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Abstract

Objectives: Therapeutic vaccination in chronic HIV-infection aims to attenuate disease progression by promoting
new HIV-specific T cell-clones. Most clinical trials with therapeutic vaccines are conducted on patients receiving
antiretroviral therapy (ART). However, studies of vaccination in untreated individuals are limited. We present the first
data from a phase I/ll clinical trial with a peptide-based therapeutic vaccine (Vacc-5q) consisting of five short, modified
consensus peptides from p17, p24, and Tat. In addition to evaluating safety and immunogenicity of Vacc-5q, we
compared responses induced in patients on effective ART with those of ART-naive patients.

Methods: HIV-infected patients stable on ART (n=10) and treatment naive patients (n=10) received 11 intradermal
injections of Vacc-5q over 26 weeks, using GM-CSF as an adjuvant. Immunogenicity was assessed both in vivo
by delayed type hypersensitivity (DTH) skin tests, and in vitro by T cell activation assays. Persistence of immune
responses was retested after 3.5 years.

Results: Vacc-5q was found to be immunogenic. Specific T cell-responses both in vivo and in vitro increased
significantly from baseline to week 4 (p<0.01), and were still present after 3.5 years. No significant differences were
observed between ART treated and ART naive patients at any time point.

Conclusion: Vacc-5q induced potent HIV associated cellular immune responses both in ART treated and in
treatment-naive viremic patients. These responses were comparably strong in both study arms and still present after
3.5 years, indicating that suppression of plasma viral load by ART might not be essential for optimal immunization.
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Introduction

Ineffective immune control of chronic human immunodeficiency
virus type-1 (HIV) infection leads to a progressive loss of immune
functions and AIDS if not effectively treated [1,2]. Therapeutic vaccines
aim to improve HIV-specific immunity and control of viral replication
with theoretical potentials to attenuate the disease progression,
postpone combination antiretroviral treatment (ART), further reduce
the residual HIV replication under an ART regimen, reduce viral
reservoirs, or be part of treatment strategies to eradicate the virus [3].

Several therapeutic vaccine candidates have demonstrated
induction or reimbursement of HIV-specific immune responses
[4-10]. In these trials, patients have generally been immunized
while receiving ART, because suppressed viral replication should
theoretically better protect activated vaccine-induced T cells from
HIV entry, and provide optimal conditions for priming of new T
cell-responses. Roll-out of approved therapeutic vaccines in the
future face practical and economic challenges if their use requires
early introduction of ART, particularly in resource-poor settings. The
question whether ART is required for effective therapeutic vaccine
has previously been explored in a few clinical studies [11-16]. We
here report data from an early phase I/1I clinical trial of a therapeutic
vaccine candidate (Vacc-5q). In addition to a study arm with patients
on effective ART, a parallel ART-free study arm with comparable
CD4+ T cell counts was included, primarily for safety reasons of

enabled us to test whether ART was a prerequisite for immunisation
at an early phase. Vacc-5q consists of altogether five peptides
corresponding to Gag (p24 and pl7) and Tat consensus sequences;
one of the two p24 peptides has been included in another therapeutic
vaccine candidate that we have tested previously (Vacc-4x) to allow
for the potential to compare immunogenicity [4,10,17-20]. The
objectives in this trial were to evaluate safety and immunogenicity
of Vacc-5q. We hypothesized that ART was not prerequisited for
effective immunization with a peptide-based vaccine, and wanted
to explore the significance of ART on immunization by comparing
induced, vaccine-specific immune responses in patients with and
without treatment. The study design comparing these two patients
groups was motivated by the possibility for simplified roll-out of
therapeutic vaccines in resource-limited populations without access
to ART.
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Methods
Vacc-5q composition and manufacturing

Vacc-5q is composed of five water-soluble peptides (17-22 amino
acids in length) synthesized by Polypeptides GmbH, Germany, vials
were filled and labelled by Isopharma. The individual peptides are based
on consensus HIV-1 sequences within p17, p24, and Tat, respectively.
The native sequences from HXB2 reference strain (Table 3), represent
the regions used as a basis for peptide design. The particular Vacc-5q
peptides are targeted because p24 is a highly antigenic viral protein and
is an important target of immune responses to HIV-1. Tat is expressed
early in infection, is a potent activator of virus transcription, and exerts
a wide range of pathogenic effects both in infected and uninfected cells
following uptake. The structural protein p17 is involved in transporting
the newly reverse transcribed viral genome to the nucleus for integration
into the host genome. Targeting p17 may therefore reduce viral spread
in an infected individual. Each of the Vacc-5q consensus peptides in
addition contained some near-native T cell epitopes modified by single
amino acid substitutions to facilitate HLA binding and presentation,
and thereby improve cellular immune responses to their native peptide
counterparts. All vaccine peptides contain HLA-A2 restricted motifs,
but the vaccine was not designed to correspond to the individual HLA
tissue types of the subjects enrolled.

Study protocol and inclusion criteria

This open, prospective randomized phase I/II clinical study
included 20 asymptomatic patients with chronic HIV-infection lasting
more than 1 year at enrolment, aged over 18 years, and in generally
good health. Two study arms were defined: (i) ART-naive patients
with CD4+ lymphocyte count >500/pl and CD4+ lymphocyte count
reduction less than 150/ul the last year prior to study inclusion (non-
ART group); and (ii) patients on ART who had been clinically stable
for 6 months including HIV RNA<400 copies/ml, and nadir and
current CD4+ lymphocyte counts above 75/ul and 200/pl respectively
(ART group). Exclusion criteria were concurrent malignant disease,
immunosuppressive therapy, pregnancy or lactation. Primary objectives
were safety and tolerability of Vacc-5q, and secondary objectives were
to compare immune responses in vivo by delayed-type hypersensitivity
testing (DTH) and in vitro T cell responses in both study groups as well
as explore the impact of concurrent ART.

The immunization period over the first 26 weeks consisted of
intradermal injections, where Vacc-5q was given as a 100 pl solution
with 0.3 mg of each of the five Vacc-5q peptides dissolved in sterile water.
Fifteen minutes prior to injection with Vacc-5q, 60 pg recombinant
human GM-CSF (Sargramostim (Leukin®), Berlex, Seattle, USA) was
injected intradermally as a local adjuvant at the vaccine injection site.
A total of 11 immunizations were given in the induction phase at weeks
1 (3 times: day 1.3.5), 2 (2 times: day 1,3), 3, 4, and 6, and as booster
injections at weeks 24, 25, and 26. Two treatment interruptions were
included in the ART group, mainly to rule out viremia-associated
adverse events, but also as a possible boosting of the induced HIV
specific immune responses. The protocol is outlined in Figure 1.

Three years after the end-of-study, patients were re-invited to
participate in a follow-up study, which included a clinical examination,
blood samples and a single DTH skin test. Both the core study and the
follow-up were approved by the Norwegian Medicines Control Authority
and the South-Eastern Regional Committee for Medical and Health
Research Ethics with written informed consents from all participants.
The study was conducted in accordance with the Declaration of
Helsinki of 1964, (revised version of Edinburgh 2000) and the Notes for
Guidance on Good Clinical Practice (CPMP/ICH/135/95), dated July
17 1996, and applicable regulatory requirements.

Clinical monitoring

Patients were monitored at all visits for adverse events, Karnofsky
performance status, vital signs (heart rate, blood pressure, and weight)
and general laboratory tests. Adverse events were registered and
scored according to the MedDRA System Organ. All safety laboratory
parameters were listed and evaluated with respect to their normal
ranges according to NCI-CTC version 3.0. The CD4+ and CD8+ T
lymphocyte counts were measured using the TriTEST reagent kit
(Becton Dickinson (BD)). HIV RNA was monitored by the COBAS
Amplicor HIV-1 monitor test (Roche) with a detection limit of 50
copies/ml. All blood samples were collected prior to immunisation.
The indications for starting or restarting ART followed the European
guidelines at the time of study, including a CD4 count <350/pl.

Immune response monitoring in vivo by DTH

Delayed type hypersensitivity (DTH) skin tests were done at
baseline (week 1; day 1) and repeated at weeks 3, 6, 24, 28, 40. Solutions

ART ART NO ART NO

group ART ART

No ART NO

group ART

Immuni- Prime Booster

sations immunisation immunisation Follow-up

(8 doses) (3 doses) (no dose)
- S __ .
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0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 185

Figure 1: Study outline.
Antiretroviral treatment (ART) throughout the study is indicated at the top for both study arms. For the ART group, the schedule included two treatment interruptions
of 4 and 12 weeks, respectively, separated by 14 weeks on ART. Periods with treatment are shown in white boxes marked ‘ART’, and periods without treatment are
in shaded boxes marked ‘NO ART’. Immunization periods are indicated with arrows.
Immunizations were given in two blocks at 11 different time-points: The prime immunization at weeks 1 (3 injections), 2 (2 injections), 3, 4, and 6, and booster
immunizations at weeks 24, 25, and 26.
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of 100 pul water containing a mixture of each of the five Vacc-5q peptides
were injected intradermally without previous injection of GM-CSE. All
subjects received 0.1 mg (DTH high) on one forearm, and 0.01 mg
(DTH low) on the other. After 48 hours, the perpendicular diameters
of palpable skin infiltrates were registered, and the approximate circular
areas were calculated accordingly. Induration areas above 10cm?* were
considered positive, based on historic controls [4,17]. At follow-up
week 185, the volunteers were tested with DTH high.

Assays for monitoring antigen-specific T cell responses in
vitro

Sample preparation and antigen stimulation: Peripheral-blood
mononuclear cells (PBMC) were prepared using Cell Preparation
Tubes (CPT™, BD). Except for week 185, freshly drawn PBMC were
cultured in serum-free culture medium (Gibco AIM V, Invitrogen,
cat. no. 12055-091) with 0.1% human albumin in all assays, where
parallel stimulations were done with a mix of Vacc-5q antigen peptides
(Isopharma Amersham Health) (2.5 pg/ml/peptide) and mixes of
recombinant p17, p24 and Tat proteins (National Institute for Biological
Standards and Control, UK) (2 pg/ml/peptide). At week 185, PBMC
were first cryopreserved as earlier described [21] and later thawed
en bloc, washed and reconstituted in serum-free culture medium
overnight. PBMC were then subjected to peptide antigens as described
above. All assays included duplicate unstimulated negative control
cultures and positive control cultures stimulated with Staphylococcal
enterotoxin B at 0.5 pg/ml (Sigma-Aldrich, cat. no 11100-45-1).

Assay for T-cell activation and proliferation: After antigen
stimulation, PBMC were cultured at 37 °C in 5% CO, for 5 days, and
then harvested, stained and prepared for flow cytometric analysis.
Specific T cell-proliferation was concurrently measured at weeks 0, 10,
and at completion of the study week 40 as well as at follow-up week
185. PBMC were pulse-labelled with carboxyfluorescein succinimidyl
ester (CFSE, Invitrogen Molecular Probes, cat. no. C34554) prior to
antigen stimulation, as detailed earlier [4]. For more frequent and
less laborious and cytotoxic monitoring of antigen-specific activation,
changes in CD25-expression relative to unstimulated cells within the
CD4+ and CD8+ T cell subsets were estimated at all visits, in PBMC
not labelled with CESE [22]. CD25 is an activation marker that peaks
after several days of stimulation, and is an adequate marker of specific
T cell-responses correlating with CFSE-based assays [23,24]. Finally,
detection of antigen-induced intracellular T cell cytokine responses

Non-ART (n=10)

Age (years) 46 (38-55)
Males : females 9:1
Estimated time from seroconversion (months) 30 (22-40)
Time HIV seropositive (months) 31 (15-44)
Nadir CD4* T lymphocyte count (cells/ul) n.a.
Time from nadir (months) n.a.
Time on ART (months) n.a.

CD4* T cells (cells/pl)
CD8" T cells (cells/ul)
HIV RNA (copies/ml)

710 (550-840)
1313 (1195-2115)
25000 (5400-64500)

B,-microglobulin (%) 1.7 (1.6-2.7)
19G 15.4 (12.1-22.1)
CD38* fraction of CD8+ T cells (%) 65 (61-74)
CD28* fraction of CD8+ T cells (%) 24 (15-26)

* Mann-Whitney U Test

of IFN-y and IL-2 after 20h in PBMC was performed at baseline and
weeks 10 and 40, as described elsewhere [25].

Staining was done with the following fluorescence-labelled mAbs:
CD3 PE (eBioscience (eB), cat. no. 12-0037), CD4 FITC (eB, cat. no.
11-0048), CD8 PerCP (BD, cat. no. 345774) and CD25 APC (eB, cat.
no. 17-0259).

Flow cytometry and data processing: Flow cytometry data were
obtained with a BD FACS Calibur flow cytometer for all samples from
weeks 0-40, where fluorochrome-labelled IgG1, IgG2a, and IgG2b
isotype control antibodies (BD) were used to calibrate all four flow
channels. A BD FACS Canto II with BD Diva software V5 was used
to obtain the flow data from week 185. All flow cytometry data were
analysed with WinList V7 (Verity Software House), and only gates
containing CD3+ T lymphocytes and lymphoblast were evaluated.
Cells with reduced CFSE fluorescence was denoted CFSEdim as
described elsewhere [23]. Antigen specific T cell proliferation was
defined as fractions of CFSEdim from antigen stimulated T cells above
corresponding CFSEdim -fractions in control cultures as previously
described [4]. Overall proliferative response rate was defined as the
fraction of patients with improved proliferative response relative
to baseline at a time-point. Antigen specific CD4+ and CD8+ T cell
activation was defined as fractions of CD25+ from antigen stimulated
T cells above unstimulated control cells.

Statistical analysis

All data are presented as median values (interquartile range). Non-
parametrical statistics was used throughout the study, Mann-Whitney U
test for comparing independent groups, Spearman rank for correlation
analysis and Wilcoxon signed-rank test for analysing dependent
variables. A bivariate immune response variable was considered positive
if higher than baseline for the given individual, and Fisher exact test
were used for proportional group comparisons. p-values <0.05 were
considered statistically significant. Two-tailed test were generally used
unless paired tests had indicated a uni-directional change. Statistical
analyses were done using Statistica software (Statsoft Inc.).

Results

Patients and clinical data

A total of 20 patients (19 males, 1 female) were included over a

differences* p ART (n=10)
n.s. 46 (42-52)
n.s 10:0
0.005 117 (114-136)
0.02 102 (46-120)
190 (170-230)
56 (22-83)
55 (27-81)
n.s. 535 (390-690)
0.004 880 (705-1140)
<0.001 <50 (<50 - <50)
0.012 1.3(1.1-1.5)
0.01 11.0 (8.9-12.4)
0.001 35 (28-41)
0.045 42 (29-56)

Table 1: Patient baseline characteristics.
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period of 9 months, with 10 subjects in each ART study arm. Two
patients in the non-ART-group did not complete the study; one died
after week 3 (see below) and one was lost to follow-up after week 28.
All patients in the ART-group were effectively controlled at enrolment,
having HIV RNA <50 copies/ml and CD4+ T cell counts 535 cells/pl.
The non-ART group had similar CD4 count levels as the ART-group
but otherwise typical characteristics of chronic HIV-infected patients
in early phase with significantly higher CD8+ T cell counts and signs
of persistent immune activation such as elevated CD38+CD8+ T cells
levels of 3,-microglobulin and IgG, and higher numbers of CD28CD8+
effector T cells. The baseline characteristics are outlined in Table 1.
The longitudinal development of CD4 counts and HIV RNA levels for
each study arm is presented in Figure 2, showing transient viremia in
the ART-group at week 40 after 12 weeks of treatment interruption
per protocol. In the non-ART group, a small but significant (p=0.05)
increase in their viral loads was observed from week 0-24 (Figure 2)
that was no longer present at week 40.

At follow-up week 185, 14 patients (74%) were recruited 3.5 years
(median) after the primary inclusion date; 7 subjects from each study
arm of whom 9 volunteered for a final Vacc-5q DTH. All participants
were still without any HIV-related symptoms with similar CD4 count
levels in the ART and non-ART study arms (CD4 350 (310-460) and
450 (240-480) cells/pl, respectively) (Figure 2). All patients from the
non-ART-group were still without treatment, and all but one patient in
the ART-group had restarted ART after the last treatment interruption.

Safety
Nine patients (4 from the non-ART- and 5 from the ART-group)
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Figure 2: Time-dependent changes in a) CD4+ T cell counts and b) HIV RNA
within the study arms for non-ART (open markers, dashed line) and ART
patients (black markers, solid line). Medians and interquartile ranges are
indicated.
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Figure 3: Longitudinal changes in response parameters following immunization.
Results shown for patients in the non-ART group (open markers, dashed line)
and ART group (black markers, solid line) at selected time-points.

a) Vacc-5q DTH skin induration areas. The size was significantly increased
from baseline in both study arms at weeks 10, 24, and 40 (marked with *), and
weeks 4 and 28 (not shown). There were no significant differences between
the study arms.

b) Proliferative CD8+ T cell responses to Vacc-5q peptides. The responses
were significantly increased from baseline in both study arms at weeks 10 and
185 (marked with *), and in the non-ART group at week 24 (marked with #).
There were no significant differences between the two study arms.

c) CD8+ T cell activation in terms of CD25 expression. The responses were
significantly increased from baseline in both study arms at weeks 24, and 185
(marked with *), and at week 4 (not shown).

reported mild, transient influenza-like symptoms or tiredness on the
vaccination day (graded as mild). One patient on ART experienced
two episodes of transient systemic allergic reactions at week 26 and
in connection with DTH skin test at week 28, where after he did not
received further DTH tests. The reaction was characterized by skin
flushing and presyncope lasting for a few seconds, and was graded as
moderate. A few episodes of transient mild infections were observed
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during the immunization period, and were considered to have no
or uncertain relation to Vacc-5q. The infections were herpes zoster
(graded as moderate), and an outbreak of genital herpes simplex
infection (graded as mild).

In the non-ART-group, one patient was found dead at home 3
weeks after inclusion. A certain cause of death was impossible to
establish due to the considerable decay of the corpse. However, the
forensic evaluation favoured intoxication in relation to drug abuse as
cause of death, based on the high levels of alprazolam, codeine and
ethanol found in the deceased.

Vacc-5q responses in vivo (DTH)

At baseline, ten patients (5 in each study arm) had weakly positive
DTH tests above 10 mm?, with similar induration area in the ART (0
mm? (0-28)) and the non-ART (0 mm? (0-16)) groups. There was a
significant increase in DTH induration size from baseline to all time
points (p<0.001) (Figure 3). Considering both groups together, DTH
was still markedly positive and higher than baseline at follow-up week
185 (71 mm2 (33-241), p = 0.008) and similar to DTH obtained at
weeks 10 (first ART stop), 28 (second ART stop), and 40 (end of study).

Overall, Vacc-5q DTH responses improved in 16 (84%) of the
19 eligible patients during the study with no significant differences
between the study arms (90% and 78% of the patients at end-of-study
in the ART- and non-ART-group, respectively) (Table 2).

T cell responses in vitro

At baseline, median proliferative responses to Vacc-5q were
similarly undetectable in both treatment arms, and only three patients
had weak detectable responses. The overall proliferative T cell-response

Antigen Assay T cell subset All
DTH high n.a. 76 %
DTH low n.a. 67 %
. . CD4 59 %
Proliferation
Vacc-5q CD8 35%
CD25 CD8 21%
CD4 8 %
IFN-y*
CD8 33 %
Proliferation CD8 24 %
Nat-5q***
CD25 CD8 38 %
Proliferation CD8 19 %
p17 protein
CD25 CD8 0 %
i Proliferation CD8 38 %
p24 protein
CD25 CD8 33 %
i Proliferation CD8 0%
Tat protein
CD25 CD8 18 %

*No differences between the ART- and ART+ groups (Fisher exact test)
**Frequency of responses relative to baseline (total n)
***Nat-5q are the native, unmodified peptides corresponding to the vaccine.

rates relative to baseline were 59% after the first immunization period at
week 10 and 58% after the second boosting period at week 40 (Table 2).
In quantitative terms, Vacc-5q-specific proliferative responses at week
10 transiently increased from baseline for both the CD4+ (p<0.01)
and the CD8+ (p=0.05) subsets (Figure 3). No significant differences
were found between the study arms at week 10, but proliferative CD4+
responses increased more explicitly from baseline for patients on
ART (p=0.04) than for non-ART patients (p=0.07). After completed
immunizations at week 40, all patients had viremia due to interruption
of ART from week 28. The CD8+ T cell responses to Vacc-5q still tended
to be higher than baseline (p=0.08) with no differences between the two
study arms (Figure 3b). These CD8+ T cell responses remained higher
than baseline even three years later at week 185 (p=0.03), still with no
differences between the study subgroups (data not shown).

Enhanced expression of CD25 in responses to vaccine antigens was
used as an alternative parameter for CD8+ T cell activation at more
time points. CD25 is the a-chain of the high affinity IL-2 receptor, and
in long-term cultures, enhanced expression of CD25 depicts the most
newly proliferated cell population and not all proliferated cells [22].
Vacc-5q-specific responses in terms of increased expression of CD25
relative to baseline, were generally in keeping with the proliferative
responses described above.

Using Vacc-5q induced changes in CD25 fractions relative to
baseline, CD8+ T cell responses increased already at end of the primary
immunization period week 4 (p<0.01) and in fact more so in the non-
ART compared with the ART group (p=0.02). These CD8+ responses
were still significantly and similarly enhanced in both study arms before
booster vaccination at week 24 (p=0.01) as shown in Figure 3c. Even
at week 185 the Vacc-5q responses were still significantly higher than

Week 10 Week 40
ART- ART+ All ART- ART+
63 % (8)** 89 % (9) 84 % 78 % (9) 90 % (10)
63 % (8) 80 % (10) 74 % 67 % (9) 80 % (10)
50 % (8) 67 % (9) 58 % 44 % (9) 70 % (10)
25 % (8) 44 % (9) 42 % 22 % (9) 60 % (10)
29 % (7) 14 % (7) 31% 44 % (9) 20 % (10)
0 % (6) 22 % (9) 30 % 29 % (7) 30 % (10)
33 % (6) 33 % (9) 47 % 29 % (7) 60 % (10)
38 % (8) 11 % (9) 33% 33% (9) 33 % (9)
67 % (6) 14 % (7) 33 % 44 % (9) 22 % (9)
29 % (7) 11 % (9) 24 % 29 % (7) 20 % (10)
0 % (5) 14 % (7) 50 % 56 % (9) 44 % (9)
57 % (7) 22 % (9) 69 % 71 % (7) 67 % (9)
40 % (5) 29 % (7) 61 % 78 % (9) 44 % (9)
0% (7) 0% (9) 19 % 14 % (7) 22 % (9)
25 % (4) 14 % (7) 34 % 56 % (9) 11 % (9)

Table 2: Responses to various antigens relative to baseline.

Vacc-5q peptide Corresponding peptide
P24 (Vacc-13)
P24
P17
Tat

Tat

a s WiIN| =

Corresponding strain sequence in HXB2 reference
KALGPAATLEEMMTACQGVG
GATPQDLNTMLNTVGGHQAA

HIVWASRELERFAVNPGLLEVT
SVDPRLEPWKHPGSQPKTACTN
QVCFITKGLGISYGRKK

Table 3. The native sequences used as basis for peptide design.
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baseline and for both T cell subsets (p<0.05), again without differences
between the original ART and non-ART groups (data not shown).

Cross reactivity between the Vacc-5q peptides and recombinant
p24, p17 and Tat whole proteins were also tested. The CD4+ T cell-
responses to recombinant p24, p17 and Tat were generally weak but
detectable at baseline in the ART-group and highest against p24. The
CD8+ T cell-responses to all three proteins increased from baseline
both after the primary immunization at week 4 (p=<0.01) and before
the boost period at week 24 (p=<0.04), but only the p24 and p17
specific responses persisted at end of study at week 40 (p<0.03). No
differences between ART and non-ART patients in these enhanced
CD8+ responses were detected at any time point. The frequencies of
responses to the various antigens are shown in Table 2.

Discussion

Here we present data from an early phase I/II trial showing that
intradermal administration of Vacc-5q peptides using GM-CSF as local
adjuvant, safely resulted in sustained T cell responses according to both
in vivo (DTH) and in vitro assays. We found that Vacc-5q peptides
enhanced responses to the corresponding recombinant proteins, and
an overall response rate at 84%. We have previously found similar, long-
lasting responses after immunization with another therapeutic vaccine
candidate (Vacc-4x) consisting of four HIV p24 consensus peptides
which were identically administered [4,17,18,20], and recently shown
to improve viral control [10]. Taken together, these trials confirm the
potential for this procedure [26]. While Vacc-4x consists only of p24-
like peptides, Vacc-5q includes additional peptides derived from p17
and Tat sequences. Using p24 as an antigen is justified by early studies
showing that sustained cellular immune responses to p24 are associated
with a favorable clinical development [27-29]. Matrix-protein pl7
were included as it represents a conserved domain where immune
escape may come at a fitness cost. Moreover, peptides derived from
Tat were included because Tat is associated with many pathogenic
effects, described to substantiate it as a vaccine target [30], although
later clinical trials focusing on Tat alone have not shown effect [31-
33]. Finally, local low dose GM-CSF was used as an adjuvant prior to
vaccination, similar to Vacc-4x and in peptide-based cancer vaccines
[34-36).

The current trial shows the ability of the Vacc-5q peptides to elicit
potent HIV-associated cellular immune responses not only in chronic
HIV-patients stable on ART, but also in treatment-naive patients with
sustained viremia. Most patients in both study arms enhanced robust
cellular immune responses both in vivo by DTH, and in vitro with
overall similar response rates in the two groups. To our knowledge, this
is one of the first trials to directly compare the immunization potential
between patients on stable ART and ART-naive progressing patients.
In most clinical therapeutic vaccine trials, the strategy has been to
boost immunity to HIV while the virus is fully suppressed by ART, with
only few exceptions [9,16,37-39]. This approach has been based on the
theoretical notion that effective ART provides the best condition for
immunisation by reducing HIV-infection of vaccine-activated CD4+ T
cells.

We here included patients without ART primarily for safety reasons,
and did not design a formal study of inferiority or clinical efficacy.
Two challenges are evident in such a comparison. First, although the
current CD4 counts were similar in both study arms and the non-ART
patients had a typical progressor phenotype, the history of chronic
HIV infection was quite different. In particular, the ART group had a
nadir CD4 count of 190 cells/ul. Although we know from our previous

experience with Vacc-4x (4) that such patients can later be effectively
immunized, lower nadir CD4 counts may hamper the responsiveness
to immunization [40,41]. Secondly, although Vacc-5q induced
comparable HIV-associated cellular immune responses in both study
arms in terms of response rates, strength and long-term duration, this
safety trial included only 20 patients. Thus, the statistical power is too
weak to clearly discriminate the groups. However, our hypothesis was
that the ART-free study group would be difficult to iimmunize to such
an extent that it would have been revealed even with this sample size. A
final notion was that a transient increase in viral load was observed in
the ART naive group This could be due to activation of HIV-1 CD4+ T
cell targets by either Vacc-5q or by GM-CSEF, however, the increase was
brief and transient, and might also be explained by assay variation or
the low number of study subjects.

In contrast to the assumption that ART is necessary for effective
immunization, we found that Vacc-5q induced comparable HIV-
associated cellular immune responses in both study arms in terms of
response rates, strength, long-term duration and safety. There is a global
trend towards initiating ART earlier. Some recent recommendations
even include offering ART to all patients regardless of CD4 cell count
levels [42]. However, access to ART for all HIV infected individuals is
unfortunately still not a realistic option. A therapeutic vaccine that is
effective in untreated individuals and could delay the decline in CD4
cells and help maintain low viral loads, would have an important
impact especially for patients in areas with limited access to ART. In the
current study, no antiviral effect of Vacc-5q was demonstrated, but this
small phase-I study was not designed to study efficacy. Our data should
therefore encourage new trials comparing early immunization at high
CD4 counts with and without concurrent ART.

Due to the extensive genetic variation of HIV, HIV-specific immune
responses targeting particular epitopes may not be equally relevant for
all viral variants. Although the vaccine was not adapted to the subjects’
individual HLA types, a mapping of epitopes corresponding to HLA-
type for each patient could have clarified specific epitopes in greater
detail. Furthermore, determination of the subject's HIV-1 amino acid
sequence in the five areas targeted by Vacc-5q, would also enable
studies of immune escape and possible vaccine-induced amino acid
sequence changes. However, these data were not attainable in this small
explorative phase I study, but should be considered in further studies.

Among the shortcomings of the present study, are the lack
of updated functional T cell-assays such as measures of antiviral
activity, and polyfunctional T cell markers, as the study was initiated
many years ago. Development of peptide-specific antibodies was not
characterized since the procedure mainly generates cellular immune
responses, in keeping with our experience with Vacc-4x. Although this
makes a direct comparison of the results with other studies difficult,
specific T cell proliferation is still considered to reflect beneficial HIV-
related responses, and the methods applied therefore seem sufficient to
demonstrate that specific T cell responses were in fact induced by the
vaccine. Robust proliferative responses were chosen as a key parameter,
as this response modality has been firmly linked to improved control
of the infection [43]. In contrast, although DTH may provide a simple
read-out in clinical practice, it has been little explored and validated in
this field. Moreover, we have previously demonstrated that DTH is a
more stable and possibly more reliable parameter for T cell responses
and presence of HIV-specific clones during viremia, where such T cells
may be nearly lost in blood but still reside in lymphoid tissues [44]. It is
therefore noteworthy that the overall response rates for DTH appeared
better than for the corresponding in vitro assays, particularly at week 40
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where all patients were viremic (Table 2). Thus, one can speculate that
DTH may be the most stable longitudinal comparator between viremic
and aviremic patients. With this parameter, the patients on ART
seemed to have overall higher response rates, although not significantly
so. However, proliferative data support this notion, showing more
distinct changes from baseline and better preservation of CD8+ T cell
responses in the ART group even during viremia at end of study week
40. Nevertheless, even 60-80% of the ART-naive individuals responded
to immunization with HIV consensus peptides.

Therapeutic HIV vaccines have recently been suggested as a
potentially essential part of HIV cure regimen, since the prime immune
deficiency in healthy HIV-infected individuals is immunity to HIV
[3,45,46]. This potential niche should therefore encourage intensified
efforts in vaccine development. It should be emphasized that a number
of antigens and delivery systems have been and is currently tested as
therapeutic vaccines [10,33,47-50].

In conclusion, our data show that strong, specific, and early cellular
immune responses against Vacc-5q, in both patients stable on ART
and treatment-naive patients having similar CD4+ T cell-counts.
Furthermore, T cell-responses both in vivo and in vitro were maintained
even 3.5 years after immunization, independent of the presence of ART
during immunizations. Prospective studies are required to determine
the clinical relevance of these responses, and whether peptide-based
therapeutic immunizations could postpone the initiation of ART.
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