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The long-term immune response after HPV16 peptide vaccination
in women with low-grade pre-malignant disorders of the uterine
cervix: a placebo-controlled phase II study
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Abstract The capacity of a low-dose HPV16 synthetic
long-peptide vaccine (HPV16-SLP) to induce an HPV16-
specific T-cell response as well as to establish long-term
immunologic memory in patients with low-grade abnormali-
ties of the cervix was determined in a placebo-controlled,
double-blinded phase II study. In addition, the effect of a
booster vaccination after 1 year was evaluated. Patients
received either the HPV16-SLP or a placebo at the start of
the study. After 1 year, the vaccinated patients were again
randomized to receive the HPV16-SLP or a placebo. Patients
were followed for 2 years. HPV16-specific T-cell responses
were determined in pre- and post-vaccination blood samples
by ELISPOT, proliferation assay and cytokine assays. We
show that the HPV16-specific T-cell responses detected after
vaccination are clearly due to vaccination and that reactivity
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was maintained for at least 2 years. Interestingly, a booster
vaccination after 1 year especially augmented the HPV16-
specific Th2 response. Furthermore, pre-existing immunity
to HPV 16 was associated with a stronger response to vacci-
nation and with more side effects, reflected by flu-like symp-
toms. We conclude that two low-dose injections of HPV16-
SLP can induce a strong and stable HPV16-specific T-cell
response that lasts for at least 1 year. If booster vaccination is
required, then polarizing adjuvant should be added to main-
tain the Th1 focus of the vaccine-induced T-cell response.
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Introduction

The development of (pre)cancers of the anogenital tract is
associated with persisting human papillomavirus (HPV)
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infections [1]. The risk of progression of squamous intraep-
ithelial lesions (SIL) is related to the severity of dysplasia.
Up to 40 % of low-grade cervical squamous intraepithelial
lesions (LSIL) will not spontaneously regress [2]. Small
lesions can easily be treated by loop electrosurgical exci-
sion procedure (LEEP), yet LEEP of larger lesions can
leave positive margins causing lesion recurrence requiring
repeated surgery [3]. For the group of patients with a child
wish, this can pose a problem due to distortion of the cervix
and pre-term delivery [4].

Vaccines have been developed to prevent persistent
infection with HPV but these prophylactic vaccines are
not effective in patients already infected with HPV16 or
HPV18 [5]. Virus-specific, interferon-y (IFNvy)-producing
CD4+ T helper (Th) cells and CD8+ cytotoxic T lym-
phocytes (CTL) are essential components in controlling
chronic viral infections [6, 7].

Healthy donors display relatively robust proliferative
T-cell responses against the viral early proteins E2, E6
and E7, characterized by Th cells that produce IFNy and
IL-5 [8-10]. In addition, the majority of subjects who clear
HPV16 display HPV16 E6-specific CTL responses [11,
12]. These findings suggest that successful defense against
HPV16 infection is associated with a systemic HPV-spe-
cific T-cell response. Therapeutic vaccination can be clini-
cally effective in patients with histologically confirmed
HPV16+ vulvar epithelial neoplasia grade 3 (VIN3).
Complete regression of lesions was seen after vaccination
with a protein vaccine [13] or an HPV16 E6/E7 synthetic
long-peptide vaccine (HPV16-SLP) [14]. Clinical success
correlated with the induction of strong and broad HPV16-
specific Th responses and HPV16-specific CD8+ T-cell
activity [13—15]. In patients with high-grade cervical squa-
mous intraepithelial lesions (HSIL), immunization with
300 pg per peptide of the HPV16-SLP vaccine-induced
robust immune responses [16].

In addition to women with high-grade lesions,
also women with persistent low-grade lesions may be
treated by therapeutic vaccination. As low-grade cer-
vical lesions are not considered a severe disorder, we
decided to immunize such individuals with the lowest
dose (50 png/peptide) previously shown to be immuno-
genic in patients with cervical cancer [17]. To this end,
patients with LSIL or persistent mild cytological cervi-
cal abnormalities received either placebo or were vacci-
nated twice. The group of vaccinated patients was then
randomized to receive a placebo or a booster vaccina-
tion after 1 year. All patients were followed for 2 years
and their HPV-specific immune response was tested at
several time points during the study. The aim of this
phase II study was threefold. (1) To study the capac-
ity of a low-dose vaccine to induce HPV16-specific
T-cell responses in patients with LSIL or persistent mild
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cytological cervical abnormalities, (2) to evaluate the
long-term memory response after vaccination and (3)
to study the effect of revaccination after 1 year on the
HPV16-specific T-cell response.

Patients and methods
Patients

In this placebo-controlled, double-blinded study, 50
patients with histological evidence of LSIL or persistent
mild cytological cervical abnormalities were included
from the out-patient departments of the Leiden University
Medical Center (Leiden, the Netherlands), the Haga Teach-
ing Hospital (the Hague, the Netherlands) and the Medi-
cal Centrum Haaglanden (the Hague, the Netherlands).
Patients were included between May 2007 until March
2010 after oral and written informed consent. Eligibil-
ity required pre-treatment laboratory findings of leuko-
cytes >3 x 10%/L, lymphocytes >1 x 10%/L, thrombocytes
>100 x 10%/L and hematocrit >30 % and no radiotherapy,
chemotherapy or other potentially immunosuppressive
therapy administered within 4 weeks prior to the immu-
notherapy. The study was approved by the Dutch Central
Committee on Human Research (CCMO, https://toetsingo
nline.ccmo.nl/ccmo_search.nsf/dossier number NL14057
000 06) and the medical Ethical Committee of the Leiden
University Medical Center and the Haga teaching Hospital.
Monitoring for adverse events and injection-site reactions,
clinical assessments and laboratory tests were performed
as described previously [17]. Data were gathered on previ-
ous HPV-related disease [PHD, defined as surgical or topi-
cal treatment of SIL of the cervix or vulvar intraepithelial
neoplasia (VIN)], atopic constitution and smoking habits.
Adverse events were classified according to the Common
Terminology Criteria for Adverse Events (CTCAE) ver-
sion 3.0. The flu-like syndrome was defined as having two
or more of the following complaints: fever, chills, head-
ache, malaise, fatigue, myalgia, nausea, anorexia, vomiting
or diarrhea after vaccination. In most patients, the symp-
toms subsided within 72 h, any symptoms persisting longer
than 72 h or starting 72 h after vaccination were scored
separately.

Vaccine and vaccination scheme

The HPV16-synthetic long-peptide vaccine (HPV16-SLP)
used in this study consists of two separate drug products,
together representing the entire sequence of the E6 and E7
oncoproteins of HPV16. The clinical grade peptides (9 E6
and 4 E7 peptides of 25-35 amino acids long with an over-
lap of 10-14 amino acids) were synthesized, vialed and
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Fig. 1 Vaccination scheme and patient flow-chart. To the left is the
time line. The stars (asterisk) indicated the time points at which
blood was drawn. In group 1 (n = 41), one patient never turned up
for vaccination and three patients received only one HPV16-SLP vac-
cination (one due to an exacerbation of systemic lupus erythemato-
sus after first vaccination, one was lost to follow-up and one stopped
due to local side effects). The remaining 37 patients received two
HPV16-SLP vaccinations. In group 2, one patient never turned up for
vaccination and one did not receive the second vaccination due to a
study stop. After 1 year (T = 1 year), within group 1, a second ran-
domization took place. In group 1A (n = 20; HPV16-SLP booster),

formulated at the GMP facility of the department of Clini-
cal Pharmacy and Toxicology of the LUMC as described
previously [14-18]. Peptides were dissolved in dimethyl
sulfoxide (DMSO) and admixed with 20 mM phosphate
buffer (pH 7.5) and Montanide ISA-51 (final volume ratio
20/30/50, respectively), and patients received the vaccine
at a dose of 50 pg/peptide. This dose has previously been
shown to induce HPV16-specific immunity in end-stage
cervical cancer patients [17].

Patients were assigned to one of the two treatment
groups (block size 5). Randomization was blinded for
patients and the immunomonitoring laboratory. Four out of
five patients, in total 40, were randomized to receive two
sequential HPV16-SLP vaccinations at a 3-week interval
(50 pg/peptide), T = 0 week and T = 3 weeks (Group 1,

13 patients were eventually re-vaccinated (drop-outs: one due to the
study stop, three due to local adverse events, one due to an active
pregnancy wish). Five patients that were randomized to group 1A
did not receive the booster vaccination with HPV16-SLP, yet did give
blood at T =1 year and T = 2 years. These patients formed group 1C
and were analyzed together with group 1B at 7 = 2 year. In group
1B (n = 20; PBS-placebo booster), 16 patients eventually received
the placebo (drop-outs: three due to the study stop). In group 2, there
were two drop-outs due to the study stop, leaving seven patients who
were eventually re-vaccinated with PBS-placebo and five patients
could be followed up to 2 years (7' = 2 years)

Fig. 1). They received a mix of nine synthetic long HPV16
E6 peptides in the left arm or thigh and four synthetic long
HPV16 E7 peptides in the right arm or thigh. Ten (one out
of five) patients were randomized to receive phosphate-
buffered saline (PBS) in both arms or thighs in the same
regime (Group 2). After 1 year (T = 1 year), a second
randomization took place. Half the patients from group 1
were randomized to receive a booster vaccination of 50 pg
peptide of the HPV16-SLP (group 1A) and the other half
was randomized to receive PBS (group 1B). Patients in
group 2 received PBS throughout the study. All vaccina-
tions were performed in the LUMC. Patients stayed at the
ward for 1-2 h after vaccination during which any experi-
enced local and/or systemic adverse events were recorded.
Patients recorded any adverse events experienced in the
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weeks between and after vaccinations in a diary or were
asked to report any adverse events. Venous blood (70 ml)
for immune monitoring was drawn at five time points;
before (T = 0 week), 7 weeks (T = 7 weeks) and 1 year
(T = 1 year) after first vaccination, 3 weeks after booster
vaccination (T = 1 year + 3 weeks) and finally 2 years
after first vaccination (7' = 2 years; Fig. 1). An extra Pap
smear was taken before vaccination and at 1 and 2 years
after vaccination for histology and HPV typing.

HPV-specific T-cell immunity monitoring

In acknowledgment of the minimal information about T-cell
assays (MIATAproject.org) detailed information about the
sample, the assay, the data acquisition, the data analysis
and the laboratory environment is provided [19, 20]. The
peripheral blood mononuclear cells (PBMCs) were isolated
by Ficoll (prepared by LUMC pharmacy) gradient centrifu-
gation within 4 h after blood was drawn (70 mL in 9 mL
heparine tubes, kept at room temperature). The median
PBMC numbers obtained were 56 million and ~10 mil-
lion cells were used directly in the lymphocyte stimulation
test (LST) to test for HPV16 specificity. The proliferative
response accompanying cytokines were measured by the
cytometric bead array (CBA). The remaining cells were
cryopreserved (~5-10 million/vial) in 90 % fetal bovine
serum and 10 % DMSO in 1 mL cryovials (Greiner) using
a controlled freezing apparatus and immediately stored
in the vapor phase of the liquid nitrogen vessel until used
(median pre-sample 24 months, post-samples 5 months).
Thawed PBMCs were subjected to the IFN-y-Elispot and
geared to determine Th type 1 (Th1) responses. The median
cell recovery post-thaw was 73.6 % with a median viabil-
ity of 76.8 %. Cell counts and viability was obtained using
trypan blue (0.4 %, Sigma) staining and counting using the
hemocytometer. In this set of complementary T-cell immu-
nomonitoring assays (LST and IFN-y-Elispot), six pools
of 22 amino acid long peptides overlapping by 12 amino
acids were used. All tests have previously been described,
and positive responses have been pre-defined [21]. For all
T-cell assays, a vaccine-induced response was defined as
at least a threefold increase in the response after vaccina-
tion when compared with the results before vaccination
(T = 0 week). Similarly, a booster vaccination-enhanced
response was defined as an at least threefold increase in the
immune response after the booster vaccination compared
with the HPV-specific immune response before booster
vaccination. The T-cell assays were performed in the lab-
oratory of the Department of Clinical Oncology (LUMC,
Leiden) that operates under exploratory research condi-
tions following standard operating procedure (SOPs) and
using trained staff. This laboratory has participated in all
proficiency panels of the CIMT Immunoguiding Program
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(http://www.cimt.eu/workgroups/cip/) as well as in IFNy-
Elispot panels of the Cancer Immunotherapy Consortium
(http://www.cancerresearch.org/cic), which both aim to
harmonize the assays used for T-cell monitoring and the
reporting thereof.

For each different type of immune assay, the strength of
the immune response was defined as the median-specific
spot count (ELISPOT), stimulation index (LST) or amount
of cytokine production (CBA) obtained for all six differ-
ent peptide pools of all patients in one group. Raw data
was stored for verification. Comparisons of the strength of
the different types of immune responses at different time
points within one group of patients were made by the non-
parametric Wilcoxon matched-pairs signed rank test and
between groups by the nonparametric Mann—Whitney test
using GraphPad InStat Software. For the comparison of
the immune responses and patients characteristics, patients
were divided into two groups based on the presence or
absence of HPV-specific immune response and calcu-
lated using the Statistical Package for the Social Sciences
(SPSS) software package 17 . All reported P values are
two-sided and have not been adjusted for multiple compari-
sons. P < 0.05 was considered significant.

HPYV testing

DNA was isolated from cervical smears or formalin-
fixed, paraffin-embedded biopsy samples as previously
described [22]. Beta-globin polymerase chain reac-
tion (PCR) was performed using primers RS40 and
RS42 http://www.sciencedirect.com/science/article/pii/
S0165460807001227—bib21 to determine whether the iso-
lated DNA was suitable for amplification. The DNA was
subjected to a short PCR fragment assay using the SPF,
primer set, according to the manufacturer’s instructions
(Innogenetics, Ghent, Belgium). Each experiment was per-
formed with separate positive and several negative controls.
The presence of HPV was established using a microtiter
plate-based hybridization assay, and SPF,,-PCR products
from HPV DNA-positive cases were directly genotyped
using a reverse hybridization line probe assay (Inno-LiPa
HPV Genotyping Extra; Innogenetics). With this assay,
28 individual HPV genotypes can be identified simultane-
ously: HPV 6, 11, 16, 18, 26, 31, 33, 35, 39, 40, 43, 44, 45,
51, 52, 53, 54, 56, 58, 59, 66, 68, 69, 70, 71, 73, 74 and 82.

Results

Patients and vaccinations

Between May 2007 and March 2010, 99 patients were
screened of whom 51 patients were accrued for the study
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(Fig. 1). The average age was 40 years. 47 % of the patients
had a medical history of PHD (Table 1). The majority
(73 %) of the patients was infected by at least one high-
risk HPV-type (Table 1) and 33 % were infected with
HPV16. Patients were diagnosed with a LSIL at inclusion
or had signs of persistent HPV infection (persistent mild
cytological cervical abnormalities). The 51 patients were
assigned to one of the two treatment groups at the start of
the study (Table 1; Fig. 1). Group 1 was assigned to receive
the HPV16-SLP twice at T = 0 week and at T = 3 weeks
(n =41) and Group 2 was to receive PBS-placebo (n = 10).
The study was temporarily stopped in 2009 and 2010 due
to serious adverse events in one of the other HPV16-SLP
clinical trials. Figure 1 shows the drop-outs at the differ-
ent time points. One year after first vaccination, half of
group 1 should have been re-vaccinated with the HPV16-
SLP (group 1A) and the other half should have received the
PBS-placebo (group 1B; Fig. 1). As vaccination with PBS
is not considered immunogenic, patients in group 1A who
did not receive a booster vaccination at 7 = 1 year were
grouped in group 1C and analyzed together with group 1B
at T = 2 years.

Adverse events

In total, 40 patients received one or more vaccinations
with the HPV16-SLP. Of these, five patients discontin-
ued the study pre-maturely because of adverse events
four because of local adverse events, and one patient
(1001) with a history of systemic lupus erythemato-
sus who developed an acute exacerbation of cutaneous
lupus erythematosus (LE) 3 days after the first vaccina-
tion. Adverse effects did not exceed grade 2 (Table 2).
The most frequent systemic adverse event after vaccina-
tion was the flu-like syndrome (FLS; 26 %). Fifty-four
percent of the patients experienced a second flare of sys-
temic and/or local side effects several days (5-21 days)
after the initial reaction had subsided. In the placebo
group, no side effects exceeded grade 1 (Table 2). After
booster vaccination with the HPV16-SLP, the flu-like
syndrome (23 %) was the most frequently experienced
adverse event, but it did not exceed grade 1 (Group
1A). Almost all patients in group 1 had grade 2 or 3
injection-site reactions in the weeks following vaccina-
tion with swellings beyond 8 cm (Table 2) accompanied
by redness, pain and/or itching. Patients were evalu-
ated for remaining local adverse events at 1 and 2 years
after vaccination. A painless swelling was still palpable
in 41 % of the patients after 1 year and in 48 % after
2 years (56 % in group 1A and 41 % in group 1B). Three
patients developed an ulcer at the site of injection. The
first developed the ulcer (<2 cm) 6 months after first vac-
cination. Wound culture revealed a secondary infection

with Staphylococcus aureus. After 2 years, there was
scarring at the site of injection. Two other ulcers devel-
oped within the second year of the study. Both were ster-
ile ulcers, showing a granulomatous infection as seen in
foreign body reactions. Ulcers took a longtime to resolve
with periods of healing followed by renewed sterile
drainage. In one patient, we were able to do a skin test
that revealed a type IV allergic reaction to the montanide.

HPV-specific memory T-cell responses are detected
at 1 year after vaccination

Blood samples were drawn before vaccination
(T = 0 week), at 7 weeks (T = 7 weeks) and 1 year
(T = 1 year) after the first vaccination for immuno-
monitoring (Fig. 2). Pre-vaccination, 35 % of the
patients in group 1 displayed an HPV16-specific T-cell
response against a median of two peptide pools (out
of 6) as detected by IFNy-Elispot. At T = 7 weeks and
T = 1 year, this response was significantly boosted and
97 % of the patients reacted against a median of five
peptide pools (P value <0.0001; Fig. 2a). In the pla-
cebo group, no HPV16-specific responses were found
at T = 0 week or T = 7 weeks by IFNy-Elispot. At
T = 1 year, two patients in group 2 had developed a
response (against 1 and 4 peptide pools). The prolif-
eration assay (LST) revealed an HPV16-specific T-cell
response in 49 % of the patients in group 1 against a
median of two peptide pools at T = 0. After vaccination,
all patients (100 %) displayed a significantly increased
proliferative response against a median of five pep-
tide pools at 7 = 7 weeks and T = 1 year (P < 0.0001;
Fig. 2a). HPV16-specific cytokine production was also
boosted by vaccination (P < 0.0001; Fig. 2a), albeit that
the levels of cytokines were low in most patients ren-
dering the median level under the cutoff value for all
cytokines except IL-5 (Fig. 2a, dashed lines). Represent-
ative data for the responses measured by these assays are
shown for one patient in Supplemental figure 1. In order
to define which of the peptide pools were responsible for
the HPV16-SLP-induced response in group 1 patients,
the response was analyzed with respect to the individual
peptide pools (Fig. 2b). This showed an HPV16-specific
T-cell response that was detected against all peptide pools
as measured by both IFNy-Elispot and LST, with peptide
pool E6.Two being the most immunogenic, and peptide
pools E6.1 and E7.2 the least. There was no association
between pre-existing HPV16-specific T-cell responses
and various patient characteristics: i.e., HPV16 status at
T =0 (n = 11), PHD, allergic constitution and smoking
(data not shown). There was no difference in response
between patients with or without an active HPV16 infec-
tion in response to the HPV16-SLP.
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Table 2 Safety and toxicity

ID  Systemic toxicity® Local toxicity®
1st 2nd Booster T=7weeks T=1year Booster T =2 years
Grade 1 Grade 2 Grade 1 Grade2 Grade 1 Grade2 Swelling® Pigmentation
Group la 1035 3,4 - 4 1 1 - 3 0 2 0 0
1037 — - - 1 13 - 2 0 1 1 0
1040 — - 3 1,2 1 - 2 1 2 Ulcer 1
1042 11 - - 1,2 - - 2 0 1 0 0
1015 4 - - 3 3 - 1 0 1 0 0
1012 — 1 - - - - 2 1 1 1 1
1008 — 3 2 - 3,7 - 2 1 1 1 1
1005 - - - - 4 - 2 0 1 LTF
1013 — - 14 - - - 2 0 1 0 0
1026 — - - - - - 2 1 0 0 0
1028 — - - - - - 2 1 1 1 0
1033 — - 1 - 1,5 - 2 0 1 0 0
1036 — - - - - - 3 0 1 1 0
1016 7 - - 1 2 2 Ulcer
1029 9 - 1 - 1 Ulcer
1032 9 - 1 - 3 1 1 1
1045 3 - 3 - 2 0
1050 — - - - 2 1 2 1
1049 13 - 2 1
Group 1b 1003 - - - - - - 2 0 LTF LTF
1006 - - - 1,5 1 - 3 1 0 1 0
1007 — - 6 - - 3 0 0 0 0
1009 — - 3 - - - 2 0 0 0 0
1014 - - - - - - 2 0 0 0 0
1018 1 - 1 6,8 - - 2 0 0 1 0
1019 4 - 4 - - - 3 0 0 0 1
1020 9 - - 1 - - 2 1 0 1 1
1021 — - - - - - 1 0 0 0 0
1022 3 - - - - - 2 1 0 UK UK
1024 1,9 - - - - 2 1 0 1 0
1025 — - 9,11 - - - 1 0 0 1 1
1027 1,5,3 - 1 53 4 - 2 0 0 0 0
1034 3,4 - 4 1 - - 2 0 1 0 0
1038 1 - - - - - 2 1 0 1 1
1041 1 - - - - - 1 1 0 0 0
1044 - - - - 1 1 0 0
1046 — - - - 3 0 0 0
1051 3 - 1 2,8 3 1 1
1001 Exacerbation UK
SLE
1048 LTF LTF UK
Group2 1004 - - - - - - 1 0 1 LTF LTF
1010 — - - - - - 0 0 0 0 0
1011 — - - - - - 0 0 0 0 0
1017 — - - - - - 0 0 0 0 0
1023 3 - - - - - 0 0 0 0 0
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Table 2 continued

ID  Systemic toxicity® Local toxicity®
1st 2nd Booster T=7weeks T=1year Booster T =2 years
Grade 1 Grade 2 Grade 1 Grade2 Grade 1 Grade2 Swelling® Pigmentation
1030 — - - - - - 0 0 0 0 0
1031 4 - - - - - 0 0 0 0 0
1043 10 - 10 - 0 0
1047 — - 0

Up to ID 1014, no diaries were handed out to patient
LTF lost to follow-up, UK unknown

4 1 Flu-like syndrome; 2 rash; 3 fatigue; 4 headache; 5 depression; 6 pruritis; 7 hotflushes; 8 hand and foot syndrome; 9 myalgia; 10 anorexia;

11 throat ache; 12 constipation; 13 nausea and 14 other

b The swelling shortly after up to 3 weeks after vaccination are noted here. If more than one vaccinations sit reacted, the biggest was recorded.

Grade 0: no swelling, grade 1: <4 cm; grade: 2 >4 cm; grade 3: >8 cm

¢ Swelling <4 cm

regressed to a Papl, 43 % (16/37) had a Pap2/3a (of whom
three patients had a LEEP performed after diagnosing 2x
a CIN2 and 1x a CIN1) and 3 % (1/37) had progressed to
a Pap3b after two vaccinations (which after LEEP excision
turned out to be a CIN2) (Table 1). In group 2, 78 % (7/9)
of the patients had returned to a Papl and 22 % (2/9) still
had a Pap2 at T = 1 year. At 2 years follow-up, 69 % (9/13)
had a Papl in group 1A and 30 % (4/13) a Pap2/3a. In
group 1B and 1C, 63 % (15/24) had a Papl at T = 2 years,
21 % (5/24) a Pap2/3a and 4 % (1/24) a Pap3b. Four per-
cent (1/24) had undergone a hysterectomy (myoma) and
8 % (2/24) was not tested. At T = 0 year, nine patients in
group 1 tested HPV16 positive. In the patients that were
followed up for 1-2 years, the clearance rate at T = 1 year
was 3/8 and T = 2 years 5/8. In group 2, two patients
tested positive at T = 0, the clearance rate was 1/2 and
1/1 at T = 1 year and T = 2 years, respectively. For com-
parison, six patients in group 1 tested HPV31 positive at
T = 0 and the clearance rate was 0/6 and 2/4 at T = 1 year
and T = 2 years. In group 2, one patient tested positive
for HPV31 at T = 0, the clearance rate was 0/1 and 1/1 at
T = 1 year and T = 2 years, respectively.

Discussion

In this randomized trial, patients received either a placebo
or two vaccinations of a therapeutic HPV16-SLP vaccine
with or without a booster vaccination after 1 year. The dif-
ferences in the HPV16-specific T-cell responses detected
between the patients in the vaccine and placebo groups
clearly showed that the HPV16-SLP vaccine is responsible
for a strong HPV16-specific T-cell response after vaccina-
tion. Furthermore, the study showed that the most immuno-
genic parts of the vaccine are E6 peptide pool two (amino

@ Springer

acid 41-92), pool four (amino acid 111-158) and E7 pool
two (amino acid 41-98). These regions are similar to those
that are recognized by the spontaneously induced HPV16-
specific T-cell response found in healthy volunteers [9, 23].

An important factor for the clinical efficacy of a thera-
peutic vaccine is its capacity to induce a CD4-mediated Th1
cell response [24]. The first two vaccinations augmented
the HPV16-specific Thl response and this response is still
detected after 1 year, albeit that the strength of the response
is somewhat lower. The group of patients receiving a
booster vaccination, not only showed a threefold increase
in the number of HPV16-specific IFNy-producing T cells
as detected by IFNy-Elispot but also an increase in the
HPV16-specific production of IL-5 (compare groups 1A vs
1B/1C). While the combination of HPV 16-specific produc-
tion of both IFNy and IL-5 is commonly found in the spon-
taneous T-cell response to HPV infection in healthy volun-
teers and also in the vaccine-induced response of patients
clinically responding to HPV16-SLP vaccination [15, 17,
18], the specific rise in a Th2 type cytokine indicates an
undesirable polarization toward a Th2 response. The addi-
tion of an adjuvant with the capacity to skew toward a Thl
response, therefore, seems warranted. Recently, IFNa has
been used as adjuvant in a clinical trial in which colorec-
tal cancer patients were injected with a p53-SLP vaccine.
This trial showed that the addition of IFNa enhanced the
frequency of IFNy-producing p53-specific T-cells in vacci-
nated patients [25], and thus may also be used as adjuvant
in HPV16-SLP vaccines.

A second concern about this vaccination scheme in
patients with pre-cancerous lesions is the adverse events
observed during vaccination, in particular the delayed local
reactions at the vaccination sites occurring several weeks
to months after vaccination. In our other studies using the
HPV16-SLP and Montanide ISASI1, though the adverse



Cancer Immunol Immunother (2014) 63:147-160

157

300 - 100 ookl 600 *hk
’gg 80 - E
5 T 200 B 6o- g 400
[sg=] >
Qo — Z 5
= @ 40 L
S 100+ - S 200
©
L 20 1 Q
o
0 - 0-.&_,_,_%# 0-
500 __*** 100+ 1007 *xx
£ E E
Eg 400 1 \8 E; 80
- o = O ~—
i § 3001 s L 5 60
3 2001 = 3 40 -
g 1 g g
S 100 - s & 20 — — _—_———— - — =
0 == =t == — = 0-
ow 7w 1y Ow 7w 1y ow 7w 1y Ow 7w 1y ow 7w 1y Ow 7w 1y
N= 37 37 37 8 8 8 37 37 37 8 8 8 37 37 37 8 8 8
Group 1 Group 2 Group 1 Group 2 Group 1 Group 2
HPV16-SLP Placebo HPV16-SLP Placebo HPV16-SLP Placebo
b E6.1 E6.2 E6.3 E6.4 E7.1 E7.2
5 o ok ok ok ok ok ok
E = 300
T
Q 8 200
g3 1
=8 10 .
L_L - 0 —_— d d ; —_—
125
S 1 1 1 1 ]
T=70
Q2 &P 50
° 25J é %
- 0
Oow 7w 1y Oow 7w 1y ow 7w 1y ow 7w 1y ow 7w 1y ow 7w 1y

Fig. 2 Strong vaccine-induced T-cell immunity was seen after two
vaccinations with HPV16-SLP vaccine at 50 pg/peptide. a HPV16-
specific T-cell reactivity was determined using PBMCs before
(T = 0 week), 7 weeks (T'= 7 weeks) and 1 year (T = 1 year) after
vaccination as determined by IFNy-Elispot, lymphocyte stimulation
test (LST) and cytometric bead array (CBA). The median (/ine), inter-
quartile range (boxes) and 10-90 % range (bars) of the HPV16-spe-
cific T-cell responses are shown for patients in group 1 (HPV16-SLP;
n = 37) and group 2 (PBS-placebo; n = 8). The Wilcoxon matched-

events did not exceed grade 2, the local injection-site reac-
tions could be severe with large swelling formation with
itching, redness and pain [14, 16, 17]. Therefore, in this
study, a low-dose vaccine (50 pg/peptide) was adminis-
tered with Montanide ISAS51 as adjuvant. Montanide ISA
51 is not a component of any approved human vaccine,
but has been used in many previous trials of candidate

pairs signed rank test shows a significant increase after vaccination of
HPV16-specific responses in all tests at 7 = 7 weeks and 7 = 1 year
in group 1 (*0.01 < P < 0.05; **0.001 < P < 0.01; ***P < 0.001). In
group 2, no differences in responses were seen except between 7' = 0
and T = 1 year in the IFNy-Elispot. b Analysis of the individual pep-
tide pools in PBMCs from patients of group 1 shows broad responses
with the greatest immunogenicity against E6.2, E6.4 and E7.2 and
hardly any responses to E6.1

HIV, malaria and cancer vaccines and has been shown to
cause severe injection-site reactions with occasional ster-
ile abscess formation [26-29]. For patients with low-grade
cervical disease, the short- and long-term local adverse
events of the HPV16-SLP vaccine are difficult to accept
[16]. To be successful in this patient group, the formulation
of the HPV16-SLP should be changed in such a way that it
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remains effective, yet with reduction in the adverse events.
A potential strategy to reach this goal is intradermal vac-
cination [30] or to use SLP formulations were an adjuvant
is directly coupled to the peptide allowing Montanide to be
omitted. Recently, Pam;Cys-conjugated SLP were reported
to be highly immunogenic and to display low toxicity at the
low doses that are still effective in pre-clinical trials [31].
An interesting finding in this trial was the association
between an overall higher active immune system—as based
on the higher response to recall antigens—the appearance

@ Springer

of FLS and a stronger response to vaccination. Apparently,
such a profile associates with a stronger response to vac-
cination with more adverse events. We did not find this in
our previous HPV16-SLP vaccination trials in patients with
malignant disease, suggesting that this phenomenon specif-
ically becomes apparent in patients with low-grade disease
with a more alert immune system.

In conclusion, vaccination with 50 pg/peptide of
HPV16-SLP induces a broad and strong immune response
in patients with low-grade pre-malignant disorders of the
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uterine cervix. This response remains at a steady state
high level for at least 2 years. A booster vaccination after
1 year specifically increases Th2 responses. Future use of
such a vaccination scheme thus may require better adju-
vant to steer the immune response toward the desirable
Th1 response. Notably, for this group of patients with pre-
malignant lesions of the cervix, the often long lasting local
adverse events make vaccination with HPV16-SLP as cur-
rently formulated inappropriate. The use of other adjuvant,
peptide formulations or injection routes may overcome
these problems.
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