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Abstract

Background NY-ESO-1 protein formulated in ISCOMA-
TRIX™ results in CD4+, CD8+ T cell and antibody-
mediated immunity. We evaluated persistence of immunity,
relapse-free survival and tumour antigen expression upon
relapse in patients vaccinated in an earlier trial.

Methods Immunity was measured in 28 patients with
resected NY-ESO-1-expressing tumours (melanoma 25,
breast 3) 252-1,155 days (median = 681) after vaccina-
tion. In the earlier vaccination, trial patients received
NY-ESO-1 with ISCOMATRIX™ adjuvant at three pro-
tein doses 10 pg, 30 pg or 100 ug (n = 14); 100 pg
NY-ESO-1 protein (n = 8) or placebo (n = 6), together
with 1 pg of intradermal (ID) NY-ESO-1 protein twice for
DTH skin testing. Immune responses assessed in the cur-
rent study included antibody titres, circulating NY-ESO-1-
specific T cells and DTH reactivity 2 days after DTH skin
testing with NY-ESO-1 protein (1 pg) or peptides (10 pg).
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Relapse-free survival was determined for 42 melanoma
patients. On relapse NY-ESO-1 and HLA, class I was
assessed by immunohistochemistry in 17.

Results Persisting anti-NY-ESO-1 immunity was detec-
ted in 10/14 recipients who had previously received
vaccine with ISCOMATRIX™ adjuvant. In contrast,
immunity only persisted in 3/14 who received 100 pg
un-adjuvanted NY-ESO-1 protein (3/8) or 2 pg DTH
protein (0/6) P = 0.02. Hence, persisting NY-ESO-1
immunity was associated with prior adjuvant. Tumour
NY-ESO-1 or HLA class I was downregulated in partici-
pants who relapsed suggesting immunoediting had occurred.
Conclusion Immunoediting suggests that a signal of
anti-tumour activity was observed in high-risk resected
melanoma patients vaccinated with NY-ESO-1/ISCOMA-
TRIX™. This was associated with measurable persisting
immunity in the majority of vaccinated subjects tested.
A prospective randomised trial has been undertaken to
confirm these results.
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Introduction

NY-ESO-1 is a cancer-testis (CT) antigen that has attracted
particular attention as a candidate for cancer immuno-
therapy [1-5]. It is expressed by a wide variety of human
cancer types including melanoma and is frequently the
target of spontaneous immunity in cancer-bearing patients.
Furthermore, normal tissue expression is restricted to tes-
ticular germ cells, oogonia and placenta, all of which are in
immune-privileged sites [2, 3, 6]. These characteristics
suggested that NY-ESO-1-based vaccines would be
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immunogenic and that the resulting immune responses are
unlikely to target normal tissues.

Various HLA class I- and Il-restricted epitopes have
been identified along the NY-ESO-1 protein with a ‘hot
spot’ occurring around the central region of the protein
from amino acids 80-110 [7, 8]. Many additional epitopes
recognised by CD4 T cells in the context of HLA class II
have also been identified [8, 9, 10, 11, 12, 13, 14, 15, 16].

We have previously reported results of a placebo-con-
trolled vaccine trial LUD99-008 (initial trial) testing the
safety and immunogenicity of full-length NY-ESO-1 pro-
tein formulated with the saponin-based adjuvant ISCOM-
ATRIX™ adjuvant (CSL Limited, Australia) [7, 17]. This
study assessed responses in 46 evaluable participants with
fully resected NY-ESO-1 positive tumours. NY-ESO-1
protein dose was tested in three cohorts 10 pg/dose (cohort
A), 30 pg/dose (cohort B) and 100 pg/dose (cohort C).
Each participant received three doses of vaccine intra-
muscularly at monthly intervals. Additional control cohorts
received NY-ESO-1 protein without ISCOMATRIX™
adjuvant (cohort D) or placebo (normal saline for injection)
(P). All participants in this study also received 1 pg
NY-ESO-1 protein intradermally (ID) to test delayed-type
hypersensitivity (DTH) responses prior to and after com-
pleting the course of vaccinations, at day 86.

The vaccine was found to be safe and immunologically
potent [7, 8]. The majority of vaccinated participants
achieved high-titre antibody responses, strong DTH skin
reactions and circulating CD8+ and CD4+ T cells specific
for a broad range of NY-ESO-1 epitopes. Weaker immune
responses were observed in those who received NY-ESO-1
protein without ISCOMATRIX™ adjuvant, in cohort D or
in cohort P as part of the DTH skin testing regimen [7].

Participants in the initial vaccination trial (LUD99-008)
had fully resected tumours but were at high risk of disease
recurrence. There was concern that immune responses
generated during that trial may not be sustained long-term
without booster vaccinations. The principal objective of the
follow-up trial (LUDO1-017) reported here was to charac-
terise the persistence of NY-ESO-1-specific immune
responses several years after NY-ESO-1/ISCOMATRIX™
vaccination. This included antibody responses, CD4+ and
CD8+ T cell responses and DTH skin testing against the
NY-ESO-1 protein. Additionally, peptides were included in
the DTH testing regimen in order to evaluate epitope-
specific responses following vaccination with a full-length
antigen. The objective was to provide an insight into
antigen-specific immunity using an alternative source of
antigen as a specificity control (for example by eliminating
responses to contaminants in the protein preparation).
Administration of these peptides to all patients including
HLA-A2-ve patients was undertaken since these served as
a negative control population for peptide specificity.
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During the course of this trial, we gained the impression
that participants who had received adjuvanted vaccine
relapsed at a lower frequency than those who received
placebo or NY-ESO-1 protein alone. An unplanned anal-
ysis of relapse-free survival (RFS) was therefore performed
to assess this. We also examined antigen expression in
tumours resected from patients who relapsed. These data
provide an indication of potential clinical activity and are
also reported here.

Materials and methods
Participant population

All study subjects participated in the earlier vaccine trial
LUD 99-008 ‘initial trial’ [7]. Participants eligible for the
‘follow-up’ trial (LUDO1-017) to assess the persistence of
NY-ESO-1 immunity fulfilled inclusion criteria including
an expected survival of at least one month, adequate major
organ function and written informed consent. Patients were
not required to be disease free at entry into the follow-up
trial and those who had relapsed between the two trials
were eligible to participate if this was deemed to be an
acceptable clinical option by the treating physician.
Exclusion criteria included concomitant immunosuppres-
sive therapy, immunodeficiency or HIV; other serious ill-
nesses; metastatic disease to the central nervous system,
unless treated and stable; recent chemotherapy, radiation
therapy or immunotherapy; participation in another clinical
trial involving another investigational agent within 4 weeks
of enrolment; pregnancy or lactation. The trial protocol
was approved by the Ludwig Institute for Cancer Research
(LICR) Protocol Review Committee and the Austin Health
Human Research Ethics Committee. The study was inde-
pendently monitored by Kendle, Australia, and was per-
formed prior to the requirement for trial registration at an
ICMIJE-compliant registry. Participants from the initial trial
LUD99-008 who were unable to participate in LUDO1-017
were included in analyses of survival and tumour antigen
expression.

Trial design

The ‘follow-up’ trial LUDO1-017 (Evaluation of NY-ESO-1
immunity in patients who have previously been vaccinated
with NY-ESO-1 protein) was an open-label single-arm
study. All participants were assigned sequentially to the
skin DTH testing regimen. One microgram of NY-ESO-1
protein and 10 pg of each peptide were administered
intradermally (ID) on a single occasion at separate sites
10 cm apart for the first eight participants (1, 6, 7, 20, 21,
24, 28, 50). As only one peptide DTH reaction was
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observed, the protocol was amended so that the 1 pg NY-
ESO-1 protein was administered 4 weeks prior to the
peptides to act as a potential boost for the remaining 20
patients on this trial.

Protein and peptides for DTH skin testing

Class I HLA-A2 restricted peptides were NY-ESO-1;57_1¢7
(SLLMWITQCFL); NY-ESO-1,57_165 (SLLMWITQC)
and melanoma antigen gp100,g0_585 (YLEPGPVTA). Class
II HLA-DP4 restricted peptide was NY-ESO-1,57_179
(SLLMWITQCFLPVF). All were manufactured by Multi-
ple Peptide Systems (MPS, San Diego, CA) to GMP
specifications and were characterised by quantitative amino
acid analysis and mass spectrometry by M-Scan Limited,
England (DP4) or Auspep Pty. Ltd., Melbourne, Australia.
Biological safety testing was conducted by BioReliance
Inc., Rockville, Maryland, USA. All passed tests for ste-
rility/endotoxin detection and bacteriostatic/fungistatic
activity.

NY-ESO-1 protein was produced by bacterial fermen-
tation at CSL Limited, Melbourne, Australia, and purified
and formulated in conjunction with LICR, Melbourne,
Australia [18]. The final NY-ESO-1 protein concentration
was 0.3 mg/mL in 4 M urea and 50 mM glycine; 150 mM
Sodium Chloride, 100 mM Phosphate buffer, pH 6.5.

Immunologic assays
Serology

NY-ESO-1-specific antibodies were measured by ELISA
using a validated assay as previously described [7]. Blood
was drawn at baseline (day 0) and two or 6 weeks after
1 pg NY-ESO-1 ID protein administration. Sera from the
initial study were re-assessed concurrently to enable direct
comparisons of antibody titre.

DTH skin tests

DTH responses (induration and erythema) were assessed
2 days after ID injection. To establish a baseline for NY-
ESO-1 peptide reactivity, a series of controls were assessed
in 15 NY-ESO-1/ISCOMATRIX™ vaccine-naive partici-
pants from two other Ludwig Institute-sponsored trials,
LUD2002-003 n = 9 (unpublished) and the ‘initial trial’
LUD99-008 placebo cohort n = 6. Induration following ID
injection of NY-ESO-1157,165, NY-ESO-1157,167 or NY-
ESO-1,57_170, peptides were 0 mm (mean + 2SD) in these
15 subjects.

DTH responses in the initial LUD99-008 trial were
based on an examination of blinded data. Pre-existing
responses were defined as a baseline induration of >5 mm.

A positive response to vaccination was recorded if the
second DTH measurement was >5 mm and at least double
the baseline reading. Thus, in the LUDO1-017 trial, a
positive persisting DTH response to NY-ESO-1 was
defined as induration >0 mm following peptide and
>5 mm following NY-ESO-1 protein challenge. To reduce
variability, the administration of skin testing reagents and
interpretation of responses were limited to a small number
of people. Some reactive injection sites were biopsied for
histopathology, and toxicity was documented according to
National Cancer Institute Common Toxicity Criteria
version 2.0.

T cell assays

Flow cytometry assessed IFNy production by T cells
(intracellular cytokine stain; ICS) stimulated by a series of
overlapping peptides as previously described [7]. For the
ICS assay, T cells were expanded over a 10-14 day period
using the appropriate NY-ESO-1 18-mer peptides.
Peripheral blood mononuclear cells (5 x 10°) were pulsed
with 10 uM 18-mer peptides in pools of three 18-mers for
1 h at 37°C in 200 pL RPMI +10% FCS (RF10). An hour
later, RF10 + 25 IU IL-2 was added. Cultures were fed
and/or split every 2-3 days. An internal control (EBV-
specific T cells) for T cell expansion efficiency was
assessed in parallel. Positive controls for the ICS assays
were newly thawed T cells of known specificity. T cells
cultured without stimulating peptide served as negative
controls. CD8+ and CD4+ T cell responses to undefined T
cell epitopes was assessed by ICS using NY-ESO-1 13-mer
peptides overlapping by 11 amino acids. A response was
determined to be positive if more than 0.01% of T cells
producing IFNy could be identified as a discrete population
by flow cytometry. 18-mer peptides were individually
synthesised, and 13-mers were synthesised as cleaved pin-
peptides (Chiron Mimotopes, Victoria, Australia).

Relapse-free survival (RFS)

Survival data for the participants from the initial trial
LUD99-008 were collected with specific ethical approval
and data monitored for accuracy by Kendle, Australia. The
RFS analysis was restricted to the 42/46 vaccine recipients
with a diagnosis of melanoma [7]. RFS was calculated
from the time of entry into the initial trial LUD99-008.
Patients without progression were censored at the date they
were last known to be disease free.

Immunohistochemistry

Immunohistochemistry for NY-ESO-1 and S100 was per-
formed as previously described [19]. The HC-10 antibody
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(kindly provided by Brian Tait, Victorian Transplantation
and Immunogenetics Service, Melbourne, Australia) pref-
erentially recognises beta-2-microglobulin-free HLA-A,
-B, -C heavy chain and was used at a concentration of
0.004 mg/L. Antigen expression was categorised on the
basis of the proportion of cells staining positively as pre-
viously described [19]. All samples were scored in a
blinded fashion by a single dedicated pathologist (DW).

Statistical considerations

The study population was drawn from participants in the
‘initial trial’ LUD99-008 who were available, willing to
participate and eligible for the ‘follow-up trial’ LUDOI-
017. The relationship between prior vaccination and
persistent immunity was determined using Fisher’s exact
test (two-tailed), as was the relationship between vacci-
nation and subsequent tumour antigen (NY-ESO-1 &/or
HLA class I) downregulation. As analysis of survival and
RFS, data were not defined prospectively in either clin-
ical protocol these are presented descriptively without
statistical analysis. The results of a formal randomised
phase II NY-ESO-1/ISCOMATRIX™ vaccination trial
(Clinical Trial No.: LUD2003-009) will be reported in
due course.

Results
Participants

Twenty-eight of 46 participants from the initial LUD99-
008 trial were recruited into the follow-up LUDO1-017 trial
to assess persistence of NY-ESO-1 immunity. Of the
remaining 18, eight had died, two were on corticosteroids,
two were geographically inaccessible and six declined. The
demographics of the study population are shown in
Table 1. Of these, half (14) had previously received vac-
cine formulated with ISCOMATRIX™ adjuvant and 14
had received either NY-ESO-1 protein alone without
adjuvant or placebo. All had previously also received 1 pg
of intradermal (ID) NY-ESO-1 protein on two separate
occasions for DTH skin testing. At the completion of the
earlier trial, those participants who did not receive
ISCOMATRIX™ adjuvant had little or no NY-ESO-1
immunity [7]. Of the 28 participants who were studied for
persistent immunity in the follow-up trial, seven relapsed in
the interval between the two studies although five were
rendered disease free by surgery (pts 13, 30, 33, 44, 49).
The remaining two patients had evident disease at study
entry that did not require other treatment at the time (pts 1
and 51). A further two participants later relapsed at the
time of RFS analysis.
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In order to evaluate relapse after vaccination, all 46
melanoma patients from the earlier trial were assessed for
RFS and, when available, their tumours were biopsied after
relapse in order to assess antigen expression.

Safety

There were no serious adverse events (AE) reported. Low-
grade AE were injection site pain and itch, headache,
sweating, fine tremor, sinus tachycardia, asymptomatic
lymphopenia and leukopenia (grade 1) and insomnia (grade
2). No grade 3 or 4 events were observed.

Immunity

In order to assess persistent immunity, antibody, DTH and
T cell assays were performed. The interval between the two
trials ranged from 336 to 1,179 days.

Antibody to NY-ESO-1

Sera were collected 2 weeks after a 1 pg ID challenge of
NY-ESO-1 protein. Figure 1a shows antibody titres from
the 23/28 participants tested. Five of these had detectable
anti-NY-ESO-1 antibody; three were seropositive at the
time of entry into the follow-up trial (pts 1, 21, 29) and in
the other two, a response was boosted following antigen
challenge (pts 7, 24). Both of these had previous vaccine-
induced antibody following the protein/ISCOMATRIX™
adjuvant combination in the initial trial.

DTH skin reactions to NY-ESO-1 protein

Figure 1b and Table 2 show the cutaneous responses to
1 pg ID NY-ESO-1 protein at three time points; (1) prior to
vaccination on the initial trial, (2) at the completion of
vaccination on that initial protocol and (3) following
re-challenge 252—-1,155 days later in the current trial. In
most, skin reaction diameters declined between the two
studies, from 8.1 = 1.7 mm to 4.3 £ 1.3 mm. Seven
positive DTH reactions to NY-ESO-1 protein were recor-
ded in this study, four from vaccine recipients of cohort C
and three from patients from other cohorts. Interestingly,
all these three had positive skin tests prior to the initial trial
suggesting pre-existing spontaneous NY-ESO-1 immunity.
Twelve participants had persistently negative skin test
reactions. There was no apparent relationship between a
persistent antibody and a skin response to NY-ESO-1.

Skin reactions to NY-ESO-1 peptides

Table 2 summarises the DTH skin reactions against
NY-ESO-1 recorded in this trial. In addition, no DTH skin
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cT}?a};Litleri}s)glsgfégiilggraphics Characteristics/Demographics N %
upon recruitment to the Number of subjects entered Total 28
LUDO01-017 study
Gender Male 15 54
Female 13 46
Age Median (range) 55 (34-79)
No. of days since NY-ESO-1 protein Median (range) 680 (252-1,155)
exposure in LUD99-008 trial
Performance status 100% 24 86
90% 3 11
ND 1 4
Previous therapies Surgery 28 100
Radiotherapy 9 32
Systemic therapy 9 32
Tumour stage at LUD99-008 study entry I 2 7
1I 6 21
1 13 46
v 7 25
Persistent or recurrent tumour between Progressive stage (relapsed)” 7 25
study LUD99-008 and LUD2001-017
Stable stage (no relapse)” 21 75
HLA-A2+ 16 57

Treatment arm (LUD99-008)

? Progressive stage: subject had
relapse/s between LUD99-008
and LUDO1-017

® Stable stage: subject had no
relapse between LUD99-008
and LUDO1-017

Primary diagnosis

A: vaccine dose 10 pg 3 11

B: vaccine dose 30 pg 2

C: vaccine dose 100 pg 9 32
8

D: NY-ESO-1 protein 100 pg 29
without ISCOMATRIX™

adjuvant
Placebo 6 21
Breast 3 11
Melanoma 25 89

reactions were recorded to the control gp100,50_gs peptide
and only a single reaction was recorded for the HLA-DP4
restricted NY-ESO-1,57_170 peptide (pt 45).

In general, peptide-specific responses were modest and
correlated poorly with responses to protein, suggesting that
cellular immune responses to these epitopes were unlikely
to have contributed significantly to the inflammation
induced by the protein preparation. Taken together with the
assays for circulating T cell responses (Tables 2 and 3), we
concluded that skin testing with these peptides did not give
a reliable indication of anti-NY-ESO-1 T cell immunity.

Cellular immune responses to NY-ESO-1

T cell responses against various NY-ESO-1 peptide epi-
topes were evaluated in 26/28 participants and for most
previously cryopreserved cells from the earlier trial were
available for side-by-side comparison. Table 3 summarises
the responses that were seen in those 14 patients who
had persisting T cell immunity. Most of these received
ISCOMATRIX™ adjuvant in cohort C.

Relationship of long-term immunity with vaccine
cohort

Table 4 summarises immunity before and after each trial.
We were particularly interested to relate immune persis-
tence to the initial vaccine dose and whether or not
ISCOMATRIX™ adjuvant affected this. There was a clear
association between persistent immunity and ISCOMA-
TRIX™ adjuvant administered in either cohort A, B or C.
In contrast, those who received protein without adjuvant,
either at the 100 pg dose (cohort D) or as ID protein only
for DTH testing (1 pg on 2 occasions; placebo cohort),
rarely had persisting responses, P = 0.02.

Clinical outcomes

During the course of follow-up, we gained a strong clinical
impression receiving ISCOMATRIX™ adjuvant in the
initial LUD99-008 vaccination trial may have influenced
the likelihood of relapse. All melanoma patients on this
trial were evaluated to assess this. Median follow-up was
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Fig. 1 Antibody titre and skin DTH in NY-ESO-1 vaccine cohorts.
a Antibody titres of individual participants grouped according to dose
cohort in the initial vaccination trial (LUD99-008 or 99-008). Y-axis
shows reciprocal antibody titre with 2,000 set as the baseline for this
assay. Patients received three vaccinations or placebo on the LUD99-
008 trial. Pre- and post-vaccination titres are indicated by Pre-99-008
and Post-99-008; Pre-01-017 indicates baseline antibody titre on
LUDO01-017 trial; Post-01-017 titre assessed 2 or 6 weeks following

1,430 days, 5/19 patients relapsed in the ISCOMATRIX™
adjuvant-receiving cohorts A, B and C; whereas 13/23
relapsed from cohorts D (7/16) and P (6/7). A retrospective
assessment of prognostic factors (age, sex, primary lesion
thickness, time since diagnosis, stage at study entry,
number of recurrences prior to entry, time since last
resection prior to study entry) did not reveal any apparent
differences between the groups.

Emergence of antigen downregulation tumour
phenotype— ‘immunoediting’

On relapse, we were able to analyse 26 biopsies from 17
patients with melanoma who were recruited onto the initial
LUD99-008 vaccination trial. Because these patients had
relapsed, a proportion was unable to participate in the
follow-up LUD 01-017 trial. NY-ESO-1 and HLA class I
heavy chain were assessed by immunohistochemistry.
Patients comprised six from cohorts A, B and C all of
whom received vaccine with ISCOMATRIX™ adjuvant,
and 11 patients from cohorts D and P who received
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1 ng ID NY-ESO-1 protein challenge. b Skin DTH induration
measured two days after ID injection of 1 pg of NY-ESO-1 protein.
DTH responses for individual participants are grouped according to
dose cohort in the initial LUD99-008 vaccination trial. Pre- and post-
vaccination DTH size are indicated by Pre-99-008 and Post-99-008;
Post-01-017 indicates DTH reaction two days after 1 pg NY-ESO-1
protein challenge on LUDO1-017 trial. DTH values below the dotted
line (<5 mm) were classified as negative responses

NY-ESO-1 protein alone or placebo. In 6/6 samples where
patients received NY-ESO-1/ISCOMATRIX™, adjuvant
downregulation of either HLA class I (n = 1) or NY-ESO-1
protein (n = 5) expression was demonstrated by immu-
nohistochemistry (Table 5). Examples of four such patients
are shown in Fig. 2. In contrast, evidence of antigen
downregulation was only seen in 5 of the 11 patients from
the cohorts that received no adjuvant (cohort D or P)
(P = 0.043). This suggests that the adjuvanted vaccine was
effective at inducing selective pressure on the tumour
phenotype.

Discussion

There is growing recognition of the dynamic response
between immunity and cancer, described recently in three
stages; ‘Elimination’, ‘Equilibrium’ and ‘Escape’ [20].
Unless total elimination is achieved, effective anticancer
immunotherapy will require persistence of an immune
response in order to sustain the equilibrium of remission
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Table 2 DTH responses (mm) to NY-ESO-1 protein and peptide challenge

Patient no. Cohort HLA-A2+ NY-ESO-1,57_165 peptide” NY-ESO-1,5,_167 peptide” NY-ESO-1 protein
DTH (mm) DTH (mm) DTH (mm)

1* A + - - -
2 A + 4 — —
3 A + 4 3 8¢
4 B + - — 4°
6" B + - - =
7 C + — — 30¢
8 C — — 15
10 C — — 12
13 C — - —
16 C - — 2
17 C + 3 — 5
20° C + - - -
217 C + 3 4 15
24° C — — —
28* D — — —
29 D — — -
30 D + - - 4
33 D + 3 3 _
37 D - - 0°
39 D + 1 - 4
40 D 4 — 6
42 D + - - -
43 P — — —
44 P + - - —
45 P 3 — 3
49 P + - - -
50° P - - 7°
51 P + - 4 —

 Patients received NY-ESO-1 protein challenge simultaneously with NY-ESO-1 peptides prior to LUD0O1-017 protocol amendment. For all
other patients, peptide DTH responses were assessed 4 weeks following 1 pg NY-ESO-1 protein challenge and DTH skin testing

b NY-ESO-1,57.165 and NY-ESO-1,57.167 peptides are HLA-A2 restricted
¢ Pre-existing NY-ESO-1 DTH response detected at commencement of LUD99-008 vaccination trial

status. It is therefore critical to evaluate the quality and
longevity of any induced immune response against cancer
antigens.

We sought to evaluate persistent immunity and clinical
outcomes in a cohort of patients who had previously been
vaccinated against the cancer antigen NY-ESO-1. That initial
study was a phase I trial; so, this analysis is constrained by
small numbers and by comprising patients treated at a variety
of dose levels. Additionally, the current trial could only be
performed with surviving patients, thereby introducing a bias
in the study population. Nonetheless, it has the advantage of
using an antigen system that can induce robust cellular and
humoral immunity, so even with small numbers, hypothesis-
generating observations could be made. These serve as the
basis for future prospective trials.

The patients examined in this study had been vaccinated
years earlier on a protocol that included NY-ESO-1 with or
without ISCOMATRIX™ adjuvant. We show here that
NY-ESO-1-specific immunity persisted long-term, espe-
cially in those patients who received the adjuvant. Immu-
nity was boosted following re-challenge with antigen and
at the highest dose of vaccine (100ug) with adjuvant), there
was a signal of improved relapse-free survival. Finally,
downregulation of NY-ESO-1 or HLA class I suggested
that immune evasion might be induced, thereby providing a
mechanism for relapse in some.

Very little is known about the persistence of vaccine-
induced immunity following immunisation with full-length
protein cancer antigens. We observed T cell responses
in 14/26 patients following NY-ESO-1 re-challenge
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Table 3 Peripheral blood T cell responses to NY-ESO-1 peptides detected prior to and following the vaccination LUD99-008 and follow-up

LUDO1-017 trials

Patient Cohort Peptide response LUD99-008 LUDO1-017 LUD99-008 LUDO01-017
No. prior to vaccine CD4 peptide CD4 peptide CD8 peptide CD8 peptide
1 A 108-120 108-120
122-134 122-134
157-165 157-165 157-165
157-174 157-174
3 A 87-99 87-99
B 157-174
7 C 87-99 87-99
128-140 128-140 128-140 128-140
157-174 157-174 157-165 157-165
8 C 85-97 85-97 85-97
157-170 157-170 157-170
10 C 85-96 85-96 85-96
85-102 85-102
118-130 118-130 118-130
120-132 120-132 120-132
157-174 157-174
16 C 121-138
126-134 126-134
17 C 85-102 85-102
21 C 60-72 60-72
82-94 82-94
103-120 103-120
24 C 86-98 86-98 86-98
33 D 157-165
37 D 121-138 121-138
39 D 21-33 21-33 21-33
40-52 40-52 40-52
157-165 157-165
42 D 127-144 127-144 127-144

administered between 252 and 1,155 days from the last
exogenous NY-ESO-1 exposure. These responses were
characterised by readily detectable CD4+ and CD8+
lymphocyte responses elicited following in vitro re-stimu-
lation with peptides. In most cases, the responses detected
had the same specificities as those elicited during initial
vaccination (Table 3). In contrast, cutaneous responses and
antibody titres were either attenuated or lost in the period
between NY-ESO-1 administered in the initial and follow-
up studies (Fig. la, b).

Atanackovic et al. [21] reported a phase II trial in which
recombinant MAGE-A3 protein was administered with or
without adjuvant ASO02B to 18 lung cancer patients after
tumour resection. The presence of the adjuvant was
essential for the development of humoral and cellular
responses against selected epitopes. In 14 patients that still
had no evidence of disease up to 3 years after vaccination,
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four additional doses of MAGE-A3 protein with adjuvant
AS02B were administered. After just one boost injection,
six of seven patients originally vaccinated with protein plus
adjuvant re-attained the anti-MAGE A3 antibody titres that
were comparable to those that were achieved after the first
course of vaccination. All seven patients subsequently
developed even greater antibody responses. Furthermore,
booster vaccination widened the spectrum of CD4+ and
CD8+ T cells against various new and known MAGE-A3
epitopes. The quality of the response reported here prob-
ably highlights the value of the higher vaccination and
boosting dose of antigen (300 pg) although there may also
be differences due to differing characteristics of the two
adjuvant and antigen systems. Nonetheless, both studies do
establish the importance of the adjuvant during initial
vaccination in order to achieve persistent memory and
recall responses.
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Table 4 Summary of NY-ESO-1 immunity in patients enroled in LUD99-008 and LUDO01-017 studies

Patient Treatment Persistent or Immunity prior Induced immunity Persisting immunity
number cohort recurrent tumour to vaccination LUDY9-008 LUDO1-017
1? A YesP Y Y Y
2 A No N Y N

3 A No Y Y Y

4 B No Y Y N

6" B No Y Y Y

7* C No Y Y Y

8 C No Y Y Y

10 C No Y Y Y

13 C Yes N Y N

16 C No N Y Y

17 C No N Y Y
20% C No N Y N
21% C No N Y Y
24% C No Y Y Y
Subtotal C 2/14 8/14 14/14 10/14
28* D No N N N
29 D No N N N°¢
30 D Yes N N N
33 D Yes N N N
37 D No Y Y Y
39 D No Y Y Y
40 D No N Y N
42 D No Y Y Y
43 P No N N N
44 P Yes N N N
45 P No N N N
49 P Yes N N N
50% P No Y N N

51 P Yes® Y N N
Subtotal P 5/14 5/14 4/14 3/14

Immunity defined as a positive DTH, antibody or T cell response. Vaccination trial = LUD99-008; persisting immunity assessed in LUD01-017

trial

* Received intradermal NY-ESO-1 protein simultaneously with NY-ESO-1 peptides prior to protocol amendment

® Metastatic disease detected at end LUD99-008 vaccination trial

¢ Spontaneous antibody arose between both two trials, no response to vaccine in LUD99-008

Persistence of vaccine-induced immunity in cohort A, B and C vs. cohort D & P P = 0.02

Other investigators have reported long-term follow-up
after peptide vaccination. Chiong et al. described persis-
tence CD8+ T cells specific for a gp100 epitope 36 months
after vaccination in five melanoma patients with minimal
residual disease who remained free of disease for more
than 4.5 years [22]. It is likely that these responses were
vaccine-induced; however, baseline values were not
reported, so some may have arisen spontaneously. Another
report in patients with epithelial ovarian cancer vaccinated
with NY-ESO-1 peptides characterised the longevity of
CD8+ and CD4+ responses [23]. Patients were selected on

the basis of being disease free at least six months post-
vaccination and all had demonstrable vaccine-induced
responses at early time points. CD44- T cells were detected
in 5/5 patients six and 12 months following peptide
(NY-ESO-1,57_170) administration. However, only two
patients had detectable CD8+ T cells at six and 12 months
(K Odunsi, personal communication).

Although previous trials have used skin testing to assess
immunity to tumour antigens [23-28], the peptides were
generally both used for treatment and for monitoring
responses. In contrast, our study used synthetic peptides for
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Table 5 Immunohistochemistry of metastatic tumours removed from participants of the LUD99-008 vaccination trial at relapse

Patient ID Cohort Antigen expression pre-vaccination on

Antigen expression post-vaccination LUD99-008 Antigen downregulation

LUD99-008
NY-ESO-1 (%) Class I (%) Days to relapse®* NY-ESO-1 (%) Class1(%) Yes/No
1 A >76 >76 804 >76 <5 Yes
2 A 26-50 26-50 1,912 6-25 >75 Yes
5 B 26-50 <5 1,294 Negative 26-50 Yes
9 C 6-25 26-50 958 Negative 51-75 Yes
1,013 <5 >76 Yes
1,281 Negative 6-25 Yes
12 C 26-50 100 360 <5 51-75 Yes
510 6-25 6-25 Yes
541 6-25 6-25 Yes
13 C 6-25 6-25 943 <5 >76 Yes
6/6 patients
27 D <5 26-50 510 <5 26-50 No
690 <5 51-75 No
28 D <5 51-75 619 26-50 26-50 No
29 D 6-25 >76 958 >76 >76 No
30 D 26-50 >76 210 Negative 51-75 Yes
32 D 6-25 <5 73 51-75 6-25 No
79 6-25 6-25 No
119 26-50 26-50 No
33 D 6-25 <5 340 6-25 <5 No
1,111 Negative 51-75 Yes
36 D >76 <5 1,091 >76 <5 No
38 D <5 <5 246 <5 >76 No
51 P <5 >76 502 <5 >76 No
44 P 26-50 <5 409 Negative >76 Yes
1,502 Negative 51-75 Yes
49 P 26-50 100 214 Negative >75 Yes

5/11 patients

* Multiple days refer to biopsies undertaken on repeated occasions

the assessment epitope-specific reactions following vacci-
nation with a full-length antigen. Despite modifying the
protocol in an attempt to boost immunity, skin reactions to
the HLA-A2-restricted peptide were only seen in 6/16
HLA-A2+ve patients and to the DP4 peptide in 1/22
DP4+ve patients. Furthermore, some responses were
inconsistent with expectations since two HLA-A2-ve
patients responded to the HLA-A2-restricted NY-ESO-
1157-165 peptides (pts 40, 45) and some HLA-A2+ve
patients responded to NY-ESO-1,57_145 but not NY-ESO-
1157_167 peptide (pts 2, 17, 39). Since NY-ESO-157_¢5 lies
within the longer NY-ESO-1,5,_1¢7 peptide, we expected
patients to respond to both and this was not observed. So,
skin testing with these peptides does not appear to provide
a reliable indication of anti-NY-ESO-1 T cell immunity.
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The cellular immune responses elicited in each of the
trials are shown in Table 3. These assays, which rely on in
vitro re-stimulation, were not quantitative, and responses
have been recorded as present or undetectable. It is clear
that those epitope-specific responses that dominated the first
time around were the same as those that were seen years
later. Although this persistence can likely be attributed to
the effect of the earlier vaccine, we cannot exclude micro-
metastatic disease serving as a source of antigen to sustain
immunity. Indeed, this is suggested by the appearance of
spontaneous antibody between vaccination and re-challenge
exposures in one participant.

Persisting immunity can only be considered helpful it
delays or prevents disease relapse. We therefore sought to
relate the immunity to clinical endpoints. Two measures of
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Fig. 2 Antigen and HLA expression prior to vaccination and after
relapse; a Participant 1 (cohort A): IHC for NY-ESO-1 in a
subcutaneous nodule pre-vaccine (LUD99-008) showing homoge-
neous NY-ESO-1 expression and a ‘brisk’ lymphocytic infiltrate.
b Participant 1 metastectomy from liver 420 days after vaccination
demonstrates persisting NY-ESO-1 and loss of TILs. ¢ Participant 1
melanoma antigen S100 and d HLA class I (HC-10) indicating loss of
class I from liver metastasis. e Participant 12 (cohort C): pre-
vaccination and f post-vaccination showing loss of NY-ESO-1
expression in relapse sample 122 days post-vaccine. g Participant 9
(cohort C): pre-vaccination and h post-vaccination showing loss of
NY-ESO-1 expression in relapse sample 750 days post-vaccine.
i Participant 13 (cohort C): pre-vaccination and j post-vaccine
showing loss of NY-ESO-1 expression in relapse sample 919 days
post-vaccine

anti-cancer immunity were assessed; tumour recurrence
and phenotype. Relapses did appear reduced in those sub-
jects who received the vaccine. Nonetheless, they were not

prevented altogether; so, we sought evidence for tumour
immunoediting either through downregulation of NY-ESO-
1 or HLA class I. The demonstration of this (Fig. 2 and
Table 5) suggests that the persisting immune response did
apply selective pressure capable of altering the tumour
phenotype. While it is clear that there was not an absolute
loss of antigen, IHC does not reflects tumour ‘visibility’
from the perspective of T cell and it is not been technically
possible to determine the presence of antigen-specific
HLA-peptide complexes on the surface of cells. Nonethe-
less, in each case, ISCOMATRIX™ adjuvant appeared to
enhance the effect. In recent studies, we have shown that
ISCOMATRIX™ assists cross presentation of NY-ESO-1
to generate T cell responses against epitopes that are targets
for immune recognition on cancer cells as well as dendritic
cells [29, 30]. This may prove important, since differing or
alternative antigen-processing pathways can be accessed in
professional antigen-presenting cells (APC) and tumours
[31]. For effective immunity to occur, antigen processing
by APC needs to generate the same epitopes that are pre-
sented on tumour target cells. Immunoediting suggests that
this is occurring in the case of this vaccine.

To confirm the observations reported here, a randomised
placebo-controlled trial of NY-ESO-1 ISCOMATRIX™
adjuvant in patients with stage III and resected stage IV
melanoma has been initiated (LUD2003-009, clinicaltri-
als.gov identifier NCT00199901). Results from that trial
will be reported separately.
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