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Abstract Recently, several types of immunotherapies have
been shown to induce encouraging clinical results, though in
a restricted number of patients. Consequently, there is a need
to identify immune biomarkers to select patients who will
benefit from such therapies. Such predictive biomarkers may
be also used as surrogates for overall survival (OS). We have
recently found correlations between immunologic parame-
ters and clinical outcome in prostate cancer patients who had
been vaccinated with a HER-2/neu hybrid polypeptide vac-
cine (AE37) and received one booster 6 months post-primary
vaccinations. Herein, we aimed to expand these retrospective
analyses by studying the predictive impact of HLA-A*24
and HLA-DRB1*11 alleles, which are expressed at high
frequencies among responders in our vaccinated patients,
for clinical and immunological responses to AE37 vaccina-
tion. Our data show an increased OS of patients expressing
the HLA-DRB1*11 or HLA-A*24 alleles, or both. Vaccine-
induced immunological responses, measured as interferon
vy (IFN-y) responses in vitro or delayed-type hypersensitiv-
ity reactions in vivo, were also higher in these patients and
inversely correlated with suppressor elements. Preexisting
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(i.e., before vaccinations with AE37) levels of vaccine-spe-
cific IFN-y immunity and plasma TGF-8, among the HLA-
A*24 and/or HLA-DRBI1*11 positive patients, were strong
indicators for immunological responses to AE37 treatment.
These data suggest that HLA-DRB1*11 and HLA-A*24 are
likely to be predictive factors for immunological and clinical
responses to vaccination with AE37, though prospective vali-
dation in larger cohorts is needed.
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Abbreviations

APC Antigen presenting cells

CTL Cytotoxic T lymphocytes

DTH Delayed-type hypersensitivity

FDA Food and drug administration

GM-CSF Granulocyte-macrophage colony-stimulating
factor

HER-2 Human epidermal growth factor receptor 2
or HER-2/neu

HLA Human leukocyte antigen

IDO Indoleamine 2,3-dioxygenase

IFN-y Interferon gamma

LT Long term

LTB Long-term booster

MHC Major histocompatibility complex

oS Overall survival

TGF-8 Transforming growth factor beta

Introduction

The relatively indolent nature even of progressed pros-
tate cancer, compared with some other types of metastatic
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disease, allows time for an immune response to be gener-
ated, making it a good candidate for immune-based thera-
pies [1]. Indeed, recent immunotherapy trials in prostate
cancer have indicated that active immune responses can
be achieved with therapeutic cancer vaccines, providing
long-term clinical benefit for cancer patients [2, 3]. FDA-
approved Sipuleucel-T, an autologous cellular-based immu-
notherapy which targets prostatic acid phosphatase, dem-
onstrated its effectiveness in reducing the risk of death in
metastatic castration-resistant prostate cancer [2]. Beyond
Sipuleucel-T, several other active immunotherapies, involv-
ing targeting prostate-specific antigen (PSA) or prostate-
specific membrane antigen (PSMA), are currently in devel-
opment, making immunotherapy an established treatment
approach for prostate cancer [1, 2, 4]. However, despite
encouraging results from vaccination trials in prostate
cancer, still there is a significant need to further improve
clinical efficacy. The proper clinical design, as well as
combining vaccines with other treatments, is essential for
developing an effective prostate cancer vaccine strategy.
Moreover, the methods of response evaluations in vaccina-
tion strategies should be standardized, and the best surro-
gate markers need to be chosen so as to optimize vaccine
efficacy and select the best treatment schedules [5].

Major histocompatibility complex (MHC) products are
important factors genetically restricting T cell responses to
peptides also including those derived from tumor proteins
[6]. Cytotoxic and helper T cells recognize processed anti-
genic peptides presented in the context of MHC class I or
II molecules, respectively [6]. The polymorphism of MHC
gene products directly affects the ability to bind specific
peptide sequences, and, thus, it is likely that various HLA
molecules differ in their ability to present tumor-specific
endogenous antigens and to stimulate antitumor immune
responses in individual patients [7]. Several investigators
have demonstrated a relationship between susceptibility
and resistance to various types of cancer including lung
carcinoma, melanoma, head and neck carcinoma and epi-
thelial ovarian cancer, and HLA phenotype [8—11], high-
lighting the potential of HLA alleles as prognostic factors
and supporting the concept of immune surveillance in
cancer patients. Moreover, various HLA alleles have been
studied as biomarkers predicting responses to immune-
based therapies in solid tumors as well as in haematological
malignancies [12—14].

Tumors of the prostate in the majority of patients
(>70 %) are positive for HER-2/neu (HER-2) expression,
whereas HER-2 overexpression, found during the late
stages of disease in castrate-resistant patients [15-17],
makes HER-2 targeting an attractive treatment strategy for
these patients. Work from our laboratory has shown that the
HER-2(776-790) epitope (also named AE36) serves as a
compelling tumor immunogenic epitope and that CD4+ T
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cells primed with the synthetic AE36 peptide help autolo-
gous cytotoxic T lymphocytes (CTL) for increased anti-
tumor activity [18, 19]. We have shown that AE36 chemi-
cally linked to a tetra-peptide from the invariant chain of
MHC class II molecules (li-key/AE36 hybrid peptide or
AE37) induces more potent immunologic responses both
in vitro and in vivo compared to the non-modified peptide
AE36 [19]. In a phase I trial, we have immunized 29 pros-
tate cancer patients with AE37 plus GM-CSF as an adju-
vant. The vaccine was given in 6 monthly inoculations and
was well tolerated with minimal toxicity. AE37-induced
strong immunological responses in vivo (DTH) and in
vitro (INF-y production) could be measured in the major-
ity of patients and were correlated with decreases in TGF-f
plasma levels [20]. Long-term immunity to AE37 was still
detectable 6 months post-vaccinations and could be con-
siderably prolonged for an additional period of 36 months
after a single AE37 booster inoculation [21]. Retrospec-
tive analyses revealed that preexisting IFN-y immunity to
the vaccine and plasma TGF-f levels correlated with DTH
reactions and overall survival (OS) [22]. The data from our
studies have demonstrated the important role of HER-2 as
a therapeutic target in prostate cancer and implied a signifi-
cant role for AE37 as a therapeutic vaccine that should be
studied to prevent disease progression both at early and late
stages (i.e., castrate-sensitive and castrate-resistant prostate
cancer, respectively).

The goal of this study was to retrospectively assess
the relevance of HLA molecules on the immunological
responses to AE37 vaccination and on the long-term sur-
vival of vaccinated patients.

Materials and methods
Study design

A detailed description of the phase I clinical trial (EudraCT
2006-003299-37) design has been reported recently [20,
21]. In brief, androgen-dependent and androgen-independ-
ent prostate cancer patients with primary tumors express-
ing HER-2/neu™ (score 14+ to 3+) and ECOG 0 or 1,
were eligible. Exclusions criteria included patients with
ECOG > 2, active infection, severe cardiovascular comor-
bidity, acute/chronic HBV, HCV and HIV seropositivity,
diagnosis of other primary solid/hematologic malignancy
and any pathological comorbidity affecting patients’ com-
pliance in the proposed clinical protocol. Patients received
6 monthly vaccinations of the AE37 peptide with GM-CSF
as an immunoadjuvant. Of the 32 patients enrolled, 23
received one AE37 booster 6 months post-primary vaccine
regimen, following the approval of St Savas Institutional
Review Board and written informed consent. Analyses
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were performed by comparing data from immune monitor-
ing performed at enrollment (RO) and 1 month after the 6th
vaccination (R6). Long-term (LT) assessment was done at
6th month after the 6th vaccination. The booster injection
was given on the same day of LT, and long-term booster
(LTB) assessment was performed 1 month later.

HLA typing

The HLA typing was performed for HLA-A and HLA-DR
loci by PCR-SSP (polymerase chain reaction—sequence-
specific primers) using Olerup products (Olerup SSP,
Saltsjobaden, Sweden), according to the manufacturer’s
instructions.

Delayed-type hypersensitivity

Delayed-type hypersensitivity (DTH) reaction was tested at
the indicated time points. The DTH reaction was assessed
with 100 g AE36, measured in two dimensions at 48 h and
results are reported as an orthogonal mean [20]. Patients
must have an induration of >5 mm post-vaccination to be
considered as having developed a positive DTH reaction.

ELISPOT assay

The ELISPOT assay was performed as described previ-
ously [20]. In brief, freshly isolated PBMCs were cultured
in quadruplicate at 2.5 x 10> cells per well, with 10 jLg/ml
of AE36 or medium alone (negative control) in precoated
IFN-y ELISPOT plates (Mabtech AB, Sweden). The plates
were incubated for 40 h and developed as described by the
manufacturer. Spots were enumerated using an ELISPOT
analyzer (A.EL.VIS GmbH). Data are presented as specific
spots (experimental spots minus negative control spots) per
10° PBMCs.

Plasma human TGF-f determination

Plasma (heparine) samples were collected at the indicated
time points and stored until analysis at —70 °C. Commer-
cially available immunoassay kits were used for measure-
ments of the activated (immunoreactive form) TGF-f1,
after acid treatment of plasma, according to the manufac-
turer’s instructions (human TGF-f1 instant enzyme-linked
immunosorbent assay, Bender MedSystems GmbH).

Phenotypic characterization of Tregs

This was performed by using anti-CD45-PerCP, CD4-APC,
CD25-FITC and CD127-PE (all purchased from BD Bio-
sciences) as previously reported [20]. Tregs were defined as
CD4 + CD25™EhCD127/Vree,

Assessment of IDO activity

IDO activity was estimated by quantifying tryptophan
(Trp) and its metabolite kynurenine (Kyn) as previously
described [21]. Patient’s plasmas were tested in dupli-
cates, and samples of three donors without cancer were
also systematically included. Results are expressed as
Kyn puM/Trp mM ratios (mean of duplicate measure-
ments) [23].

Statistical analysis

GraphPad Prism version 5 software was used for statisti-
cal analysis of data. The nonparametric Mann—Whitney
t test with a 95 % confidence interval was used for statis-
tical evaluation of patient groups at different time points.
Kaplan—-Meier curves and log rank test were used for the
evaluation of OS. Fisher’s exact test or Chi-square test
was used for comparison of percent distributions among
group profiles. For ¢ test and survival analyses differences
were considered significant when p value was <0.05. For
Fisher’s exact test or Chi-square test, statistically signifi-
cant differences were further evaluated after Bonferroni
correction of the cutoff (a/n, where n = 7: IFN-y, DTH,
TGF-B, Tregs, IDO, HLA-A*24 and HLA-DRB1*11) and
were considered highly statistically significant for p values
<0.0071.

Results

Association between expression of two HLA antigens
and clinical response to the AE37 vaccine

A total of 23 patients, who had received one booster of the
AE37 hybrid peptide vaccine, 6 months post-primary vac-
cinations, were included in the analysis. Twelve of these
patients developed increased immunity in response to
AE37 vaccinations and were classified as high responders
(HR) (Table 1 and [20, 21]). Interestingly, of the 12 HR
patients, nine (75 %) were HLA-DRB1*11 positive (+)
and seven (58 %) were HLA-A*24+ (Table 1). We have
stratified our patients based on the expression of these HLA
alleles and calculated the median OS (mOS) starting from
the date of diagnosis (median follow-up 71 months; range,
17 to 161). Figure 1 shows that, in contrast to HLA-A*24,
HLA-DRB1*11 was strongly associated with OS (Fig. la,
b). When patients were categorized as having expressed
HLA-A*24 and HLA-DRB1*11 vs neither HLA-A*24 nor
HLA-DRB1*11, differences in OS reached almost statisti-
cal significance (Fig. 1c). Finally, there were no differences
when mOS was analyzed for each group separately vs the
total population.
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Table 1 Responder status, HER-2 status, and HLA typing of prostate cancer patients receiving the AE37 vaccine

Patient # Time points HLA typing HER-2 status Responder status
R1 R2 R3 R4 RS R6 LT LTB

08 e S S S R S pp4/b /44 A®24 A¥68 DRBIF11 14 R
DRBI1*14

10 + + - + + At At —/+++  A*01 A*30 DRB1*04 1+ HR
DRBI1*11

11 + +++ ++  + - +/- +/— —/— A*02 A*32 DRB1*04 2+ R
DRB1*07

12 ++ + ++ - ++ ++/= +/+++ +/++ A*26 DRB1*11 1+ HR

13 — + — - —/- —/— —/++ A*02 A*32 DRB1*04 3+ NR

14 — + + - + I+ ++/++ ++/+++ A*24 A*33DRBI*03 1+ HR
DRBI1*11

15 + — + ++ ++ +H A+ A+ A A*24 A*29 DRBIFIT 2+ HR

16 ++ ++  ++  ++ A+t A A A AR24 A*32 DRBIFID 14 HR
DRBI1*15

17 — + ++ = + - +/— +/+ A*01 DRB1*11 1+ R
DRBI1*13

19 — — - + - —/= +/— +/— A*02 A*24 DRB1*01 2+ NR
DRBI1*09

20 + + ++  ++ + A A ++/+++ A*02 A*03 DRB1*04 2+ HR
DRBI1*12

21 ++++ ++  +++ + +  —/++ F++/4+4++ ++/+++ A*02A*03 DRB1*¥15 1+ HR
DRBI1*16

22 + - - - -+ —/++ —/++ A*02 A*30 DRB1*15 1+ R

23 — +++ — - - I+ —/+ —/+ A*02 A*11 DRB1*04 3+ R
DRB1*16

24 - +++ + ++ ++ +/-= +/— +/— A*01 A*03 DRB1*11 2+ R
DRB1*16

25 — ++ = + + —=/= —/+ —/+ A*24 A*32 DRB1*04 3+ R
DRBI*11

26 +++  + ++ - ++ —/++ +/+++ —/++ A*03 A*11 DRB1*01 2+ R
DRBI1*16

27 + ++  + + + A =+ +/+ A*02 A*03 DRB1*11 3+ HR
DRBI1*15

28 — — - ++ + /= +/+++ ++/+++ A*02 A*24 DRB1*16 3+ HR

29 — — - + + =4+ —/++ +++/++ A*03 A*24 DRBI*11 1+ HR
DRBI1*13

30 ++ + + + + =/ =t +/+++  A*24 DRB1*03 24 HR
DRB1*11

31 - ++  + 4+ A +/4+++  A¥02A*24 DRB1*01 2+ HR
DRB1*11

32 - - — - - - NT NT A*24 A*32 DRB1*07 1+ ?
DRBI1*10

R (responders): those who developed positive ELISPOT (i.e., SI > 1.55) (i) at 2 sequential time points between R1 and R5 and in at least one of
R6, LT, or LTB or (ii) positive DTH in at least two of the R6, LT, and LTB

HR (high responders): as for “responders” plus (ii) positive DTH in at least two of the R6, LT, and LTB
NT not tested

&SI for IFN-y-based ELISPOT at the indicated time points (no. of experimental spots/no. of background spots): 1.45-1.55: £; >1.55-2: +;
>2-4 445 >4-8: +++; >8: ++++
® DTH reactions: 5-10 mm: +; >10-20 mm: ++; >20-50 mm: ++-+; >50 mm: +—+++
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Fig. 1 Association between clinical response and HLA expression in
AE37-vaccinated patients. Kaplan—-Meier analysis of time from pri-
mary diagnosis (a—d) by HLA expression, as indicated. p values for d
versus a, versus b, versus ¢: 0.2716, 0.2482, and 0.1038, respectively.
Correlation between expression of HLA antigens with clinical out-

Immunological responses in vitro and in vivo

To understand how immunity develops during and post-
vaccination as well as after booster, we first analyzed the
levels of in vitro immunity in the three groups of patients,
which was measured as frequencies of IFN-y produc-
ing PBMCs in response to AE36 in the ELISPOT assay
[20-22]. As shown in Fig. 2a, there was a strong trend for
increased IFN-y responses during LTB in HLA-A*24+
patients compared to HLA-A*24— ones. Such responses
measured post-booster were even stronger among HLA-
DRB1*114 patients and highly significant when compared
to those developed by HLA-DRB1*11— patients (Fig. 2b).
Statistical significance was also reached when IFN-y
responses to AE36 were analyzed in HLA-DRBI1*11+
versus HLA-DRB1*11— patients during R6 (i.e., 1-month
post-primary vaccinations) (Fig. 2b). The difference in the
levels of IFN-y immunity was also profound in patients
co-expressing HLA-DRB1*11 plus HLA-A*24 versus
those being negative for both alleles, reaching levels close
to statistical significance during LTB (Fig. 2c). There was
statistically no significant increased preexistent IFN immu-
nity to AE36, in groups of patients carrying the above HLA
alleles, which may be indicative for “boosted” endogenous
immunity.

In addition, interaction between treatment and HLA-
DRB1*11 expression seemed to correlate with the intensity
of DTH reactions, given the trends for increased responses
observed among patients expressing HLA-DRB1*11 or co-
expressing HLA-DRB1*11 plus HLA-A*24 (in both cases
at R6; Fig. 2e, f, respectively).

We next estimated the proportions of patients in each
HLA group according to (1) their preexisting endogenous
IFN-y immunity to AE36 which was measured before vac-
cinations at RO and (2) their induced IFN-y immunity after

1127
C HLA-DRB1*11/HLA-A*24 D Total population
100- 1004—1
_‘_LI_A_IN_L ii“—l-lll—L‘
L
= 75 = 75
2 2
2 2
=] =3
2 50 ; 50 [
5 5
o o
> >
o ]
® 25{ p=0.0570 ® 259
25 50 75 100 125 150 175 25 50 75 100 125 150 175

follow up (months from diagnosis) follow up (months from diagnosis)

come. Kaplan—Meier plots comparing the overall survival of a HLA-
A*24, b HLA-DRB1*11, and ¢ HLA-DRB1*11/HLA-A*24 groups
of patients and d total population with clinical outcome from disease
diagnosis

AE37 injections, at LTB, (including all six inoculations
during primary vaccinations and the single booster). As a
cutoff, we considered the 17 specific spots/lO6 PBMCs,
which was the median IFN-y immunity at RO for the 23
patients who received the AE37 booster, as determined by
Perez et al. [20-22]. Patients bearing either the HLA-A*24
or HLA-DRB1*11/HLA-A*24 alleles experienced statis-
tically increased preexistent IFN-y immunity to AE36 vs
patients lacking these alleles (Fig. 2g) which was further
enhanced at LTB (Fig. 2h). We could, however, emphasize
that this result should not associate a link between preexist-
ent immunity and outcome of vaccine-induced immunity,
as HLA-DRB1*114 patients developed strong AE36-spe-
cific IFN-y immune responses only during vaccinations
(Fig. 2h vs. g). We also made estimations for the propor-
tions of patients who responded with increased DTH reac-
tions post-primary AE37 vaccinations (R6) as well as post-
booster (LTB). The cutoff for positive DTH responses was
5 mm [20-22]. As depicted in Fig. 2i, the vast majority of
HLA-DRB1#11+4 and of HLA-DRB1*114+/HLA-A*24+
patients developed positive DTH reactions at R6 displaying
highly significant differences compared to the respective
allele-negative patients. DTH responses after AE37 booster
were almost similar in all patients (Fig. 2j).

Levels of preexisting immunity dictate vaccine-induced
immunological responses in vitro and in vivo,
and clinical efficacy

In recent years, accumulating evidence suggests that
hosts’ endogenous immune activation against autologous
tumor is associated with patient survival [24]. In line with
this, we next investigated if and to which extent preexist-
ing IFN-y immunity dictates the magnitude of in vitro as
well as in vivo AE37-induced immunological responses
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Fig. 2 Patients’ preexisting and AE37-induced in vitro and in vivo
immunity in patients expressing (4) (open circles) or not express-
ing (—) (filled circles) the indicated HLA alleles (IFN-y ELISPOT
and DTH results are presented, respectively, in a and d for HLA-
A*24, b and e for HLA-DRB1*11 and c and f for both allele expres-
sion, HLA-DRB1*11/HLA-A*24). RO: preexisting immunological

in patients expressing HLA-DRB1*11, HLA-A*24, or
both alleles. We considered patients with preexisting or
no preexisting immunity those with values above/equal vs
below the median IFN-y value, respectively, which was
determined by Perez et al. [21] (shown in Fig. 3a, e and i
for each group). The group of HLA-A*24+ patients, who
had preexisting IFN-y immunity to AE36, exhibited higher
vaccine-induced median IFN-y responses (which almost
reached significance at LT) over those with no preexisting
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responses; R6, LT, LTB: vaccine-induced immunity; see also “Materi-
als and Methods”. Horizontal lines, median responses. g—j immune
profile of patients; percentage of patients with preexisting or AE37-
induced immunity above or below the respective median values (17
specific spots/10° PBMCs for IFN-y immunity and 5 mm for DTH
reactions)

IFN-y immunity (Fig. 3b). Patients with IFN-y preexist-
ing immunity also developed higher DTH reactions with
strong trend to significance at LT (Fig. 3c). A similar cor-
relation was also observed between preexisting and vac-
cine-induced immunity among HLA-DRB1*11+ patients:
preexisting IFN-y immunity to AE36 could be boosted and
maintained during vaccinations (reaching significance at
R6 and LT) (Fig. 3f) and was also correlated with signifi-
cantly higher DTH reactions measured during LT (Fig. 3g).
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Fig. 3 Preexisting immunity predicts the magnitude of AE37 vac-
cine-induced specific T-cell responses and clinical efficacy. Patients
were analyzed based on the expression of the indicated HLA alleles.
In (a), (e), and (i), filled and open circles indicate patients with pre-
existing immunity above and below median responses, respec-

This positive correlation between increased preexisting
IFN-y immunity to AE36 with vaccine-augmented IFN-y
and DTH responses was less pronounced when examined
in patients co-expressing these two alleles (Fig. 3j, k).
There was also a trend for increased OS in HLA-
A*244 (Fig. 3d) and HLA-DRBI1*11+ (Fig. 3h)

tively. Vaccine-induced immunity at the indicated time points for
these groups of patients is shown in (b, ¢), (f, g), and (j, k). Clini-
cal responses for the same groups (weak lines, patients with preexist-
ing immunity; bold lines, patients with no preexisting immunity) are
shown in (d), (h) and (1)

patients having preexisting INF-y immunity to the AE36
peptide estimated from first diagnosis with 95 and 90 %
reduction in the relative risk for death (RRRD). No
difference could be found among patients co-express-
ing both alleles, since no disease-related deaths were
observed for this group.
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Preexisting TGF-f levels regulate vaccine-induced
immunity in vitro and in vivo and clinical efficacy

We have also categorized our patients in two groups, based
on their preexisting TGF-f plasma levels at RO (i.e., pre-vac-
cination) as determined by Perez et al. [21]: those with val-
ues above/equal or below median (9.87 ng/ml; high or low

TGEF-f producers, respectively) (Fig. 4a, e and i). As shown
in Fig. 4b, among HLA-A*24+ patients, low TGF-B pro-
ducers had increased vaccine-induced frequencies of IFN-y-
producing T cells against the native AE36 peptide compared
with high TGF-8 producers, reaching levels almost close to
significance at LT. Low TGF-g producers also developed
robust DTH reactions reaching nearly significant differences

HLA-A*24+ patients

& 30071 5=0.2061 p=0.0571 p=02381 1007 p=01075 p=00531  p=0.0%63 100
. 40+
301 (e} o
O [e]
25 = © € o o T 751
_ D 0o ) £ 307 o g
E 8_‘9 c 3
E)zo. k) g © T 3 <} o 2
= . w s o = E e © . 3 504
@ >3 0T 20 © =
& 15 z & g —— — ° g
= . L 0 1009 ~ 2 ° O
= o
10 e 8 [eN °© £ © R 254
0g® g o . ° 10 o * p=0.1859
o <L ——— — — ° o
51 .0 . o S _
— ——
oo ap h o © oo O —ee O . [} T T T T T T )
ot— T T T - T T T T T T T T
o o o T8 P T 7B 0 25 50 75 100 125 150 175
follow up (months from diagnosis)
% .
HLA-DRB1*11+ patients
%1 001 p=00637 p=02788  p=03621 0 pR0ATE2 pe0.0374 - pR00115 100+
. 40
304 250 o o
] o
2] = & o € ° T 75
e . 0O 200 ] g 30 o ° =
E S c o %
S 2 22 | o 8 o )
£ . w gy 150 o = E e © o (] = 50
[ > 9 0T 20 —_ © ©
L 154 o . =4 [0)
o Z o S o o o >
= Py L o 1001 N =3 - . 3
= o
104 @ Q o £ o °
o @ —_— @ t . . > 254
068 &l 9 S e T cm o * . p=0.1138
5 [e} : [s] ° *
o0 _:'_ ° ¢ @ * o
0+—- o Ld «® O o >0 o (X] v T T T T T T 1
RO "R6 T LTB' "R6 | T LTB” 0 25 50 75 100 125 150 175
follow up (months from diagnosis)
* * H
HLA-DRB1*11+/A*24+ patients
354 300 p=0.2143 p=0.3214 p=0.3214 1231 p=0.3214 p=0.1572 p=0.2143 100
40-
304 o o
[©] o
2] z ° € ° T 75
. 0 2004 ° £ 304 o =
£ Qe £ ° =
S 2] 22 °© rd ° — o
£ . w g [} = E . ) . = 50
2 154 Z> % 0F 2 - ° g
o o
9 ° L © 1004 §’ J— % 5
10 3 O_ oy ° £ ° R 25
008 3 o . S 104 o * ©
, g L o o} o . 7 o p=1.0000
= .
o i B —o e o e
RO R6 T L8 R6 T L8 0 25 5 75 100 125 150 175

RO TGF-B < median

Fig. 4 Preexisting plasma levels of TGF-§ predict the magnitude of
AE37 vaccine-induced specific T-cell responses and clinical efficacy.
See also legend to Fig. 3. Correlation between preexisting TGF-B
levels and vaccine-induced immunity. a HLA-A*24+4, e HLA-
DRB1*¥11+4, and i HLA-DRB1*114-/A*244 patients with increased
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follow up (months from diagnosis)
— RO TGF-B > median

preexisting (filled circles) and low preexisting TGF-B levels (open cir-
cles). Levels of IFN-y immunity (b, f, j) and DTH reactions ¢, g, k at
the indicated time points for HLA-A*24, HLA- DRB1*11, and HLA-
DRBI1*11+/A*24+ patients, respectively. Correlation of TGF-f lev-
els with OS for each group of patients from diagnosis (d, h, I)
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at LT and LTB compared to high TGF-g producers (Fig. 4c).
This inverse correlation was also observed when analyzing
pre-vaccination TGF-8 levels vs vaccine-induced immunity
in HLA-DRB1*11+ patients: there was a strong trend for
higher IFN-y in the group of low TGF-B producers vs the
high TGF-8 producers at R6 (Fig. 4f), whereas the differ-
ences in DTH reactions among both groups became signifi-
cant at LT and LTB (Fig. 4g). When patients were analyzed
based on co-expression of HLA-DRB1*11 plus HLA-A*24,
analogous immune profiles were observed (Fig. 4j, k). HLA-
A*244- and HLA-DRB1*114--vaccinated patients with low
levels of preexisting plasma TGF-B had RRRD of 16 and
33 %, respectively (Fig. 4d, h). There was no difference in
OS among patients co-expressing both alleles (Fig. 41).

Assessment of suppressor circuits

The association between the above HLA molecules, with
preexisting immunity, and immunological responses to vac-
cination with AE37 was paralleled with decreased suppres-
sor elements, including circulating Tregs, plasma TGF-f,
and IDO activity. Analyses made in HLA-A*244- patients
revealed significantly lower numbers of Tregs measured at
R6 as compared to HLA-A*24— individuals (Fig. 5a), and
trends for decreased Tregs at LTB (Fig. 5a), for TGF-f at
RO (Fig. 5b), and for IDO activity at R6 (Fig. 5¢).

Almost equal levels for these suppressor elements could
be detected in HLA-DRB1*114- versus HLA-DRB1*11—
patients at RO and throughout vaccinations (Fig. 5d—f).

Finally, HLA-DRBI1*11/HLA-A*24 expression was
associated with trends of reduced Tregs (Fig. 5g) and
TGF-B (Fig. 5h) at pre-vaccination and statistically signifi-
cant decreases for Tregs at R6 (Fig. 5g), but with no differ-
ences in the levels of IDO activity (Fig. 5i).

The preexisting suppressor profile of groups analyzed
above is shown in Fig. 5j—1. The proportion of patients with
Treg frequencies above the cutoff median value of 5.53 %,
as determined by Perez et al. [21, 22], was significantly
lower among single (HLA-A*24 or HLA-DRBI1*11) or
double (HLA-DRBI1*11 plus HLA-A*24) allele carriers
versus those not expressing the respective allele(s) (Fig. 5j).
Similarly, the same HLA allele carriers expressed signifi-
cantly lower TGF-f levels (cutoff median value for TGF-f:
9.87 ng/ml [21, 22]) (Fig. 5k). The percentages of patients
with IDO activity levels below the median Kyn/Trp cutoff
ratio of 42.15 [21, 22] were significantly higher in patients
expressing HLA-A*24 or both alleles (Fig. 51).

Discussion

As strategies are being currently pursued for the establish-
ment of immune-based cancer therapies, identification of

host genetic factors related to the generation of protective
antitumor immune responses is fundamental for under-
standing mechanisms underlying cancer-induced immu-
nity and rational vaccine development. HLA alleles act
as genetic restriction elements regulating T cell activation
upon presentation of tumor peptide by professional APCs.
Hence, the efficacy of a peptide-based therapeutic cancer
vaccine may depend not only on its antigenicity per se,
but also on the type of the restricting HLA allele, which
determines the avidity of the trimolecular complex, consist-
ing of HLA-peptide-TCR [25]. Such restrictions may limit
the ability of an individual antigen to function as a T cell
immunogen in the context of different HLA allele restric-
tion elements. HLA molecules on the surface of host APCs
present peptides from endogenous proteins or from exog-
enous processed antigens to CD84- and CD4+ T lympho-
cytes [25]. Therefore, it is logical to postulate that individu-
als expressing different HLA class antigens may respond
differently to tumor proteins or polypeptide vaccines com-
posed of various immunogenic epitopes. Consequently, the
evidence that subgroups of patients expressing certain HLA
molecules have delayed tumor relapse might be explained
by an immunological control.

In this study, we have retrospectively monitored our
phase I AE37 vaccine trial through an assessment of
HLA association with respect to both, immune and clini-
cal responses to treatment. We have shown that both
clinical and immunological responses to vaccination are
more likely to be found among patients expressing HLA-
DRB1*11 and/or HLA-A*24. By analyzing these groups
of patients, we detected a frequent (and in some instances
significant) vaccine-induced IFN-y and DTH immunity in
patients with preexisting IFN-y immunity to AE36, which
was correlated with clinical benefit. In contrast, preexist-
ing TGF-B levels in the same patients were inversely cor-
related with vaccine-induced immunological responses
both in vitro and in vivo as well as with clinical outcome.
The AE37 vaccine represents an li-key modification of the
immunogenic epitope of HER-2(776-790) (AE36) which,
in this hybrid form, can be recognized in an accelerated
and improved fashion by CD44 T cells and also shows
highly promiscuous binding to a series of MHC class II
alleles with various affinities, as tested in binding and func-
tional assays [26-28]. Moreover, according to prediction
algorithms (SYFPEITHI, www.uni-tuebingen.de/uni/kxi/
database.html; [7]), AE36 encompasses binding motifs for
several MHC class I molecules, thus triggering not only
CD4+ but also CD8+ T cells of different HLA restric-
tion. To this end, we could recently demonstrate in our
vaccinated prostate cancer patients increased percentages
of both CD44 and CD8+ T cells producing IFN-y upon
in vitro sensitization with AE36 [21, 22]. Thus, although
the two alleles, HLA-A*24 and HLA-DRB1*11, defined
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Fig. 5 Association of HLA with pre- and post-vaccination levels of
suppressor elements. Levels of Tregs, TGF-B, and IDO activity were
assessed in the indicated groups of patients and are shown in a—i (see
also legends to previous Figs.). Suppressor profile is shown in j-I, as
percentage of patients expressing the indicated suppressor elements
above or below their respective median values at RO. Assessment of
suppressive circuits. Circulating Tregs (a, d, g), TGF-f plasma lev-
els (b, e, h) and IDO activity as the kynurenine-to-tryptophan ratio
(Kyn/Trp*1000) (c, f, i) determined at the indicated time points for
all groups of patients. Proportions of patients of each group according
to pre-vaccination Treg frequency (j), TGF-§ plasma levels (k), and
IDO activity (1)

herein correlate with both preexisting and vaccine-induced
immunologic responses to AE36, they might be only a part
of the total number of HLA alleles which regulate these
types of immunity. In line with this, we have found, among
our responders, patients who did not express either of these
alleles (Table 1). In addition, since CTL responses to exog-
enous antigens are induced through cross-presentation by
professional APC, another factor that may contribute to
the selection of candidate responder MHC class I alleles,
besides binding motifs, is the particular efficiency of cross-
presentation of relevant CTL epitopes, in the context of the
appropriate HLA class I allele [29].

In cancer, there are only some sporadic reports to dem-
onstrate an HLA association with induction of immunity
to vaccination. Vaccinating melanoma patients with mela-
cin revealed an association between antitumor efficacy
and host expression of two or three of the following class
I antigens: HLA-A2, HLA-A28, HLA-B44, HLA-B45, and
HLA-Cw3, with HLA phenotypes A2 and Cw3 showing
the strongest association with clinical response [14]. Hoon
et al. [30] reported a benefit for whole-cell vaccine treat-
ment in HLA-A25-positive patients, as well as a favorable
outcome of patients whose HLA expression matched the
HLA phenotype expressed by the three melanoma cells
lines that composed the vaccine (i.e., HLA-A3/11 and
HLA-B7/44). Recombinant tumor antigens including sev-
eral cancer testis antigens (e.g., MAGE-A3) but also differ-
entiated and overexpressed antigens (HER-2) are presently
among the most promising candidate cancer vaccines under
evaluation [31-33]. However, the HLA class I restriction
of total CTL responses induced by these vaccines have not
been assessed systematically in most cases. Compelling
evidence for the role of HLA alleles in regulating vaccine-
induced immunological responses was provided by Bioley
et al. [34], who demonstrated that cancer patients receiv-
ing injections with NY-ESO-1 developed CTL responses if
they were expressing Cw3 or B35 alleles.

Our study results underscore the importance of type
I adaptive immune response development as a positive
prognostic factor. Type I CD4+ T cells release IFN-y and
support both the induction and effector phases of antigen-
specific CD8+ T cells [35, 36] which are directly linked to

tumor cell death [29]. One of the most common methods
to assess type I adaptive immunity is the measurement of
tumor-specific immune responses by IFN-y ELISPOT and
DTH [37]. Several recent studies, in a number of tumor
types, have reported an association with immune responses
measured by IFN-y ELISPOT or DTH and improved clini-
cal outcome after immune modulation [37]. Recently, we
have demonstrated a trend in OS benefit for patients who
had developed positive IFN-y ELISPOT and DTH during
vaccinations with AE37 [21, 22]. A similar trend was noted
in patients who had preexisting IFN-y ELISPOT responses.
In the same reports, we have demonstrated an inverse cor-
relation between preexisting TGF-p levels throughout and
post-primary vaccinations as well as post-booster with vac-
cine-induced IFN-y immunity, DTH reactions, and clini-
cal outcome. Although these observations were made in
total vaccinated patient population [22], in this report we
show that these findings are more profound when retrieved
from patients expressing HLA-DRB1*11 or HLA-A*24 or
both alleles, further supporting the role of these alleles as
restricting elements for vaccine-induced adaptive immu-
nity to the endogenous AE36 peptide followed by clini-
cal improvements. Furthermore, we have shown that these
patients had preexisting IFN-y immunity, implying similar
HLA restrictions also for endogenous responses to AE36.
However, no matter what the type of the HLA allele was,
patients with increased preexistent TGF-p plasma levels
had less vaccine-induced immunity and worse OS. This
implies that less suppressed preexisting immunity in com-
bination with previous (i.e., before vaccinations) standard
therapies may effectively synergize with vaccine-induced
immunity for clinical benefit. The results presented herein
suggest a possible prognostic role of these HLA alleles for
disease outcome in conjunction with standard treatments
after diagnosis and vaccinations. The same also applies
for preexisting increased IFN-y immunity along with low
TGF-B levels in HLA-A*24 and/or HLA-DRB1*11 carri-
ers, whose combination could be considered as prognos-
tic biomarker for increased OS. Our data are also sugges-
tive for a predictive role of both HLA alleles as well as of
IFN-y and TGF-B for immunological responses to vaccina-
tion and clinical outcome [38].

Our study should only be considered at best hypoth-
esis generating, as it is limited by the number of patients
analyzed. Despite this limitation, can we hypothesize
that the biomarkers identified herein may have prognos-
tic significance in early-stage prostate cancer patients
by slowing down their growth rates and thus delaying
disease progression. Furthermore, will these biomark-
ers have any utility at later stages of disease when tumor
biology may have been altered through the process of
immunoediting? How, then, preexistent immunity will
be able to deal with a tumor having different immune
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phenotype and oncogenic signalling pathways? Appar-
ently, in such a case, the endogenous antitumor immunity
will be too weak to perform sufficiently against tumor
and will require exogenous support via immunotherapeu-
tic modalities. Therapeutic vaccines are useful tools for
reinstating the endogenous antitumor response by enhanc-
ing its effector functions. Consequently, quantitative and
qualitative determinations of preexisting endogenous anti-
tumor immunological responses during and post-immune
system-oriented treatments may serve as biomarkers or
surrogate endpoints for clinical responses. Therefore, the
vaccines should have a powerful capacity to activate the
immune system, for instance, by being polyvalent capa-
ble of stimulating a plethora of helper and/or cytotoxic
T cell clones. Such multivalent vaccines, comprising of
a variety of determinants representing immunogenic T
cell epitopes, have been described in literature [39]. The
AE37 vaccine is polyvalent since, according to predic-
tion algorithms (SYFPEITHI), it encompasses MHC class
I-binding motifs, which renders it suitable for directly
triggering, CD4+ as well as CD8+ T cells [20]. Indeed,
during primary vaccinations, we could demonstrate
increased percentages of both CD44 and CD8+ T cells
producing IFN-y upon in vitro sensitization with AE36.
Another most representative example of a polyvalent vac-
cine is Provenge, an autologous cellular vaccine, the first
to receive an FDA approval for metastatic castrate-resist-
ant prostate cancer [40]. Recombinant virus-based as well
as plasmid DNA-based vaccines are also polyvalent and
have shown promising results in the field of active immu-
notherapy of cancer [41, 42]. Finally, we also demon-
strate that the genetic background of patients determines,
to a certain extent, their response status since HLA-
DRB1*11+ and HLA-A*24+ patients had pre-existent
immunity and rigorously responded to the vaccine both
immunologically and clinically. To this end, however, we
cannot exclude the possibility that additional HLA alleles
may contribute to this as well, given the fact that poly-
valent vaccines cover a broad range of HLA alleles func-
tioning as restricting elements.

To conclude, HLA-A*24 and/or HLA-DRB1*11 geno-
type carriers respond better to the AE37 vaccine, both
immunologically and clinically. However, these alleles
may not yet be considered as favorable factors. The dis-
tribution of HLA antigens, also including HLA-A*24 and
HLA-DRBI1*#11, differs worldwide as a result of popula-
tions migration and environmental selection. HLA-A*24
and HLA-DRBI1*11 are among the predominating alleles
in southern Europe (http://www.allelefrequencies.net/#).
According to the National Tissue Typing Center in Greece,
29 % of individuals express HLA-A*24 and 39 % HLA-
DRBI1*11. These percentages are far below compared with
those detected among our vaccinated patients. Thus, it
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would be quite interesting to explore in future studies the
association of HLA-A*24 and HLA-DRBI1*11 in a larger
cohort of prostate cancer patients and their association with
prognosis and survival after AE37 vaccinations.

Taking all the aforementioned into consideration, our
studies underscore the importance of HLA-A*24 and HLA-
DRBI1*11 as positive prognosticators for immunological
and clinical responses to AE37 vaccination. Our findings,
relating elevated preexisting IFN-y immunity to decreased
TGF-B plasma levels and increased vaccine-induced immu-
nity with prolonged survival, suggest that less suppressed
endogenous immunity can be positively modulated by
vaccinations. Additionally, the situation described in the
periphery proposes that the vaccine supports the evolu-
tion of endogenous immunity within the tumor microen-
vironment. Given that all retrospective analyses, described
above, were based on a relative small sample of vaccinated
patients, the findings are hypothesis-generating only and a
phase II trial is warranted for applying the identified bio-
markers for validation.
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