Cancer Immunol Immunother (2006) 55: 1553-1564
DOI 10.1007/s00262-006-0145-7

ORIGINAL ARTICLE

Paal F. Brunsvig - Steinar Aamdal

Marianne K. Gjertsen - Gunnar Kvalheim

Carrie J. Markowski-Grimsrud + Ingunn Sve
Marianne Dyrhaug - Sissel Trachsel - Mona Moller
Jon A. Eriksen - Gustav Gaudernack

Telomerase peptide vaccination: a phase I/1l study in patients

with non-small cell lung cancer

Received: 16 December 2005/ Accepted: 29 January 2006 / Published online: 21 February 2006

© Springer-Verlag 2006

Abstract Purpose: A phase I/I1 study was conducted to
investigate the safety, tolerability and clinical response
to vaccination with a combination of telomerase pep-
tides GV1001 (hTERT: 611-626) and HR2822 (WTERT:
540-548) in patients with non-small cell lung cancer.
Experimental design: Twenty-six patients with non-small
cell lung cancer received intradermal administrations of
either 60 nmole (112 pg) or 300 nmole (560 pg) GV1001
in combination with 60 nM (68.4 ng) HR2822 and
granulocyte macrophage-colony stimulating factor. The
treatment period was 10 weeks. Booster vaccinations
with 300 nM GV1001 were offered as follow-up. Mon-
itoring of blood samples, clinical examination and
radiological staging were performed regularly. Immune
responses were measured as delayed-type hypersensitiv-
ity skin reaction and in vitro T cell proliferation. Bone
marrow function was monitored in long time survivors.
Results: The treatment was well tolerated with minor
side effects. No bone marrow toxicities were observed in
long time survivors with immune responses. Immune
responses against GV1001 were detected in 11 of 24
evaluable patients during the primary regimen and in
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additional two patients following booster injections.
Two patients responded to HR2822. Cloned GV1001-
specific CD4+ T cells displayed a Thl cytokine profile
and recognized autologous antigen presenting cells
pulsed with recombinant telomerase protein. A complete
tumor response was observed in one patient who
developed GV1001-specific cytotoxic T cells that could
be cloned from peripheral blood. Conclusion: The results
demonstrate that GV1001 and HR2822 are immuno-
genic and safe to use in patients with NSCLC. Induction
of GV1001-specific immune responses may result in
objective tumor responses. Based on these initial
encouraging results, further clinical studies of GV1001
in NSCLC patients are warranted.

Keywords Clinical trial - hTERT vaccine -
Promiscuous Th epitope - NSCLC

Introduction

Lung cancer is the leading cause of cancer death both in
men and women in the western world. Non-small cell
lung cancer (NSCLC) accounts for 75-80% of all lung
cancers. The most common subgroups in North Amer-
ica are adenocarcinoma (35% of patients), squamous
(30%) and large cell carcinomas (10-15%) [1]. About
10% are classified as poorly differentiated NSCLC. Pa-
tients with advanced NSCLC, i.e. stages IIIB and IV,
have a poor prognosis with a median survival time of
less than 12 months. Both radiotherapy and chemo-
therapy have good palliative effects but often of short
duration [2]. New treatment options for NSCLC are
urgently needed. Although NSCLC is often considered
to be minimally- or non-immunogenic and may induce
CD4+ regulatory T cells that suppress generation of
cytotoxic lymphocytes (CTL) [3], many studies
employing immunotherapy are being evaluated for
treatment of lung cancer. Induction of immune re-
sponses as well as tumor regression in late stage disease
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Table 1 Criteria for inclusion and exclusion of patients

Inclusion criteria

Exclusion criteria

Histological confirmed diagnosis of non-small cell lung
cancer

Previously treated or untreated patients with advanced
non-small cell lung cancer

Measurable or evaluable tumour

If previous chemotherapy, 4 weeks must pass before start
of vaccination
Age 218 and < 75 years

Chemotherapy or other potentially immunosuppressive therapy
administered within 4 weeks prior to the start of treatment
Clinical signs of brain metastases

Severe cardiac insufficiency (NYHA III or IV) with uncontrolled
and/or unstable cardiac or coronary artery disease
Severe active infections such as HIV or hepatitis B

Require concomitant treatment with a non-permitted medication
including:

Performance status ECOG-WHO 0.1 and 2

Medication for severe intercurrent disease which might affect

immunocompetence (e.g. immunosuppressants, systemic corticosteroids)

Written informed consent
Adequate bone marrow liver, heart and renal function:

Chronic use of systemic antihistamines or chronic high-dose NSAIDs
Pregnancy, breast-feeding or absence of adequate contraception

for fertile patients

WBC count >3.0x10%/1 and platelets count > 100x10°/1
ASAT, ALAT <2x upper normal laboratory value

Simultaneous participation in other clinical studies
Any reason why, in the opinion of the investigator, the patient

should not participate

Serum creatinine < 2x upper normal laboratory value

Use of alternative/complementary medicines not compatible

with the study drug

has been demonstrated using anti-tumor vaccination,
and several strategies are moving into late stage clinical
development [4]. Telomerase is an attractive, perhaps
universal target for cancer therapy and anti-cancer
vaccination [5], and is highly expressed in NSCLC,
where it is also used diagnostically [6].

It is well established that T cells of the human im-
mune system can recognize telomerase [7-15]. Since
telomerase is also expressed in some normal cells, such
as bone marrow stem cells [16] and epithelial cells in
colonic crypts [17], safety is consequently a particularly
important issue related to the development of telomer-
ase-targeted therapies.

Based on our earlier experience with anti-cancer
vaccination with mutant RAS peptides [18], a protocol
for telomerase peptide vaccination of patients with
NSCLC was developed. Two telomerase peptides were
used in the protocol, GV1001' and HR2822. GV1001
is a unique peptide corresponding to a sequence of
hTERT derived from its active site. It contains the
sequence hTERT (611-626) and is capable of binding
to molecules encoded by multiple alleles of all three
loci of HLA class I1I. GV 1001 can also be further
processed into CTL epitopes; HR2822 (hTERT: 540—
548) is a high-affinity CTL epitope identical to the
previously identified HLA-A2-restricted 1540 peptide
[7]. In a recent clinical trial with this peptide, no
serious adverse effects were observed [19]. By the
current approach a combined form of CD4+ and
CD8+ T cell responses may be elicited. CD4+ T
lymphocytes are pivotal in generating optimal activa-
tion of CD8+ T cells and in the maintenance of im-
mune memory, and therefore their activation is critical
for cancer vaccine efficacy (reviewed in [20]). The pri-

'n the study protocol GV1001 is referred to as HR2802

mary objectives of the trial were to investigate safety
and tolerability, and characterize any immunological
response following GV1001 and HR2822 administra-
tion. The secondary objective was objective tumor re-
sponse. We, here, report that T cell immune responses
were observed in more than half of the patients after
intradermal injection of the telomerase peptide vaccine
in combination with GM-CSF. The vaccine was well
tolerated and no serious side effects related to vacci-
nation were observed. We also describe in detail data
from a single patient exhibiting a specific immuno-
logical and clinical response.

Materials and methods
Patient selection

During the time period October 2001-June 2003 a total
of 26 eligible patients with NSCLC fulfilling the inclu-
sion criteria (Table 1) were enrolled in the study. Patient
characteristics are described in Table 2. Patients that
had received radiotherapy had to wait at least six
6 weeks after the last irradiation treatment before vac-
cination was started. The performance status at baseline
was considered good since the majority of the patients
scored as Eastern Cooperative Oncology Group
(ECOG) grade 1. The Tumor Node Metastasis (TNM)
criteria of the American Joint Committee on Cancer
(AJCC) were used for staging the patients’ tumors [21].
Twelve patients were included in the low-dose and 14
patients in the high-dose group. Twenty-four patients
qualified for immune response evaluation (i.e. completed
visit six (week 4) and received at least six vaccinations).
Only 14 patients finished the eight vaccination regimen
according to protocol (nine and five in the low-dose and
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Table 2 Characteristics of included patients and summary of responses and survival for the individual patients

Treatment, week 1-12 Follow-up

Patient Age Sex Previous Tumor  Stage No.of DTH/ Compl. Disease No.of DTH T Survival

No treatment histology injects T cells Study  status wl2 booster cells months

injects from start
of treatment

Low dose 701 60 M Dc/Rad Nscle 1B 8 —/—  Yes SD 11

702 69 M Dc/P Adeno v 6 W No PD 4

703 68 F Rad Adeno v 8 +/—  Yes PD 15

704 60 F  Opr/Rad Adeno v 8 +/+  Yes SD 18

706 60 M Dc nsclc v 8 +/—  Yes PD 3

707 9 M P adeno v 6 —/— No PD 2.5

708 39 M Dc/P squam v 8 +/+  Yes SD 7

709 63 F  Dc/P/Rad squam v 6 w No PD 3

710 55 M P/Rad adeno A 8 —/—  Yes SD 13 —/+ 46*

711 48 M Dc squam v 8 +/+  Yes PD 25

712 49 F  Opr/Dc/P adeno v 8 +/+  Yes SD 8 —/+ 44%

713 76 F Rad squam HIB 8 +/+  Yes PD 19
High dose 714 68 M Rad squam v 8 +/—  Yes PD 32

715 45 F P/Rad/Dc adeno v 4 w No PD 5

716 72 M Rad nsclc v 6 w No PD 1.5

717 56 M P/NP/Dc squam v 7 w No PD 2.5

718 57 F  None adeno v 6 w No PD 4

719 44 M P/Rad adeno v 7 w No PD 3.5

720 57 F Rad largecell IV 4 W No NE 8.5

721 63 F  P/Dc/P nsclc v 7 +/+ No PD 5.5

722 60 F Rad/P adeno v 6 w No PD 4

723 53 M Opr/Rad/Dc squam v 8 —/+  Yes PD 16.5

724 60 F  None bronch IV 8 —/— Yes PD 10

725 55 F Opr adeno IIB 8 +/—  Yes SD 3 +/+ 30°

726 49 M P adeno v 7 —/— No PD 3.5

727 57 M Opr/Dc/Rad squam IIIB 8§ —/—  Yes SD 6 —/+ 29¢

Dc docetaxel, P platinum, NP non-platinum, Rad radiation, Opr operation, W withdrawn

“Alive at time of reporting

high-dose regimen, respectively). Seven patients were
withdrawn due to brain metastasis during the 8 week
period. Most of the patients included in the present
study had stage IIIB and IV tumors and were admitted
to our hospital after primary treatment or for inclusion
in experimental trials after having progressed on stan-
dard chemotherapy.

In the first version of the protocol, the patients were
not screened for presence of brain metastasis prior to
inclusion in the study. Subsequently, two amendments
dated January and April 2003 modified the inclusion
criteria to exclude patients with brain metastasis de-
tected after screening (prior to inclusion) and to allow
inclusion of patients subject to prior operation (from
patient no. 724). Permission was also granted to give
patients radiotherapy during the vaccination period, if
the radiation field did not include a lesion that was used
to assess the objective effect of the vaccines.

The trial was approved by the Norwegian Medicines
Agency, the Committee for Medical Research Ethics,
Region South, the Hospital Review Board and per-
formed in compliance with the Helsinki declaration.
Written informed consent was obtained from all pa-
tients. All patients participating in bone marrow exam-
inations also signed a separate informed consent.

Vaccine and control peptides

GemVax AS, Porsgrunn, Norway, provided the telo-
merase peptide vaccines GV1001 and HR2822. The
vaccine GV1001 consists of a synthetic peptide corre-
sponding to the 16 amino acid residue 611-626 fragment
(EARPALLTSRLRFIPK) of the hTERT protein. The
vaccine HR2822 consists of a synthetic peptide corre-
sponding to the 9 amino acid residue 540-548 fragment
(ILAKFLHWL) of the hTERT protein. HR2822 is a
well-known HLA-A?2 epitope [7], but predictions (http://
www.syfpeithi.bmi-heidelberg.com) show that this pep-
tide also may be presented by many other HLA class |
molecules. Both peptides were produced by Avecia
Biotechnology (Cheshire, England). GV1001 and HR
2822 were manufactured by Isopharma AS (Kjeller,
Norway), supplied in vials as freeze-dried products, and
released for clinical use by GemVax AS (Porsgrunn,
Norway). Manufacturing was in compliance with GMP.
Two peptides, one derived from telomerase, Pep 544
(hTERT 548-566), and one derived from mutant p21
RAS, Pep 508; (KRAS 52-70, Q61H), served as negative
controls in the T cell proliferation assays used to mon-
itor T cell responses in blood samples from the vacci-
nated patients. The control peptides were supplied as
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lyophilized powder by The Corporate Research Centre
Norsk Hydro (Porsgrunn, Norway).

Recombinant hTERT

Recombinant hTERT (563-735) was cloned in frame
with the N-terminal 6x His tag in Escherichia coli
expression vector pET28b (+) (Novagen, Darmstadt,
Germany). The protein was produced in E. coli BL21
Codon Plus (DE3)-RIPL (Stratagene, La Jolla, CA,
USA), purified by using NiNTA chromatography under
denaturing conditions (Qiagen, Hilden, Germany) and
tested by Western blot analysis with anti-His antibodies
(Qiagen) and Rabbit Anti-Mouse Ig HRP (DakoCyto-
mation, Glostrup, Denmark). The fraction of interest
was dialyzed in Slide-A-Lyzer® Dialysis Cassette 10000
MWCO (Pierce, Rockford, IL, USA) against MQ-water
and sterile filtered before use.

Treatment protocol

Prior to vaccination (0-2 weeks) the following baseline
screenings were performed: Physical examination
(including medical history), assessment of ECOG per-
formance status and haematological testing for hemo-
globin, hematocrit, leucocyte and platelet counts, C-
reactive protein, as well as blood chemistry panel. CT
scans of the thorax and upper abdomen were obtained
prior to inclusion. Blood was also taken for testing of
general immuno-competence (reactivity with purified
protein derivative of BCG (PPD) and Staphylococcal
Enterotoxin C (SEC) and baseline T cell reactivity
against the vaccine peptides. All patients responded to
SEC, the response to PPD was variable. Bone marrow
was harvested from the iliac crest for assessing hae-
matopoietic stem cell activity.

The vaccine was administered by intra-dermal (i.d.)
injection in the right para-umbilical area. The vaccina-
tion schedule included three injections in week 1 (Mon,
Tue, Fri) and one weekly injection in weeks 2, 3, 4, 6 and
10. The patients were consecutively divided into two
groups, each receiving either a low or high dose of
GV1001. The low-dose group patients (patients 701—
713) received 60 nmole (112 ug) of peptide in 0.10 ml
saline; the high-dose group patients (patients 714-727)
received 300 nmole (560 pg) of peptide in 0.20 ml saline.
In addition all patients were administered a low dose of
HR2822, 60 nmole (68.4 pg) at the same site. The dose
levels were selected based on previous experience with
the same vaccine in patients with pancreatic cancer
(Bernhard et al., unpublished results). Between 5 and
15 min before each vaccine injection, 30 ug GM-CSF
(patients 701-713) or 75 pg (patients 714-727) Leuco-
max® (Schering-Plough, Cork, Ireland) in 0.10 ml saline
was injected i.d. at the vaccination site. At each vacci-
nation visit, a comprehensive assessment of adverse drug
reactions, blood screening, physical examination and

assessment of ECOG performance status was per-
formed. At the completion of the study a thorough
clinical and immunological screening similar to the
baseline screening was performed.

Four patients (patient nos. 710, 712, 725, 727) with
demonstrable immune responses to GV1001 and/or
stable disease were offered booster vaccinations as a
follow-up treatment. Only the high dose of GV1001 was
administered in the follow-up. Due to supply limitations
Leucomax was replaced by Leukine (Sargramostim,
Berlex, Montville, NJ, USA) during the booster regi-
men.

Delayed-type hypersensitivity

Delayed-type hypersensitivity (DTH) skin test was per-
formed at visit one (baseline) and at all the following
weekly vaccination visits from week 2 and onwards. As
DTH test 60 nmole of each vaccine peptide (GV1001;
112 pg, HR2822; 68.4 pg) in 0.10 ml saline was injected
1.d. at separate sites in the left para-umbilical area. A
positive DTH test was defined as an erythema/indura-
tion >25 mm? (average diameter >5 mm) 48 h after the
administration. The patients were instructed to measure
the erythema/induration and record the result in a diary
card.

Monitoring of T cell responses

Prior to vaccination and at week 6 and 10, 50 ml of
ACD-blood was drawn to assess in vitro proliferative T
cell responses against GV1001 and HR2822. PBMCs
were isolated from peripheral blood using density
centrifugation over Ficoll-Hypaque (Lymphoprep;
Nycomed, Oslo, Norway), washed and frozen in RPMI-
1640 (Gibco, Paisley, UK) with 20% FCS (PAA Labo-
ratories GmbH, Paching, Austria) and 10% DMSO and
stored in liquid N,. Following the inclusion of patient
number 711, FCS was substituted by 100 mg/ml (10%)
human albumin (HA) due to the generation of high
background proliferative responses against antigens
present in FCS. In vitro T cell responses were assayed in
parallel in thawed PBMC from samples harvested before
and after vaccination. All assays were done on thawn,
frozen samples and pre- and post-vaccine samples were
analyzed in parallel. The assay was performed after two
cycles of antigen stimulation (25 pM GV1001 and
10 uM HR2822), essentially as described [22]. Very
similar results were obtained using one cycle of antigen
stimulation in a serum-free medium (DC medium,
CellGenix, Freiburg, Germany), and this procedure was
used during long-term follow up of patients receiving
multiple booster injections. Values are shown as mean
counts per minute (cpm) from triplicate wells. Back-
ground responses (without antigen) were usually below
1,000 cpm with SD <10%. An antigen-specific response
was considered positive when the stimulatory index (SI;



response with antigen divided by response without
antigen) was above 2. Peptide-specific T cells from
responding patients were cloned by limiting dilution as
previously described [22]. Cytotoxicity assays were per-
formed essentially as described [22]; using peptide
pulsed, °'Cr-labeled autologous EBV transformed B
cells as targets. Specific cytotoxicity was calculated
according to the formula: (experimental release—spon-
taneous release)/(maximum release—spontaneous re-
lease)x100. Cytokine production by T cell clones was
measured in supernatants taken from T cell assays 24
after peptide stimulation, using a human 17-plex cyto-
kine kit and the Bio-Plex instrument (BioRad Labora-
tories Inc., USA), as described by the manufacturer. As
a measure of general immunocompetence, the T cell
response to purified protein derivative (PPD) of tuber-
culin and Staphylococcal enterotoxin C (SEC) was
measured in blood samples taken at inclusion. All pa-
tients demonstrated responses within the normal range,
and there was no correlation between the response to
these antigens and the subsequent response to the vac-
cine peptides.

Toxicity and safety

Adverse events were evaluated at each visit and graded
according to the National Cancer Institute of Canada
Clinical Trial Group Common Toxicity Criteria Scale
(NCIC CTG CTC version 2.0). The clinical investigator
graded the events as probable, suspected, unlikely or not
related to treatment. Adverse events were considered
related to the treatment if the relationship was reported
as probable or suspected. Treatment-related adverse
events are reported here with the term “‘toxicities”.

Bone marrow aspiration

Measure of 10-20 ml of bone marrow was aspirated
from the posterior iliac crest immediately before vacci-
nation and 3-6 months following the treatment. Addi-
tional bone marrow samples were collected from
patients who were given booster injections. Following
Lymphoprep™ (AXIS-SHIELD AS, Oslo, Norway)
separation the mononuclear bone marrow cells were
collected, washed with RPMI medium, counted and
frozen in RPMI with 20% FCS and 10% DMSO in a
control rate freezer. If not otherwise stated, all experi-
ments were done on thawed samples.

Haematopoietic progenitor cell assays

Colony-forming unit cells (CFU-c) were assessed by a
standardized clonogenic assay obtained from Stem Cell
Technologies (Vancouver, Canada). Cultures were pla-
ted in two different concentrations in triplicate. Plates
were incubated in a humidified atmosphere of 5% CO,
at 37°C for 14 days. Colonies were scored according to
standard criteria [23].
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Assay for long-term culture-initiating cells (LTC-IC)

Long-term culture-initiating cells define primitive hu-
man haematopoietic cells that are multipotent as evi-
denced by their generation of erythroid as well as
granulopoietic progeny [24, 25]. The cultures were
established and maintained according to procedures
previously described [26]. Briefly, fresh or thawed
mononuclear bone marrow samples were washed and
resuspended in long-term cell (LTC) media (alpha
medium supplemented with 40 mg/l inositol, 10 mg/l
folic acid, 400 mg/l glutamine, 12.5% horse serum,
12.5% FCS, and 10°mol/l hydrocortisone sodium
succinate). One million bone marrow cells were there-
after transferred to 35 mm Corning tissue culture
dishes (Corning Glassworks, Corning, NY, USA) on
pre-established, irradiated, normal marrow feeder cells.
In all experiments feeder cells from only one donor
were used. The cells were cultured for the first 3—
4 days at 37°C and thereafter at 33°C, in 5% CO,. At
weekly intervals, half of the non-adherent cells were
removed and substituted with fresh medium. After
5 weeks of culture aliquots of both trypsinized adher-
ent and non-adherent cells were seeded in triplicate
and in different concentrations, employing the stan-
dardized CFU-c assay as described before. After
14 days of incubation the colonies were scored. The
total number of clonogenic cells in each well was used
as an estimate of the number of LTC-ICs initially
present in the test cell populations.

Clinical response

Tumor response was assessed by CT/MRI scans and
conventional radiography at week 12 of the study fol-
lowing 8 cycles of vaccinations. Results were compared
with baseline tumor measurements. Tumor response was
evaluated according to accepted criteria (WHO).

Data from patients who received at least one vacci-
nation were included in the safety analysis. All patients
who completed week 4 of the trial and complied with the
inclusion criteria were included in the analysis of im-
mune responses (evaluable patients).

Results
Safety of hTERT vaccination

GV1001 and HR2822 were well tolerated in all the 26
patients that received the vaccine. A total of 214 vaccine
doses were administered (4-21 per patient). No sign of
toxicity or clinically severe adverse events related to the
treatment was observed in any of the vaccinated pa-
tients. Ten adverse events were reported (nine patients),
three from the low-dose and seven from the high-dose
group. The reported side effects were mostly flu-like
symptoms, mild episodes of fever and chills.
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Induction of immune responses

The patients in this study were unselected, with advanced/
metastatic disease and had been heavily pre-treated (Ta-
ble 2). Twenty-four patients were eligible for immune
response evaluation according to the preset definitions
(completed vaccination week 4), 12 in each GV1001 dose
group. Of these 24 patients, 11 (46%) patients demon-
strated an immune response ) against GV1001 and only 2
(8%) against HR2822 (patient numbers 708 and 714).
Seven of the patients that responded were in the GV1001
low-dose group and four in the high-dose group (Ta-
ble 2). Two of the four patients given booster vaccina-
tions were non-immune responders at the end of the
standard vaccine regimen (8 vaccine injections). These
two patients were converted to immune responders dur-
ing the follow-up treatment (Table 2). Thus a total of 13
patients (54%) responded to the vaccination.

The withdrawal ratio was very high in the GV1001
high-dose group where 7 of 14 patients were withdrawn,
mainly due to development of brain metastasis, before
receiving all eight scheduled vaccinations (i.e. before
9 weeks of vaccination). This reflects the advanced stage
of the patients and is believed to have had a significant
negative impact on the overall induction of immune
response in this group. Due to the high number of
withdrawals in the high-dose group, it was not possible
to evaluate the impact of the dose on the number of
immune responders.

Only 14 patients completed the treatment according
to the protocol. Twelve of these patients (85%) dem-
onstrated an immune response either during the basic
regimen or after booster vaccination. It is possible that
there will be a delay in detectable immune response in
some patients that have been pre-treated with chemo-
therapy or radiation. Based on the weekly DTH moni-
toring the immune response was induced after 3-9 weeks
of vaccination.

The T cell responses in patient 710 are illustrated in
Fig. 1. This patient, who had been treated with the low-
dose regimen, mounted a strong in vitro response to the
first booster vaccination with the increased peptide dose
(week 29) as measured in week 32. The patient received

booster injections for the next 28 months and all blood
samples taken during this period were positive, with
marked fluctuations in the magnitude of the response
recorded. From week 125 onward, a stable very high level
of memory was established. Based on limiting dilution,
the frequency of responding cells in the sample taken at
week 32 was calculated to be approximately 1/2,000 T
cells, whereas the frequency was below the detection limit
in a pre-vaccine sample (results not shown).

To further characterize the immune responses
resulting from vaccination, T cells from in vitro-stimu-
lated bulk cultures from several of the patients were
cloned and used to characterize the HLA molecules in-
volved in vaccine peptide presentation and to perform
functional studies.

Processing of Telomerase: recognition of protein
pulsed APCs

An important issue in peptide vaccination is whether the
responding T cells are capable of recognizing epitopes
resulting from natural processing of the corresponding
protein. In the present study, the specific T cells from
several of the responding patients were cloned. More
than 100 GV1001-specific T cell clones were obtained
from patients 710 and 725. These T cell clones prolif-
erated vigorously and specifically against GV1001-
pulsed antigen presenting cells, as demonstrated in
Fig. 2a for two T cell clones derived from patient 710.
The clone 710-13 was blocked by an anti-DP antibody
and the clone 710-76 was blocked by an anti-DQ anti-
body. Subsequent studies with a panel of HLA homo-
zygous EBV transformed B cells as APCs demonstrated
that the presenting alleles were, respectively, HLA-
DPB*0401/0402 and —DQB*04 (Data not shown).
Blocking experiments with many different T cell clones
demonstrated that the vaccine was presented on HLA-
DR, -DQ and -DP molecules (Fig. 2a and data not
shown). The use of a broad array of presenting HLA
molecules explains why as many as 54 % of the patients
responded to the vaccine. Since hTERT may be pro-
cessed to peptides in many different ways, and the
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Fig. 2 Recognition of GV1001
and recombinant hTERT by
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WAPC+T OAPC+T GV1001 HE+antiDP O-+antiDQ

two CD4 + T cell clones
derived from patient 710 after
booster vaccination. HLA-class
II restriction was determined by
antibody blocking (Fig. 2a).
Fifty thousand T cells were
cultured with 25,000 irradiated
autologous PBMC as APC and
1 uM GV1001 for 3 days in the
presence or absence of blocking
antibody as indicated. The
antibodies used were SPVL3
(anti DQ) and B7/21 (anti DP).
Final concentration of antibody
was 10 pg/ml. In a parallel
experiment (Fig. 2b), the same
T cell clones were tested with
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binding motifs of different class II molecules are differ-
ent, it was important to investigate if different T cell
clones were also capable of recognizing hTERT frag-
ments generated by feeding recombinant hTERT to
APCs. The HLA-DQB*04 and the HLA-DPB*0401/
0402 restricted T cell clones both recognized autologous
PBMC that were pulsed with recombinant telomerase
protein (Fig. 2b). The same was found to hold true for
all 16 T cell clones that were tested from the two pa-
tients, strongly suggesting that natural processing of
hTERT may give rise to many different peptide frag-
ments, fitting into multiple HLA class II molecules.

GV1001-specific CD4+ T cells kill peptide pulsed target
cells

The T cell clones from patient 710 were initially also
screened for cytotoxicity in a classical 51-Cr release as-
say, using autologous target cells pulsed with a pool of

o 2T

B APC+Tcell+0.5 microM telomerase protein

710-13 710-76

9-mer peptides derived from GV1001. Data presented in
Fig. 3 together with results shown in Fig. 2 demonstrate
that the CD4+ clone 710-76 is an HLA-class Il-re-
stricted CTL capable of killing autologous target cells
pulsed with a 9-mer peptide (p613, TRLRFIPK) derived
from the C-terminal part of GV1001, in a specific
manner. No killing was observed when the target cells
were pulsed with the hTERT peptide 540-548 or with
two other 9-mer peptides derived from GV1001, p614
and p615 (Fig. 3). Interestingly, the T cell reactivity
against the GV1001 fragment p613 was greatly enhanced
after the third booster vaccination (Fig. 4).

GV1001 vaccination generates an inflammatory
immune response

To characterize the T cell response further, we also
investigated the cytokine production by the T cell clones.
Figure 5 presents some representative results from two T
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Fig. 3 Specific killing of autologus Epstein—Barr virus transformed
blasts pulsed with peptide p613 by the HLA-DQB*04 restricted
GV1001 specific CD4+ T clone 710-76. Target cells were labeled
with >!Cr for 1 h and 2,000 cells were added to each well before
addition of peptide (1 uM) and effector cells at the ratios indicated.
Supernatants containing released >'Cr were harvested after 6 h and
counted. The peptides p613 (TSRLRFIPK), p614 (LTSRLRFIP)
and p615 (LLTSRLRFI) are all nine mere fragments from the C-
terminal part of GV1001. The vaccine peptide HR2822 was used as
a negative control. Results are expressed as percentage of specific
killing and represent mean of triplicate wells

cell clones from patient 710. Similar results were ob-
tained using T cell clones from other patients. Although
clones 710-76 and 710-13 were found to produce sub-
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Fig. 4 In vitro proliferative T cell response of PBMC against the
N-terminal 9-mere fragment of GV1001 in patient 710. T cell
proliferation is given as mean cpm of triplicate wells. Responses
shown are from samples taken 1 h before booster vaccine 3 and
12 days after booster vaccination 3
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Fig. 5 a Cytokine profile of the HLA-DPB*0401/0402 restricted
CD4+ clone 710-13 following activation by GV1001. Superna-
tants were harvested 24 h after stimulation of 50,000 T cells with
25,000 APC and GV1001 (1 puM) in serum-free medium. Seventy-
five microliters was harvested from duplicate wells and analyzed
using a Bio-rad Bio-Plex instrument. Results are expressed as mean
concentration of cytokines (pg/ml) in the supernatants based on
calculation from standard curves established with recombinant
cytokines. b GM-CSF production by two CD4+ clones from
patient no. 710. The GM-CSF production by 50,000 T cells from
the cytotoxic clone 710-76 corresponds to 500 ng/10° T cells/24 h.
Results were obtained as described in a

stantial amounts of IL-4, they displayed a predomi-
nantly Thl cytokine profile with high amounts of IFN-y
and TNF-a as well as the proinflammatory chemokine
IL-8 (granulocyte chemotactic protein 1). They also
produced very high amounts of GM-CSF upon recog-
nition of GVI1001 (Fig. 5). The same profile was ob-
tained when PBMC were stimulated with GV1001 (data
not shown).

The hTERT-specific immune responses are non-toxic
to bone marrow stem cells

Telomerase activity is also expressed in bone marrow
stem cells, and therefore bone marrow toxicity due to
autoimmune destruction by hTERT-specific effector
cells could not be ruled out. To detect changes in bone
marrow clonogenicity, CFU-C and LTIC, bone marrow
samples from patients mounting an immune response to
the vaccine were examined. For patients receiving
booster vaccinations over an extended period of time,
bone marrow aspirates were taken every 6 months. The



results presented in Tables 3, 4 show that no significant
differences were seen in the number of BFU-E and CFU-
GM before and after the vaccination treatment. These
results are in accordance with the findings in peripheral
blood, where no changes in cell counts were observed,
even in patients with persistent strong immune responses
for more than 2 years (data not shown).

There is considerable evidence to indicate that the
LTC-IC assay measures a very primitive human pro-
genitor cell in the bone marrow and that eradication of
such cells most likely predicts a serious toxic effect on
bone marrow function [24-26]. As it can be seen (Ta-
bles 3, 4), the numbers of LTC-IC were essentially
unaltered in all patients monitored. These findings did
also hold true for the three patients who had received
booster vaccinations over a period of 7-21 months
(Tables 3, 4).

Tumor response and patient survival

As assessed by CT or MRI, 18 patients (72%) had
progressive disease (PD) and seven (28%) had stable
disease (SD) at week 12 of the study (Table 2). One
patient was withdrawn due to infection and could
therefore not be evaluated. Twelve patients were with-
drawn before they received all vaccines (week 10). Eight
of these patients had developed brain metastases. For
the 26 patients who entered the study, the median sur-
vival time was 8.5 months. Eight and six patients were
alive at 12 and 18 months, respectively. The survival for
all patients who completed the treatment (10 weeks
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vaccination) is recorded in Fig. 6. Of the four patients
still alive, one has CR, three SD and one PD (Table 2).
Two of these patients still receive booster vaccinations
every 3—6 months and have developed stable (> 6 months)
high levels of immunity against GV1001.

Complete response in an immune responding patient

Prior to inclusion in the trial, patient no. 710 was
diagnosed with a locally advanced adenocarcinoma of
stage IIIB with mediastinal extension and mediastinal
glands. The patient was treated with five courses of
platinum-containing chemotherapy with last infusion
9 weeks before and radiotherapy 2.5 weeks before
vaccination was started. At the time of inclusion in
this study the patient was restaged to IITA and the
tumor in his right lung was measured at
32 mmx32 mm (Fig. 7). The patient continued with
booster vaccinations and the last two CT scans taken,
respectively, 17 and 22 months after entering the vac-
cination trial, show a CR without any visible tumor
(Fig. 6¢c, d). A CT scan recently taken after 29 months
(not shown) confirmed this, as only post-irradiation
changes were visible. The immune response in this
patient was only detected after he had received his first
booster vaccination. At this stage, high affinity,
GV1001-specific CD4+ T cells could be isolated from
peripheral blood. The cloned T cells produced large
amounts of inflammatory cytokines and were capable
of killing target cells pulsed with the shorter peptide
fragment (HR2822) of the vaccine (Figs. 5, 3).

Table 3 Clonogenic growth of haematopoietic progenitor cells before and after 8 vaccinations

Patient no. Before vaccination After vaccination
BFU-E/1000 CFU-GM/1000 LTC-IC/10000 BFU-E/1000 CFU-GM/1000 LTC-1C/10000
MNC/BM MNC/BM MNC/BM MNC/BM MNC/BM MNC/BM
704 3.5 4.0 4.8 4.2 3.5 4.6
708 0.8% 3.9% 4.3 0.5% 1.6* 34
711 0.5% 2.1% 0.6 0.8%* 2.0% 0.6
712 0.9 2.6 5.1 1.0 1.9 6.3

*Fresh bone marrow was used in the experiments

Table 4 Clonogenic growth of haematopoietic progenitor cells before and after 8 vaccinations and booster vaccinations

Patient no. Before vaccination After vaccination
4-5:7-12:21 months
BFU-E/1000 CFU-GM/1000 LTC-IC/10000 BFU-E/1000 CFU-GM/1000 LTC-IC/10000
MNC/BM MNC/BM MNC/BM MNC/BM MNC/BM MNC/BM
710 0.7 1.2 2.6 1.5:2.0:1.2 1.7:1.6:1.2 5.4:1.6:3.6
727 4.4 3.5 18.6 3.1:5.7:na 2.2:3.9:na 9.6:28.8:na
725 1.8 1.9 3.0 1.4:2.4:na 1.2:2.4:na 3.4:2.6:na

na not applicable
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Discussion

In this study we report the first clinical testing of an anti-
cancer vaccine based on a combination of a general
HLA class II telomerase T-helper cell peptide epitope
(GV1001) and a HLA-A2 restricted telomerase CTL
epitope (HR2822).

Our results demonstrate that vaccination with the
telomerase peptides is well tolerated by patients with
NSCLC. The observed adverse events related to the

Fig. 7 a At inclusion in the
vaccination trial patient no. 710
had a 32 mmx32 mm tumor in
right upper lobe. b CT scan of
the patient’s mediastinal glands
at inclusion in the trial. ¢, d
right upper lobe and
mediastinal glands 22 months
after start of vaccination,
respectively

treatment were not of a serious nature. Indurations and
erythema at the injection site as well as chills and fever
were interpreted as symptoms of an effective activation
of the immune system rather than unwanted side effects.
All the patients were closely monitored by blood testing
during the vaccination period and repeated bone mar-
row examinations were undertaken for seven patients
without detection of any significant changes in blood cell
counts or haematopoietic progenitor cells. The finding
that repeated bone marrow examinations over a long
period of time in seven immune responding patients,
including patient no. 710 with a complete tumor re-
sponse (Fig. 4), did not reveal any bone marrow toxic-
ities, was particularly important. These results
demonstrate that hTERT-specific Th cells do not harm
haematopoietic stem cells and their progenitors. Similar
observations have recently been published from a clini-
cal trial with the hTERT 1540 peptide [27]. This peptide
is the same as the HR2822 peptide used in this trial.
Together, these findings suggest that also induction of
tumor-lytic hrTERT-specific T cells in vivo by vaccina-
tion does not result in a detectable decline in the
hematopoietic potential of cancer patients.

The overall induction of immune responses in those
patients that completed the 10-week basic treatment was
12/14(86%). Ten of these patients demonstrated an im-
mune response during the primary treatment and two
additional during the follow-up booster vaccination
regimen. Most of the patients had been heavily pre-
treated with CT or RT (or both) and insufficient time for
the immune system to recover from those treatments
before starting with the vaccination, may be an expla-
nation for the delayed induction of immune response in
some of the responders. The chemotherapy consisted
mostly of platinum-containing regimens or docetaxel.
Some patients had been treated with radiotherapy and




low-dose docetaxel as a radiosensitizer. Progression of
disease and detection of brain metastasis, and sub-
sequent start of treatment with immunosuppressive
corticosteroids were the main reasons for patient with-
drawal from the study. The frequency of brain metas-
tases in patients with advanced NSCLC is high [28]. It
has been reported that tolerance to self-proteins is
dominated by high-affinity immuno-dominant peptide
epitopes and that the tolerance to such epitopes is very
difficult to overcome [29, 30]. Clearly our results indicate
that tolerance for GV1001 is not a major obstacle, and
corroborate our findings in a parallel study (S. Bern-
hardt et al. unpublished), demonstrating that GV1001 is
a broadly recognized vaccine that can be used for vac-
cination of cancer patients without inclusion based on
prior HLA typing.

We, here, demonstrate that GV1001 reactive cells are
capable of recognizing APCs pulsed with recombinant
hTERT (Fig. 2). Of <50 individual T cell clones, re-
stricted by a broad array of HLA-DR, -DQ and -DP
molecules, none have so far failed to recognize hTERT
(unpublished results). These observations suggest that
the main mechanism of action in vivo by GV1001-spe-
cific Th cells will be recognition of APCs that have en-
gulfed dead tumor cells in situ in the tumor or in
draining lymph nodes. GV1001 does also comprise
embedded CTL epitopes, and we were able to show that
CD4+ clones killed target cells pulsed with the peptide
p613, which represents a fragment of GV1001. In patient
710 who had a CR, we were able to demonstrate that the
frequency of cells specific for p613 increased after
booster vaccination and thus may be involved in the
observed tumor regression.

Furthermore, GV1001-specific clones from this pa-
tient produced inflammatory cytokines and very high
levels of GM-CSF, which could participate in the pro-
cess of tumor regression by locally enhancing the im-
mune response against not only hTERT but also other
lung cancer antigens taken up by APCs. It is thus highly
interesting that the concentration of GM-CSF groduced
by T cell clones from patient 710 (500 ng/10° T cells/
24 h) is >2x that of a tumor cell line genetically modi-
fied to express high amounts of GM-CSF (205 ng/10° T
cells/24 h) has been used in clinical trial [31].

Only two (14%) of the patients mounted an immune
response after vaccination with HR2822. Tolerance to
HR2822, which is classified as a high-affinity epitope,
could be an explanation for this observation. However,
our results are in contrast with results obtained in two
recent trials. Vonderheide et al [19] reported that 4/7
(57%) patients with advanced breast or prostate cancer
vaccinated with peptide pulsed dendritic cells (DC) re-
sponded to this peptide. Similarly Parkhurst et al [31]
observed that 7/14 (50%) patients with mainly renal
cancer responded to the same peptide, following vacci-
nation with 1 mg of peptide emulsified in adjuvant
(Montanide—ISAS1), indicating that also here tolerance
is not a major issue. One obvious explanation may be
that the frequency of HLA-A2 positive patients in our
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trial is lower than in the other trials, since these had
positive HLA-A2 as an inclusion criterion. Thus the
frequency of HLA-A2 may have been around 50% ra-
ther than 100%. The lower frequency of immune
responders in our study may also reflect differences in
vaccination method (GM-CSF as adjuvant vs. DC
pulsing or Montanide ISAS51), patient group or detec-
tion method.

Objective tumor response is used as a surrogate
endpoint to measure efficacy in phase I/II studies. The
clinical response to the telomerase vaccine is rather dif-
ficult to evaluate. Although a number of patients
(especially patient 710) demonstrated remarkable re-
sponses to vaccination, these responses combined with
survival data are difficult to compare with other studies.
Recently two vaccine studies with a similar group of
patients with advanced disease have been published [32,
33]. These studies utilized different approaches, either
vaccinating with allogeneic adenocarcinoma cell lines or
with dendritic cells loaded with apoptotic allogeneic
NSCLC cells. In both studies modest clinical responses
were observed. Although the total number of patients
included are low and the data preliminary, these results
taken together with the results from the present study
indicate that cancer vaccines may be developed into a
novel treatment modality in patients with NSCLC. It is
conceivable that better effects would have been obtained
in patients with less advanced disease, as indicated by
recent data from a vaccine trial presented at ESMO 2004
[32], where clinically meaningful survival advantage was
observed in patients with late stage NSCLC treated with
a Muc-1 vaccine. In accordance with this, a new clinical
trial involving patients with inoperable NSCLC stage
IITA/IIB is under planning. Here, the patients will be
treated with chemo-radiotherapy followed by telomerase
vaccination.
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