimens to which patients
were subjected before receiving GX301 vaccination. Con-
cerning the immunologic efficacy of GX301 vaccine, our
results are in line with those already shown immunizing
with the dual-peptide GV1001 vaccine [21, 22, 26] and
suggest that increasing the number of available TAA-
immunizing epitopes may represent a useful strategy for
enhancing vaccine immunogenicity. Indeed, it would be of
great interest to verify in future studies whether GX301
immunogenicity could be further potentiated by combina-
tion with agents blocking immune-regulatory circuits.
Importantly, the study enrolled patients affected with an
extremely advanced disease refractory to all available treat-
ments: this kind of patients may not represent the optimal
target for a vaccine since the advanced disease and the pre-
vious treatments may have deeply hampered their immune
competence. In the attempt to counteract a likely status of
immunodeficiency, we tried to “force” the onset of the
immune response through repeated vaccine administrations
during the first week. We are aware that this strategy could be
a double-edged sword since repeated administrations may be
detrimental for the clinical outcome of vaccination [52].
Indeed, future studies with GX301 vaccine will need to
specifically address this important issue in order to identify
the optimal schedule of immunization. Notwithstanding the
extremely advanced disease, eight patients (57 %) in our
series showed longer survival (ranging from 332 to 715 days,
with 4 patients still alive at the time of analysis) than
expected for patients with their clinical conditions [40, 41]. It
is of interest that prolonged PFS and OS in our study were
observed in patients showing a full pattern of vaccine-spe-
cific immune activation, as demonstrated by their positive
responses to a panel of 4 or more different immunologic
analyses. This observation correlates the immune to the
clinical response, envisaging a reciprocal inter-dependence.
Notably, none of the immunological parameters considered
in the study correlated per se with the clinical outcome.
However, the stratification of patients on the basis of their
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responsivity to various immunological tests, exploring dif-
ferent aspects of the vaccine-specific immune response
(frequency of antigen-specific T-cell clones as well as vac-
cine-specific proliferation, cytotoxicity and IFNYy secretion),
allowed the identification of two patient’s subpopulations
showing either favorable or unfavorable clinical outcome,
respectively. Although this way of stratification is arbitrary,
our results may suggest that the application of a wide panel of
tests (investigating different immune functions) may be of
predictive value when monitoring the immune response to a
cancer vaccine. This approach could be further implemented
by the analysis of patient responsiveness to each single
peptide, an analysis that we could not perform in our study
due to the limited number of cell sample achieved from our
patients. Since the identification of effective immune-related
response criteria is an actual issue in the follow-up of cancer
immunotherapy [53], our approach will deserve appropriate
confirmation analyses in wider clinical trials.

The results here reported have to be considered pre-
liminary due to the small number of treated patients.
Indeed, only a study enrolling a wider series of patients
could provide clear evidence of the effects (and eventual
efficacy) of this new strategy of vaccination based on the
association of multiple telomerase peptides and dual
adjuvants. However, this study, other than necessary for
demonstrating the safety of GX301 components, was
conceived to provide a proof-of-concept on the potential
immunogenicity of the vaccine. For this reason, multiple
aspects of patient’s immunological responses were evalu-
ated. The results seem to support the opportunity to carry
on the studies performing phase II/III trials on prostate and
renal cancer patients (at both early and late stages, alone or
in association with existing treatments), as well as testing
GX301 in patients affected with different tumors.
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