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ABSTRACT
Purpose: Cervical cancer, the second most common
malignancy in women worldwide, is almost invariably associated with infection by human papillomavirus (HPV).
HPV-16 or -18 is commonly present in 70% of cervical
cancers. HPV-positive tumor cells present antigens of the
viral protein in the context of human leukocyte antigen
(HLA) class I that can be recognized by CTLs. We have
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conducted a study in patients with early-stage cervical cancer to assess the safety and immunological effects of vaccination with TA-HPV, a live recombinant vaccinia virus
expressing modified forms of the HPV-16 and -18 E6 and E7
proteins.
Experimental Design: Twenty-nine patients with clinical
International Federation of Gynecologists and Obstetricians
(FIGO) stage Ib or IIa cervical cancer were given two
vaccinations with TA-HPV at least 4 weeks apart, starting 2
weeks before radical hysterectomy. Patients were monitored
closely for side effects of the vaccination. Serial blood samples were examined for HPV-specific CTLs or changes in
levels of antibodies to HPV-16 or -18 E6 and E7 proteins and
to vaccinia virus.
Results: Vaccination with recombinant vaccinia was
well tolerated in all patients with only mild to moderate local
toxicity, and no serious adverse events were attributable to
the vaccine. After a single vaccination, HPV-specific CTLs
were found in four patients (HLA A1, A3, three patients;
HLA A1, A24, one patient). Eight patients developed HPVspecific serological responses.
Conclusions: This study confirmed the safety and immunogenicity of the vaccine in a proportion of those patients
vaccinated. Additional clinical studies using TA-HPV in
combination with an additional experimental vaccine for
HPV-16 are currently under way.

INTRODUCTION
Cervical cancer is the second most common malignancy in
women and is responsible for 400,000 deaths/year worldwide
(1). Infection with the HPV3 (the most prevalent types are
HPV-16 and -18) could be demonstrated in 99.7% of patients (2,
3). The oncoproteins E6 and E7 are always expressed in tumor
cells because they are mechanistically involved in the process of
carcinogenesis (4 – 6). Epitopes of these proteins can be presented in the context of HLA class I molecules (7–9). Thus,
“tagged” with these unique viral tumor antigens, cervical cancer
cells may be recognized specifically by CTLs. Such CTLs can
be activated by HPV-positive tumor cells in vitro (10). In CIN
and cervical cancer patients, HPV oncogene-specific memory T

3

The abbreviations used are: HPV, human papillomavirus; HLA, human leukocyte antigen; CIN, cervical intraepithelial neoplasia; PBMC,
peripheral blood mononuclear cell; FIGO, International Federation of
Gynecologists and Obstetricians; EORTC, European Organization for
Research and Treatment of Cancer; pfu, plaque-forming unit(s); B-LCL,
B-lymphoblastoid cell line; MBP, maltose-binding protein; IHC, immunohistochemistry; mAb, monoclonal antibody.
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cells have been demonstrated in peripheral blood and in tumorinfiltrating lymphocytes (11–14). In about 50% of patients with
cervical cancer, an antibody response to HPV oncoproteins,
which correlates with disease progression, can be detected (15–
17). The E6 and E7 proteins may provide a tumor-specific target
for immunotherapeutic interventions in patients with cervical
cancer.
Immunotherapy using HPV proteins as targets has been
shown to control tumor growth in experimental models (7, 18,
19), and virus-like particles have shown prophylactic efficacy in
animal papillomavirus infection (20, 21). Several vaccination
strategies are being pursued to circumvent the low immunogenicity of the virus including HLA-restricted peptides or antigenloaded dendritic cells (22, 23). Some promising results have
been obtained with recombinant viral vaccines based on vaccinia (24 –26). Vaccinia virus has been widely used as immunogen and was well tolerated. It has been accepted as safe when it
was used during the smallpox eradication program of the WHO
(27). In addition, vaccinia induces a strong immune response by
itself that may deliver “danger signals” for the immune system
that represent an adjuvant effect. Therefore, based on the Wyeth
vaccinia strain, a recombinant virus was constructed carrying
functionally modified E6 and E7 genes of HPV-16 and -18 (28).
During the lytic life cycle of the virus, the inserted HPV genes
are expressed, and their proteins are processed and presented by
antigen-presenting cells to induce a MHC class I-restricted
T-cell response (29).
In women with advanced cervical cancer, a single treatment with this modified vaccinia virus produced HPV-specific
CTLs in one of three patients and a HPV-specific antibody
response in three of eight patients (30). We have used the same
construct, called TA-HPV, in patients with early-stage cervical
cancer (FIGO stage I or II). The main objective of the study was
an assessment of the effects on the cellular immune response as
reflected by changes in circulating HPV-specific CTLs. Antibodies to E7 from HPV-16 or -18 and to the vaccinia virus were
also measured. We have been able to verify that the vaccination
is feasible in an outpatient setting and is safe and well tolerated.
A serological response to vaccinia was observed in 18 of 29
patients. A seroconversion was induced to at least one of the
HPV antigens in 8 of 15 patients. Most importantly, a HPVspecific de novo CTL response could be demonstrated in 4 of 29
evaluable vaccinees.

PATIENTS AND METHODS
Patients. The study was approved by the EORTC Protocol Review Committee, the United Kingdom Medicines Control
Agency, the United Kingdom Gene Therapy Advisory Committee, the Dutch Gene Therapy Commission, the local ethics
committees of each participating institution, and the relevant
safety and environmental monitoring agencies according to local laws. All investigations involving humans have been performed in accordance with the principles embodied in the Declaration of Helsinki. The study was performed in compliance
with the guidelines of Good Clinical Practice as described in the
International Conference on Harmonization of Good Clinical
Practices guidelines step 4 (1996).
Eligible patients had histologically confirmed untreated

clinical stage Ib or IIa squamous cell or adenocarcinoma of the
uterine cervix. They had to be age 18 years or older with an
Eastern Cooperative Oncology Group performance status of ⱕ2
and a life expectancy of ⬎3 months. White cell and platelet
counts, serum creatinine, serum transaminases and bilirubin
(ⱕ1.5 times the upper normal limit), prothrombin and partial
prothrombin (time ⱕ twice upper normal limit) had to be within
the normal range. Immune parameters evaluated were a CD4
count exceeding 400/mm3 and a reaction to at least two antigens
in the Multitest CMI for cell-mediated immunity (Pasteur
Merieux, Lyon, France). Patients were excluded if they had
eczema, were known to be immunodeficient, had a history or
acute hepatitis B or C infection, had HIV infection, had regular
contact with children ⱕ 5 years, or had a second primary tumor
requiring treatment in the preceding 5 years. Written informed
consent was obtained from all patients before inclusion in the
study.
Vaccine and Treatment. The TA-HPV vaccine is a live
recombinant vaccinia virus that has been engineered to express
the E6 and E7 proteins of HPV-16 and -18 (30). The vaccine
was supplied and vaccine investigation was sponsored by
Cantab, now Xenova Research Limited (Cambridge, United
Kingdom). It was provided in vials of 50 l containing 108 pfu
recombinant virus/ml and stored frozen at – 80°C. Production,
analysis, storage, and application were done under Good Manufacturing Practice standards, especially regarding the guidelines for genetically modified organisms.
The treatment consisted of two applications of the vaccine,
4 –12 weeks apart. The first was given 2 weeks before radical
hysterectomy, and the second was given 4 – 8 weeks after surgery, when disease burden was considered minimal or nil. The
vaccinations were given with 20 l of TA-HPV (2 ⫻ 106 pfu)
using a scarification technique estimated to deliver approximately 2.5 ⫻ 105 pfu (27). The site was allowed to dry in air and
then covered with an occlusive dressing that was changed regularly until scab dehiscence. Radiotherapy, when required, was
given after the second vaccination when the scab had dried, and,
as with surgery, local institution guidelines were followed.
Tolerability was monitored using a daily patient diary for 1
month after each vaccination. Patients were evaluated pretreatment and on days 28, 56, 84, and 168 after the first vaccination,
and before radiotherapy if performed with history, physical
examination, toxicity scoring using Common Toxicity Criteria
grades, full blood count, urea, electrolytes and liver function
tests, and serum immunoglobulins. Before study entry a chest
radiograph, magnetic resonance imaging, or computed tomography scan of abdomen and pelvis and a pregnancy test were
done. Absolute numbers of circulating CD4 and CD8 cells were
checked before study entry, at days 56 and 168, and before
radiotherapy. Patients needed to receive at least one vaccination
to be evaluable. Eligible patients were entered in the study via
the New Drug Development Office of the EORTC, which was
also responsible for data collection and study monitoring.
Statistical Methods. An optimal two-stage design by
Simon (31) was used. In the initial phase, 28 evaluable patients
were to be enrolled. The definition of an induced immune
response was prospectively defined as de novo CTL induction.
If fewer than 2 vaccinees showed a response, then the trial was
to be terminated; if more than 5 vaccinees responded, then
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further investigation was appropriate. If 2– 4 patients showed a
response, then recruitment was to be continued until 44 evaluable patients had been enrolled. This gave a type 1 error of 10%
and a type 2 error of 5%.
Cytotoxicity Assays. For analysis of cytotoxic T cells,
blood samples (100 ml before first vaccination, 50 ml at days
28, 56, 84, and 168 and before radiotherapy) were collected in
monovettes containing citrate and shipped overnight at ambient
temperature to Cantab Pharmaceuticals (Cambridge, United
Kingdom). Briefly, PBMCs were isolated by Ficoll-Hypaque
density gradient centrifugation. An aliquot was removed to
establish a B-LCL and monocyte cultures, and the remaining
PBMCs were frozen and stored in vapor phase nitrogen until
use. Autologous monocytes were cultured in RPMI 1640 (Life
Technologies, Inc.) supplemented with 10% fetal bovine serum
and granulocyte macrophage colony-stimulating factor (1000
units/ml) for 3 days and then infected with recombinant adenovirus RAd 101 (containing modified versions of HPV-16 E6 and
E7) or RAd 102 (containing modified versions of HPV-18 E6
and E7) at a multiplicity of infection of 2000:1 and used as
stimulator cells for the CTL cultures (30). For an individual
patient, samples of PBMCs from each time point were tested
simultaneously. Frozen PBMCs were thawed, suspended in interleukin 7 (20 ng/ml)-containing medium, and added to autologous monocytes infected with RAd 101 or RAd 102 (at least 2
wells each for each time point and virus) at a ratio of 1:2
(stimulator:responder cells). After 7 days, fresh culture medium
was added containing interleukin 2 (25 IU/ml) plus fresh autologous adenovirus-infected monocytes treated with mitomycin C
(50 g/ml), and culture was continued for 6 –7 days. Alloreactive CTL cultures were set up using PBMCs from each time
point cultured with mitomycin C (50 g/ml)-treated, HLAmismatched B-LCLs as stimulator cells.
Cytotoxicity of the cultured T cells was determined by
51
chromium release assay. A panel of target cells, EBV immortalized B-LCLs, labeled with 51Cr (4.6 MBq/106cells) was used:
autologous and allogeneic B-LCL; TA-HPV-infected autologous and allogeneic B-LCL; and Wyeth strain vaccinia-infected
autologous B-LCL. The virus-infected target cells were infected
for 1 h at 37°C with TA-HPV or Wyeth at 2–20 pfu/cell and
used after 16 –18 h.
The effector cells from each time point were suspended in
medium to give the highest possible E:T ratio (typically, 60:1),
and serial 3-fold dilutions in triplicate were made. Natural killer
cell activity was blocked using unlabeled K562 cells at a 20-fold
excess of target cells. After 4 h of culture, the supernatant was
counted in a liquid scintillation counter and expressed as cpm.
Specific lysis was determined for each well using the following
equation: % specific lysis ⫽ 100 ⫻ (experimental release ⫺
spontaneous release) ⫻ (maximal release ⫺ spontaneous release)⫺1.
Maximum release was determined from target cells lysed
with Triton X-100 (1%, v/v). A response was defined as positive
when the lysis of TA-HPV targets was ⱖ10% above the lysis of
any of the control targets at two or more of the E:T cell ratios
tested.
Serology. The determination of antibodies to HPV and
vaccinia virus was performed in pre- and postvaccination sera of
the patients. Venous blood (5–10 ml) was taken before the first

vaccination; on days 28, 56, 84, and 168; and before radiotherapy and was shipped overnight to Cantab Pharmaceuticals.
Serum was separated, aliquoted, and stored at ⫺20°C. Serum
from patients in Munich was shipped frozen and then aliquoted
and stored.
Anti-vaccinia IgG levels were determined by ELISA using
Wyeth strain vaccinia-infected CV-1 cell lysates as antigen as
described previously (30). Mock-infected cells were used as
control antigen, and results were expressed compared with a
known high-titer anti-vaccinia IgG included in every assay.
Anti-HPV-16 E7 and anti-HPV-18 E7 antibodies were detected
by ELISA using, as antigen, E7 expressed as MBP fusions. The
assays had been validated previously on a population of women
with CIN3 and cervical cancer (data not shown). Briefly, the
HPV-16 E7 and HPV-18 E7 open reading frames were cloned in
vector pMal-c2 (New England Biolabs) and expressed in Escherichia coli strain BLR. E7-MBP fusions were purified according to the manufacturer’s instructions. As a control antigen,
unfused MBP was also purified. For the ELISA, each serum was
tested against equal amounts (300 ng) of E7-MBP and unfused
MBP coated onto adjacent wells. E7-specific reactivity was
determined as the difference in absorbances between E7MBP and unfused MBP wells. Antibodies to HPV-16 E6 and
HPV-18 E6 were not performed because specific assays were
not available.
HLA Genotyping of Tumor Tissue. HLA genotyping
for HLA-A, -B, -C, -DR, and -DQ was performed by PCRsingle-strand conformational polymorphism method at the Oxford Transplant Centre on DNA extracted from patient PBMCs.
Cervical Biopsies. Tumor biopsies were taken after definitive surgery. Pieces of 3 mm3 were coated with Tissue-Tek
OCT (Miles Inc.) and snap-frozen in liquid nitrogen for storage
in cryovials at – 80°C or in liquid nitrogen. Trial biopsies from
Germany were dispatched to the Paterson Institute on dry ice.
No frozen biopsies were obtained from the Cardiff trial subjects.
Where necessary and available, paraffin-embedded tumor material was used. Cervical biopsies were sectioned for three
purposes: (a) histological examination; (b) HPV testing by PCR;
and (c) HLA phenotyping by IHC.
HPV Typing. DNA was extracted from the tumor biopsy
sections, using mouse liver sections between specimens to monitor possible contamination, as described previously (32). All
biopsies were shown to have amplifiable DNA as assessed using
primers for the “housekeeping” gene, glyceraldehyde-3-phosphate dehydrogenase. HPV DNA was detected using the general
primer GP5⫹/GP6⫹ PCR system. As determined on purified
DNA, the sensitivity of this assay was at the femtogram level for
those HPV genotypes that match strongly with the primers (e.g.,
HPV-16) and at the picogram level for HPV types (e.g., HPV39) having four or more mismatches with one or both primers
(33). Specific HPV genotyping used type-specific primers for
HPV-6/11, -16, -18, -31, and -33 (34 –36). Amplification products were resolved on 2% agarose and visualized by ethidium
bromide staining. Sequencing of the PCR product identified
HPV types 58 and 39.
IHC. The expression of HLA class I was assessed by
IHC of cryostat sections of 14 clinical trial biopsies. The mAbs
used detected HLA monomorphic (W6/32), ␤2-microglobulin
(BM63; DAKO), HLA-A loci (A131; from J. Kornbluth, Uni-
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Table 1

Patient and tumor characteristics

Patient

Age
(yrs)

Site

Postsurgery
stage

Postsurgery
histology

Day radiotherapy
started

1
2
3
4
5
6
7
8
9
10
11
12
13
14c
15
16
17d
18
19
20
21
22
23c
24
25
26
27
28
29

66
40
67
58
36
33
44
49
55
48
47
39
37
47
49
34
47
34
65
43
47
47
41
42
41
44
32
36
47

Munich
Munich
Freiburg
Munich
Munich
Munich
Munich
Munich
Freiburg
Cardiff
Munich
Bonn
Munich
Jena
Jena
Cardiff
Cardiff
Manchester
Jena
Jena
Jena
Jena
Jena
Manchester
Cardiff
Jena
Manchester
Cardiff
Munich

IIb
Ib
Ib
IIb
IIa
Ib
IIb
IIb
Ib
Ib
IIb
Ib
Ib
IIa
Ib
Ib
Ib
Ib
Ib
Ib
Ib
Ia
IIb
Ib
Ib
Ib
Ib
CINIII
Uterine Ca

Squamous
Squamous
Squamous
Squamous
Squamous
Squamous
Mucinous-AC
Adenocarcinoma
Adenocarcinoma
Squamous
Squamous
Squamous
Squamous
Squamous
Squamous
Squamous
Squamous
Squamous
Squamous
Squamous
Squamous
Adenocarcinoma
Squamous
Squamous
Squamous
Adenocarcinoma
Squamous
CINIII
Mucinous Adenocarcinoma

80
79
72
⫺14, 82
69
88
31

112

90

Section type pathology
HPV/HLAa
F
F
NR
NR
W
W
F
W
NR
W
W
F
W
F
F
W
W
F
F
F
NR
F
F
F
W
F
F
W
NR

HPV typingb

Squamous
Not interpretable

HPV-16
⫺

Squamous
No lesion
AC
Squamous

⫺
⫺
⫹
⫺

Squamous
Squamous
CIN
Squamous
Squamous
CIN
Squamous
Squamous
Squamous
CIN
Squamous

HPV-18
HPV-16
⫺
⫺
HPV-16
HPV-58
⫺
⫺
HPV-16/39
⫺
HPV-18

Warty
Squamous
Squamous
No lesion
No lesion
No lesion
CINIII

⫺
HPV-16
HPV-16
⫹/⫺
⫺
⫺
HPV-16

a

Sections used for analysis of the HPV (and HLA) expression were different from those used to assign pathology after surgery (F, frozen
sections; W, wax-embedded; NR, not received).
b
HPV typing positive (⫹) but not identified, negative (⫺), or uncertain (⫹/⫺).
c
Patient received only one vaccination due to radiotherapy (14) or progressive disease (23).
d
The first vaccination failed to take, but the second vaccination resulted in a strong local response.

versity of Arkansas), and BW4 and BW6 epitopes (116.5.28 and
126.39, respectively, from K. Gelsthorpe, Sheffield, Blood
Transfusion Center, Sheffield, United Kingdom). The epithelial
cells were identified using mAb LP34 staining and HLA expression determined by comparison to the stroma by the criteria
of Keating et al. (37). In five wax biopsies, mAb HC10 detecting a HLA-B/C epitope was used to investigate HLA-B/C locus
expression as described by Cromme et al. (38).

RESULTS
Demographics and Clinical Characteristics of the Patients. Twenty-nine patients with presurgical clinical stage
FIGO Ib or IIa disease from six European centers entered the
trial (Table 1). Patients had a median age of 44 years (age range,
32– 67 years). After surgery, the tumor histology confirmed that
22 patients had squamous cell carcinoma, 5 patients had adenocarcinoma, 1 patient had adenocarcinoma of the endometrium, and 1 patient had CIN III with no evidence of invasive
disease. Revision of staging or histology was required after
definitive surgery in nine patients: six patients were upstaged to
pT IIb; one patient was downstaged to pT Ia; one patient had
CIN III; and one patient had endometrial rather than cervical
adenocarcinoma. This resulted in a retrospective cohort of 1x pT
Ia, 18x pT Ib, 2x pT IIa, and 6x pT IIb. Thus, 20 patients had

histopathologically confirmed stage pT Ib or pT IIa cervical
cancer.
Two vaccinations were given to 27 patients. Patient 23
developed rapid tumor progression; therefore, no further blood
drawing was clinically acceptable after day 56. Patient 14 had
radiotherapy after surgery for FIGO stage IIa disease. The first
vaccination did not “take” in patient 17. It was not repeated
because this would have delayed surgery; however, the second
vaccination was successful. Patient 8 had a single brachytherapy
(800 cGy) to the cervix 1 week before the first vaccination. All
29 patients were deemed evaluable for immunological response
because they had all received at least one vaccination. The
protocol provided for replacement of ineligible patients and for
recruitment of up to 44 available patients, depending on response rates. However, this was not done because of an unexpected shortage of vaccine.
Table 1 also summarizes the HPV analysis of patient
biopsies. The histology of the sections preceding and following
those used for the PCR was examined to check for evidence of
tumor. Fourteen cases were analyzed from frozen biopsies, of
which eight were HPV positive and six were HPV negative, but
the latter had no obvious tumor in the flanking sections. In 10
cases, HPV analysis was from wax sections that yielded 3
positives and 7 negatives, of which 2 had no apparent tumor.
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Overall, the HPV typing of the patient material yielded 11 of 24
as HPV positive (1 not assigned; 7 with HPV-16 and 1 of these
was also positive with HPV-39; 2 HPV-18; and 1 HPV-58).
Lack of HPV detection certainly coincided with absence of any
tumor in the section area being analyzed in some cases (Table
1). The HPV negatives derive from specimens with no lesion
(3), uninterpretable pathology (1), wart or CIN but no carcinoma
pathology (3), and, finally, five specimens where there was
evidence of squamous carcinoma. The latter were all HPV typed
from the wax-embedded specimens, which might cause reduced
sensitivity.
Safety. Inoculation with vaccinia typically causes local
erythema and swelling followed by ulceration with scab formation. Ulceration started a median of 6 days (range, 3–19 days)
after the first TA-HPV vaccination and had resolved by 17 days
(range, 6 –35 days), reaching grade 2 toxicity in 10 patients. The
reaction to the second vaccination was milder (grade 1 in 13
patients). Erythema and swelling were seen after the first vaccination in 28 and 24 patients, respectively (maximum grade 3:
1 patient each) and were again milder and less frequent after the
second dose. Itching at the vaccination site was noted by eight
patients, especially after the second vaccination. The systemic
effects attributable to TA-HPV were minimal; the most common
were malaise (grade 2, 6 patients), myalgia (ⱕgrade 2, 2 patients), and headache (ⱕgrade 2, 4 patients). There were no
serious adverse events attributable to TA-HPV.
Serological Responses to Vaccination with TA-HPV.
Serum samples for serological testing were complete for 20
patients. Postvaccination samples were incomplete from 7 patients (one sample from patients 1 and 12; two samples from
patients 14, 15, 19, and 20; and all samples after day 28
from patient 23). No prevaccination day 0 sample was received
from two patients (patients 6 and 11).
All samples were assayed for anti-vaccinia antibodies to
verify a successful “take” of the immunization. The presence
and induction of anti-vaccinia antibodies were determined by
ELISA using whole cell lysates of vaccinia-infected CV-1 cells.
Nine patients had previously been immunized with vaccinia as
part of the smallpox eradication program (as determined by
clinical history), 13 had not, and in 7 patients, the status was
unknown. Measurable anti-vaccinia IgG was present before
vaccination only in patient 8, who was not known to have been
previously immunized, which, given the patient’s age, indicated
an inaccurate history of vaccination. Eighteen patients developed anti-vaccinia antibodies after TA-HPV vaccination, with
13 producing a response by day 28. In 10 patients, the maximum
response was at day 28, although only 4 patients had previously
been immunized. Only one patient responded to the booster
vaccination with an increase in antibody titer after the second
vaccination, but she had not had previous exposure to vaccinia.
Thus, at least 62% of the patients showed serological evidence
of effective vaccination. However, all of the patients gave a
clinical “take” to the vaccination as indicated by a classical
injection site reaction to vaccinia. The reason for discrepancy
between the number serological responses and the clinical take
rate is not clear and has not been observed in other studies with
this vaccine (Ref. 30; data not shown).
The analysis of specific antibody responses to HPV E7
proteins was performed by ELISA using maltose-binding fusion

proteins as antigens. Overall antibodies to HPV-16 E7 were
detected in 11 of 29 patients, and overall antibodies to HPV-18
E7 were detected in 15 of 29 patients. Of the 27 patients from
whom samples were available before vaccination, 2 and 6 patients had pre-existent antibodies to either HPV-16 E7 or
HPV-18 E7, respectively, and 4 patients (patients 4, 15, 20, and
23) had antibodies to both proteins. De novo antibodies to
HPV-16 E7 or HPV-18 E7 developed in four patients each
(Table 2). Antibodies to both HPV-16 and HPV-18 E7 were
induced in patient 17 only. Vaccination with TA-HPV was able
to induce de novo seroconversion in half the patients, excluding
those with pre-existing anti-E7 antibodies. In nine patients, no
HPV E7-specific antibodies could be demonstrated at any time
point.
Analysis of CTLs versus TA-HPV. Blood samples for
CTL analysis were received from all 29 patients and were
complete in 23 patients. Samples were missing from patients 12
and 14 (day 28), patient 15 (days 28 and 56), patients 19 and 20
(day 84), and patient 23 (day 56 onward). All but 10 of the
samples reached Cambridge within 24 h, and all were tested
except for day 28 from patient 12, which took 5 days in transit.
As a positive control, parallel cultures were set up from
each patient stimulated with allogeneic B-cell lines to determine
whether the cells were sufficiently viable to mount an allogeneic
response (indicated as “allogeneic” in Table 3). Only three
patients (patients 6, 17, and 29) did not show an allogeneic
response at any individual time point. Before vaccination, only
one patient (patient 11) had detectable HPV-specific CTL activity. However, four patients (patients 11, 12, 14, and 18)
developed a specific CTL response as a result of vaccination
(Table 3). Patient 11 developed a HPV-18-specific CTL response, whereas the prevaccination response was versus HPV16. Representative examples of the responses in patients 14 and
18 are shown in Fig. 1. Although serial samples/patient were
tested, the CTLs were found at only one time point, respectively: on day 28 in patient 11 to HPV-18 E6 and E7 proteins
and on day 56 in patients 12, 14, and 18 to HPV-16 E6 and E7
proteins. However, because some blood samples were missing
in patients 12 and 14, we cannot rule out the presence of
HPV-specific CTLs at the earlier time point. The tumors of
patients 11, 14, and 18 were HPV-16 positive by PCR. The
biopsy of patient 12 used for HPV analysis contained only CIN,
and no HPV was detected. Therefore, two of the patients who
developed anti-HPV-16 CTLs had HPV-16 associated with the
tumor biopsy.
HLA Expression in Tumor Biopsy. In 11 patients, the
presence of tumor cells in the biopsies taken after surgery could
be confirmed by histology and HPV typing. Because expression
of HLA alleles is critical for any therapeutic effect of CTLs
induced by vaccination, the presence of HLA-A and -B was
investigated by IHC (Table 4). In 5 of 10 evaluable patients,
there was evidence of loss of expression of one or more HLA-A
and/or -B alleles. Thus, one patient tumor showed total HLA-B
locus loss, two patients showed HLA-B allele loss, one patient
showed HLA-A locus loss and HLA-B allele loss, and one
patient showed heterogeneous HLA-B locus loss. These results
suggest that at least some patient tumors may be nonsusceptible,
through immune evasion, to vaccine-generated CTLs. At least
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Table 2

IgG responses to vaccinia, HPV-16 E7 and HPV-18 E7

a
Highest pre- and postvaccination responses to vaccinia and HPV-16 or HPV-18 E7 antigens expressed as mean ELISA value, compared with
a positive control serum. A positive signal is defined as a mean ELISA value greater or equal 0.1. A positive response (indicated by shaded boxes)
is a signal 2⫻ the prevaccination response.
b
Patient 16 is not defined as positive because actual ELISA value ⫽ 0.099. (ND, not done).
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Table 3

Maximum specific lysis of TA-HPV-infected autologous
target cells

Patient

Stimulationa

Day 0b

Day 28

13.5c
6.6
15.5

5.8
10.4
10.5

4
7.1
46.2

4.9
4.7
19.6

Day 56

Day 84

11

RAd 101
RAd 102
Allogeneic

12

RAd 101
RAd 102
Allogeneic

⫺2.7
⫺3.1
43.9

ND
ND
ND

27.1
⫺10.8
45.2

0.8
⫺4.1
31.7

14

RAd 101
RAd 102
Allogeneic

7.3
2.8
10.8

ND
ND
ND

22.1
1.1
11.5

10.9
0.3
8.1

18

RAd 101
RAd 102
Allogeneic

0.9
3.1
4.9

4.6
2.6
64.7

16.3
1.2
52.3

4.4
2.3
34.9

a
Restimulation with autologous monocytes infected with recombinant adenovirus containing HPV-16 E6 and E7 (RAd 101) or HPV-18
E6 and E7 (RAd 102) or with allogeneic B-cell lines.
b
Day after first vaccination when blood sample was taken.
c
Positive result (shown in bold) with specific lysis ⱖ 10% above
lysis of control targets at ⱖ2 E:T ratios. (ND, not done).

one patient with vaccine-generated CTLs showed HLA loss in
the tumor.

DISCUSSION
The spectrum of HPV-associated clinical findings in
women ranges from genital warts to squamous intraepithelial
neoplasia and invasive carcinoma (39). HPV-16 and -18 are
associated with intraepithelial and invasive lesions. HPV-16 is
the most common type found in squamous carcinoma (40), and
HPV-18 is most common in adenocarcinomas and small cell
neuroendocrine cervical carcinomas (41, 42). The association of
virus infection with risk of development of cervical neoplasia
has provided strong justification for devising immunization
strategies against high-risk HPV types for therapy and prevention of progression and recurrence of invasive cervical cancer.
We have performed one of the first multinational, multicenter
studies of a genetically modified vaccinia-based vaccine. The
study confirms that outpatient vaccination with TA-HPV is
feasible, safe, and associated with little toxicity. Our results
show that vaccination with TA-HPV is able to induce a measurable immune response in patients with active cervical cancer.
A single vaccination was sufficient to produce an immunological effect in 12 of 29 patients (4 patients generated de novo
CTLs, and 8 patients generated de novo anti-HPV antibody
responses).
The patient group was chosen for good performance criteria in particular in relation to the immune response and prognosis. All patients recruited to the study were tested for their
immunocompetence. They passed a delayed type of hypersensitivity test (Pasteur Merieux) with ⱖ2 recall antigens positive
and had absolute CD4 counts above 400/mm3. As a positive
control in the chromium release assay we investigated allogenspecific T-cell activity as a surrogate marker for lytic CTL
function. The presence of allogen-specific CTLs indicates the
ability of autologous lymphocytes to recognize and kill cells

bearing foreign antigen. The absence of allogen-specific CTLs
and the cause of such anergy in patient 6, 17, and 29 are unclear
because all patients reacted in the delayed type of hypersensitivity test and had sufficient numbers of CD4 and CD8 cells but
may be due to T-cell immunosuppression via down-modulation
of the CD3  chain of the T-cell receptor complex that has been
described in cervical cancer patients (43).
The good clinical prognosis in these patients requires follow-up for 5 years to assess any clinical efficacy. Ultimately,
only randomized studies looking at the effects on progressionfree and overall survival can determine whether the immunological responses have clinical significance.
The postvaccination CTL response was restricted to a
single HPV type in each patient. The CTLs were only transiently
present in the circulation and were not detectable 4 weeks earlier
or later, although in some cases, not all samples necessary to
confirm this were available for analysis. Such transience, providing only a narrow window of detection, means that a CTL
response could easily be missed. The difficulties are further
compounded by the individual variation in the timing of CTL
appearance in the blood after TA-HPV vaccination. In a previous trial vaccinating patients with recurrent cervical cancer with
TA-HPV (30), a HPV-specific CTL response was induced in
one of three evaluable patients. In this case, CTLs were detected
to both HPV-16 and -18, but again the response induced was
transient. Additional studies in larger groups of patients will be
needed to determine whether this is a consistent pattern of
responsiveness to the vaccine.
Immunization with TA-HPV was successful in all patients
independently of previous vaccinia immunizations as documented by the local reactions induced. Only 1 of 55 vaccinations
did not lead to overt local vaccinia infection. However, none of
the four patients mounting a CTL response to the HPV proteins
had previously been immunized with vaccinia. It is postulated
that the induction of an active immune response to vaccinia is
beneficial also for the immunization to accompanying antigens
(44 – 46). Therefore, vaccinia is currently being used as a vector
in combination with other vaccination strategies to enhance
immune responses (44, 47). Our vaccination strategy relied
solely on TA-HPV; therefore, it is possible that a strong and
early memory response to vaccinia may override a specific
response induction to HPV antigens.
We used B-cell lines as antigen-presenting targets in the
cytotoxicity assay. Therefore, CD8⫹ or cytolytic CD4⫹ CTLs
may have been measured, the latter being less active against
MHC class II-negative cervical cancer cells. Moreover, effective T-cell activity against tumor cells is dependent on the
expression of suitable HLA molecules by the target cells. In
cervical cancer, a selective loss of HLA expression can occur in
up to 90% of tumors, and multiple mechanisms have been
identified (48, 49). Some of the tumors of the cohort of patients
recruited in our study were available for studying HLA-A and
-B expression. The immunohistochemical approach can detect
HLA-A or -B locus and some B-allele loss of expression, and
the results should be considered a minimum loss estimate (37).
Overall, tumor specimens of 10 evaluable patients were investigated, and 5 showed some evidence of down-regulated HLA
class I expression, with alterations in six different alleles, which
might compromise any CTL activity.
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Fig. 1 Representative
CTL
analysis of peripheral blood
lymphocytes (A, patient 14, B,
patient 18) drawn at the indicated
time points and restimulated
twice in vitro. 51Chromium release assay was performed with
labeled target cells (⽧, autologous B-LCL infected with
TA-HPV; E, autologous B-LCL
infected with Wyeth; f, autologous B-LCL, uninfected; 〫, allogeneic B-LCL, TA-HPV infected; 䡺, allogeneic B-LCL,
uninfected). ND, not done.

Table 4 HLA phenotyping on confirmed HPV-positive tumor tissue
b

Patient HPV
no. typinga
1
7
10
11
14
15
18
20
23
24
28

16
⫹
18
16
16
58
16/39
18
16
16
16

HLA genotyping of tumor cells
HLA-A

HLA-B

⫹⫹
⫹⫹
ND
ND
⫹⫹
⫺
⫹⫹
⫹⫹
⫹⫹
⫹⫹
ND

⫹⫹
⫺
⫺/⫹
ND
Bw6-ve
Bw4-ve
⫹⫹
⫹⫹
Bw4-ve
⫹⫹
⫹⫹

CTL(⫹)
(Virus)c

CTL (HPV-18)
CTL (HPV-16)
CTL (HPV-16)

a
HPV typing from tumour sections by PCR (⫹, positive for HPV
but no type specified).
b
HLA expression was investigated by immunohistochemistry on
frozen and wax-embedded material (⫺, complete loss of HLA-A or
HLA-B locus expression if no alleles indicated).
c
De novo induction of HPV-specific CTL (ND, not done).

The HLA genotyping of the patients showed evidence of
increased HLA-B7 (52%) and HLA-DR15 (55%) antigen frequency with other common alleles not obviously over- or underrepresented (data not shown). Both HLA-B7 and DR15 have
previously been found to be overrepresented in patients with
HPV-associated disease in some studies (50). However, the
patients have been recruited from several different centers, and
there is no suitable control population for strict comparison, and
the group is small. All four patients who developed a CTL
response carried HLA-A1, and three also carried HLA-A3 (patients 11, 12, and 18), whereas patient 14 carried A1, A24.
Patient 23 also carried the A1, A3 alleles but received only one
vaccination, and no specific CTL activity was detected on days
0 and 28. In the study by Borysiewicz et al. (30), the patients
with long-term disease-free survival after a single TA-HPV
vaccination had HLA types A1 and A24. Thus far, 37 patients
with cervical cancer have been given TA-HPV, and CTL re-

sponses have been seen only in those with these HLA types.
More patients need to be treated to see whether these early
observations are significant. If so, then further exploration of
TA-HPV in patients with HLA A1, A3, or A1, A24 and cervical
cancer or high risk premalignant disease may be fruitful.
Patients developed either a CTL response or a serological
response to TA-HPV. There was no patient that developed both
specific CTLs and antibodies. One interpretation may be that the
vaccination induced an immune response biased toward a T
helper 1 or a T helper 2 type. Which response will be more
pronounced might depend on genetic (HLA) and epigenetic
factors (lymphokine pattern) of the individual patient. Because
a humoral response to HPV E6 and E7 proteins is not likely to
affect a therapeutic outcome, strategies to enhance the T helper
1 arm of the response may support the generation of the more
favorable CTLs (51).
However, specific antibodies to HPV E6 and/or E7 proteins
have been shown to correlate with progression to invasive
cancer and represent useful specific tumor markers for cervical
cancer (16, 52). The peak serological response to HPV-16 and
-18 E7 protein occurred after the first vaccination in five of the
nine patients (data not shown). The HPV-specific antibody
response was obviously not hindered by a primary or secondary
antibody response to vaccinia. Patients 6 and 29 had not previously been vaccinated with vaccinia. Patient 6 did not develop
anti-vaccinia antibodies, although antibodies to HPV were
found. Patient 17 had previously been vaccinated, and she, like
patient 29, showed an increase in antibodies to vaccinia
and HPV.
This is the first multicenter study run by the EORTC
Biological Therapeutics Development Group using a genetically
modified organism. We encountered unexpected difficulties in
obtaining approval at national levels, so the study was done in
two rather than the planned six countries. There is no agreement
among the different national regulatory agencies in Europe
about what constitutes gene therapy, the level of monitoring of
patients, the environment required, or the documentation re-
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quired when submitting a clinical protocol for approval. Despite
these obstacles, the trial was successfully finished.
In conclusion, this study shows that a single vaccination
with TA-HPV can induce immunity to HPV proteins in patients
with active malignancy. Both a humoral and cell-mediated response could be demonstrated. However, the down-regulation of
MHC class I molecules in the tumor in many cases of cervical
cancer (48, 49) could mitigate against an antitumor effect of the
CTLs in vivo. To date, 26 patients are on study for 5 years of
follow-up. This number is much too small for any prospective
evaluation on tumor recurrence or metastasis. In the patients in
whom HPV-specific CTLs were detected after vaccination with
TA-HPV, the responses appeared to be transient. This could be
due to homing of lymphocytes out of the peripheral blood or
may indicate that the immunogenicity of the vaccine needs to be
enhanced. Preclinical studies have indicated that a priming
vaccination with a fusion protein consisting of E7E6L2 of
HPV-16 (designated TA-CIN) followed by a booster vaccination with TA-HPV results in a greatly enhanced CD8⫹ T-cell
response against HPV-16 E7 (53). Studies to evaluate TA-HPV
immunization regimen in patients with high-grade vulval intraepithelial neoplasia are currently in progress.
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