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Abstract

Background—A goal of T-cell HIV vaccines is to define the correlation between a vaccine-

induced immune response and protection from HIV infection. We conducted a phase 2 trial to 
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determine if a canarypox vaccine candidate (vCP1452) administered with rgp120 subunit protein 

would “qualify” for a trial to define a correlate of efficacy.

Methods—A total of 330 healthy volunteers were enrolled into 4 groups: 120 received vCP1452 

alone (0, 1, 3, and 6 months), 120 received vCP1452 with 2 different regimens of rgp120 

coadministration, and 90 received placebo. HIV-specific antibody responses were measured by 

enzyme-linked immunoassay (ELISA) and neutralizing activity. T-cell responses were measured 

by chromium release and interferon-γ (IFNγ) enzyme-linked immunospot (ELI-Spot) assay.

Results—Significant neutralizing antibody responses to the HIV MN strain were detected in all 

vaccine groups, with net responses ranging from 57% (95% confidence interval [CI]: 40% to 71%) 

to 94% (95% CI: 85% to 99%). Net cumulative HIV-specific CD8+ IFNγ ELISpot assay responses 

were 13% (95% CI: 21% to 26%) for recipients of vCP1452 alone and 16% (95% CI: 2% to 29%) 

for recipients of vCP1452 plus rgp120.

Conclusions—Overall, the HIV-specific CD8+ cytotoxic T lymphocyte (CTL) response was not 

sufficient to qualify the regimen for a subsequent trial designed to detect an immune correlate of 

protection requiring a minimum CD8+ CTL frequency of 30%.
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The development of a preventive HIV vaccine is the best long-term solution to controlling 

HIV and AIDS. Multiple approaches to vaccine development are being pursued and include 

DNA, viral vector, protein, or peptide-based vaccines, alone or in combination. The 

attenuated poxvirus vectors, particularly the canarypox (ALVAC) vectors, have been some 

of the most extensively studied. An ALVAC gp160 product was the first replication-

incompetent HIV vaccine to demonstrate consistent CD8+ cytotoxic T lymphocyte (CTL) 

responses after vaccination of seronegative persons.1 Subsequent canarypox vaccine 

candidates were developed to increase expression of more complex HIV-1 gene inserts, and 

these have undergone extensive evaluation.2–7

The most recent generation of canarypox HIV vaccines, the ALVAC-HIV vCP1452, 

encodes HIV-1 gp120, the entire Gag protein, a portion of pol, and several human CTL 

epitopes from nef and pol. It also contains sequences encoding the E3L and K3L vaccinia 

proteins,8 which are known to inhibit apoptosis and prolong protein expression in human 

cells.9 In cell culture, vCP1452 demonstrates efficient protein expression, which is 

enhanced significantly over the earlier generation canarypox vector, vCP205.9 Five 

canarypox vaccines were previously evaluated in 9 different AIDS Vaccine Evaluation 

Group (AVEG) trials with or without rgp120 or rgp160 in high- and low-risk volunteers and 

demonstrated a favorable safety profile.1–5,7 The 4 to 6 immunizations administered in 

these studies elicited neutralizing antibodies to homologous HIV-1 strains in 88% of 

participants and CD8+ CTLs to Env and/or Gag epitopes in up to 59% of participants.

4,7,10,11 To examine the safety an immunogenicity of the vCP1452 canarypox vector 

vaccine further, alone and in combination with a protein subunit boost, we undertook a 

double-blind, randomized, phase 2 study.
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In this trial, HIV Vaccine Trials Network (HVTN) protocol 203, 4 doses of vCP1452 

vaccine were tested at 0, 1, 3, and 6 months alone or in combination with 2 different 

regimens of rgp120 (3 and 6 months vs. 0, 1, and 6 months). The primary objectives of the 

trial were to expand the safety profile for these products and to ascertain whether an HIV-

specific CD8+ CTL response could be detected at a high enough frequency to qualify the 

product for subsequent large-scale trials. The trial was co-designed with a test-of-concept 

efficacy trial that had as its primary objective the definition of a correlate of immunity. 

Additionally, previous HIV ALVAC vaccine trials relied on a traditional chromium release 

CTL assay to provide a qualitative assessment of T-cell responses;4,5,7,11,12 this was the 

first trial to use the interferon-γ (IFNg) enzyme-linked immunospot (ELISpot) assay to 

measure and quantitate CD8+ CTLs as a primary endpoint.13

MATERIALS AND METHODS

Vaccines

The recombinant ALVAC-HIV vCP1452 vaccine (Sanofi Pasteur, Swiftwater, PA) 

expresses HIV-1 envelope gp120 (MN) linked to the transmembrane portion of HIV-1 gp41 

(LAI), the HIV-1LAI gene encoding the entire Gag protein, the portion of pol encoding 

protease, a polynucleotide encompassing several human nef and pol CTL epitopes, and 

sequences encoding the E3L and K3L vaccinia virus proteins (Sanofi Pasteur). The 

approximate titer was 107.26 median tissue culture infective dose (TCID50) for each 1.0-mL 

dose. The recombinant AIDSVAX™ B/B gp120 subunit is derived from a clade B primary 

isolate GNE8 sequence and HIV-1MN .14,15 Each dose consisted of 300 μg/mL of MN 

rgp120 and 300 μg/mL of GNE8 rgp120 in 1.2 mg of aluminum hydroxide adjuvant 

(VaxGen Inc., Brisbane, CA). PLACEBO-ALVAC (Sanofi Pasteur) contained virus 

stabilizer and freeze-drying medium, reconstituted with sterile 0.4% sodium chloride. 

AIDSVAX PLACEBO was a sterile suspension of aluminum hydroxide adjuvant. ALVAC 

vCP1452 or placebo was administered in the left arm and AIDSVAX B/B subunit or 

placebo was administered in the right arm as a 1.0-mL intramuscular injection.

Subjects

The study enrolled healthy HIV-1–uninfected adults aged 18 to 60 years. Risk for HIV 

infection was assessed at study entry based on a standardized interview of past and current 

sexual and drug use behaviors. All subjects were in good general health, HIV-seronegative, 

and were counseled to use birth control and avoid pregnancy throughout the course of the 

study. All participants provided written informed consent, and each of the 10 trial sites 

obtained approval for the study through their local institutional review boards.

Study Design

Eligible participants received injections at 4 time points (Table 1) and were monitored for 18 

months for safety and HIV-specific humoral and cellular immune responses. Local and 

systemic reactogenicity symptoms were graded according to the following criteria: (1) mild: 

transient or minimal symptoms, (2) moderate: symptoms requiring modification of activity, 

and (3) severe: incapacitating symptoms resulting in bed rest and/or loss of work or social 

activities. Serious adverse experiences (SAEs) were reported according to the Division of 
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Acquired Immune Deficiency Syndrome (DAIDS) SAE reporting manual. Grade 3 or 4 AEs 

assessed as definitely, probably, or possibly related were also reported as SAEs.

Study Procedures

Whole blood was collected on days 0, 98, 182, 273, 364, and 546 and was shipped overnight 

to the HVTN Central Immunology Laboratories (CILs) at Duke University and the Fred 

Hutchinson Cancer Research Center. Sera and peripheral blood mononuclear cells (PBMCs) 

were cryopreserved and thawed using standard procedures for immunogenicity studies.

Enzyme-Linked Immunosorbent Assays

Qualitative enzyme-linked immunosorbent assays (ELISAs) were performed (Duke 

University CIL) to determine anti-Gag antibody responses. Cryopreserved sera from days 0, 

98, 182, 364, and 546 were tested in duplicate with purified p24 Gag (Quality Biological 

Inc., Gaithersburg, MD). A score (optical density [OD] antigen – OD nonantigen) was 

considered positive if the OD was ≥0.2.

Neutralizing Antibodies

Sera from days 0, 42, 98, 182, and 364 were tested for neutralization (Duke University CIL) 

against HIV-1MN and HIV-1IIIB in an MT-2 cell-killing assay as described previously.16 

Titers were the reciprocal serum dilution at which 50% of cells were protected from virus-

induced killing as measured by neutral red uptake. Positive responses were defined as titers 

≥10.

Interferon-γ Enzyme-Linked Immunospot Assays

ELISpot assays were used to detect HIV-1–specific IFNγ-producing T cells from 

cryopreserved PBMCs as previously described.13 Briefly, 96-well plates (Millipore Corp., 

Billerica, MA) were coated with anti-IFNγ monoclonal antibody (mAb; Mabtech Inc., 

Cincinnati, OH) overnight at 4°C. PBMCs were thawed and incubated overnight. T-cell 

depletions were performed using anti-CD4+ mAb-coated immunomagnetic beads (Miltenyi 

Biotec, Auburn, CA) before adding 2 × 105 cells per well of CD4+ cells or CD8+ cells. 

HIV-1–specific Env, Gag, Pol, and Nef 15-mer peptides overlapping by 11aa (MN, HXB2, 

HXB2, and BRU/LAI strains, respectively) were added at a final concentration of 1 μg/mL. 

Cells stimulated with phytohemagglutinin and a pool of 27 immunodominant 8- to 10-mer 

peptides (Anaspec Inc., San Jose, CA) from cytomegalovirus, Epstein-Barr virus, and 

influenza were used as positive controls.17 Responses were tested in duplicate.

Spot-forming cells (SFCs) were counted using an automated ELISpot reader (Cellular 

Technology Ltd., Cleveland, OH). Responses were considered positive if the mean SFCs in 

the experimental wells were ≥55 per 1 × 106 cells and ≥4 times the mean of the negative 

control wells.18

Chromium Release Assays

Chromium release assays were performed in triplicate at 2 effector/target ratios (50:1 and 

25:1) to detect CD8+ CTLs on fresh PBMCs shipped overnight to the Duke University CIL, 

as previously described.5,11,19,20 Recombinant vaccinia constructs used to infect 
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autologous B-cell line targets included vP1291 (expressing gp120MN, the TM portion of 

gp41MN, and gag/proteaseIIIB), vP1288 (expressing polIIIB), and vP1218 (expressing 

nefIIIB).

Statistical Methods

Categoric data were tested using the 2-sided Fisher exact test. Laboratory assay net response 

rates were considered statistically significant if the exact 95% confidence interval (CI) did 

not include 0; pairwise differences were tested using the nonparametric Wilcoxon rank sum 

test. Reactogenicity data were evaluated using the Kruskal-Wallis test. All differences were 

statistically significant if P ≥ 0.05, and no adjustments were made for multiple comparisons. 

For CTLs and ELISpot assays, cumulative response rates on day 98 or 182 were computed. 

Standard optimization techniques were used to obtain nonparametric maximum likelihood 

estimates (NPMLEs) of cumulative response rates.21

The study design was intended to provide a basis for a go/no-go decision regarding a phase 

3 efficacy trial (HVTN 501). The decision criterion was based on the null hypothesis that the 

true response rate was not >30%, setting the sample size at 120 vaccinees per regimen to 

provide at least 90% power to distinguish response rates of 30% and 45%. Thus, HVTN 203 

was independently designed to qualify vCP1452 alone and vCP1452 plus rgp120, the latter 

by pooling groups B and C, for potential efficacy evaluation in HVTN 501.

RESULTS

Accrual and Demographic Data

Three hundred 30 participants were enrolled at 10 sites in the United States between 

December 2000 and August 2001 and were randomized to 1 of 4 groups (see Table 1). 

Overall, 305 (92%) participants completed all 4 vaccinations, with 279 (85%) completing 

follow-up. A total of 25 participants discontinued vaccinations for diverse reasons, including 

1 pregnancy and 1 HIV infection. No participants discontinued because of concerns 

regarding vaccine toxicity.

Table 2 shows the group stratification by gender, sexual preference, race, HIV risk group, 

and age. The median age of enrolled participants was 35.0 years; 82% of enrollees were 

non-Hispanic whites, and 12% were non-Hispanic African Americans. For all demographic 

variables, no statistically significant differences were observed across groups (P > 0.05, 

Fisher exact test).

Safety and Tolerability

Overall, the vCP1452 and rgp120 injections were well tolerated. Two vaccinees (1 in group 

A and 1 in group B) experienced severe pain or tenderness that completely resolved within 

24 to 72 hours of onset. When compared with placebo, rates for maximum pain or 

tenderness and for maximum erythema or induration were significantly higher in all vaccine 

groups for the ALVAC injection (left arm, P > 0.01) but not for the rgp120 injection (right 

arm, P ≥ 0.13).
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Systemic reactogenicity, including malaise, myalgia, headache, nausea, or fever, was 

generally mild, although 6 vaccinees (1 in group A, 1 in group B, and 4 in group C) 

experienced severe systemic side effects that resolved within 1 to 5 days after vaccination. 

Of the participants experiencing a temperature ≥38.3°C, 6 of 120, 2 of 60, 0 of 60, and 1 of 

90 were observed in groups A, B, C, and D, respectively. There were no significant trends or 

abnormalities in hematologic, renal, or hepatic profiles or in CD4+ T-cell counts seen in any 

of the 4 groups. Comparing rates of participants experiencing 1 or more AEs, there were no 

significant differences between treatment groups overall (P = 0.82, Fisher exact test).

Three grade 3 AEs for which relatedness to the study product was definite (n = 1), probable 

(n = 1), or “cannot rule out” (n = 1) were reported: 2 from group A and 1 from group B. 

These included 2 severe reactogenicity experiences (“probably related” chills in group A 

and “definitely related” bilateral arm pain or tenderness in group B). The third grade 3 AE 

(group A) was a T-cell lymphoma diagnosed 4 months after the final vaccination; the 

participant was treated with chemotherapy, and disease was still present at the end of the 

study. In addition, there were 2 participants with miscarriages (groups A and C) determined 

to be unrelated to the study product (1 group C participant had 2 miscarriages). There were 6 

participants (5 vaccinees and 1 placebo recipient) who became HIV infected, 2 before 

completion of the immunization schedule and 4 between 1 and 7 months after vaccination.

Humoral Immunogenicity

Anti-Gag p24 binding antibodies were detected by ELISA (data not shown) at day 182, 2 

weeks after the final vaccination, in all vaccine groups with response rates ranging from 

23% (95% CI: 8% to 38%) to 36% (95% CI: 21% to 51%). Responses peaked at day 182 

and were detectable by day 364 in only 2 group A participants. There was no significant 

difference between vaccine groups in the number of recipients mounting p24 antibodies at 

day 182, suggesting that rgp120 coadministration in groups B and C did not significantly 

enhance Gag-specific antibody responses.

As depicted in Figure 1, HIV-1MN neutralizing antibody (nAb) titers were significantly 

higher (P < 0.01) in all vaccine groups for days 98, 182, and 364 when compared with 

placebo but only in group C for day 42. At day 98, net response rates ranged from 70% 

(95% CI: 57% to 81%) to 83% (95% CI: 69% to 93%). Notably, nAb titers were low when 

detectable (geometric mean titer [GMT] range: 18.1−44.9) in those receiving ALVAC alone 

(group A). Their responses peaked after the third vaccination, decreasing in magnitude by 

days 182 and 364.

The magnitude and frequency of nAb titers to HIV-1MN were consistently higher (average 

GMT >3-fold) in groups receiving rgp120 compared with vCP1452 alone (P < 0.01 at day 

182). Interestingly, a single boost with vCP1452 plus rgp120 after 2 doses of vCP1452 alone 

(group B, day 98) was superior to 2 doses of vCP1452 plus rgp120 boosted with vCP1452 

alone (group C; P < 0.01). By month 6, however, group C responses were clearly boosted 

with 1 additional dose of vCP1452 plus rgp120, whereas group B responses were not (see 

Fig. 1). The explanation for this is unclear but suggests that 3 injections of subunit protein 

are better than 2 and/or that the rgp120 schedule with the 5-month boost interval (0, 1, and 6 

months) is superior to the 3-month interval (3 and 6 months). By day 364, without any 
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additional boosts, the antibody responses in all groups receiving vaccine were detected at 

low titers and were not significantly different irrespective of schedule. This suggests that 

Env-specific memory B cells persist and is consistent with previous observations regarding 

the longevity of these responses.22

Induction of nAbs to HIV-IIIIB was examined in a subset (n = 62) of samples from day 182 

(data not shown). These sera were less able to neutralize HIV-1IIIB than HIV-1MN, and 

greater response frequencies were observed in the groups receiving rgp120 (14 of 20 

subjects [70%] in groups B and C) versus vCP1452 only (0 of 25 subjects [0%] in group A) 

or placebo (0 of 17 subjects [0%] in group D) (P < 0.01). Similarly, day 182 anti-HIV-1IIIB 

antibody titers were significantly higher in the rgp120-treated groups (P < 0.01). There was 

no evidence of nAb activity against primary clade B isolates.

Cellular Immunogenicity

Vaccine-induced HIV-1–specific T-cell responses were measured at 2 weeks after the third 

and fourth vaccinations (days 98 and 182) in fresh PBMCs using a chromium release CTL 

assay. Significant net cumulative CD8+ CTLs to any antigen (gag, env, nef,or pol) were 

detected at day 98 or day 182 in 16% (95% CI: 2% to 35%) to 24% (95% CI: 5% to 43% of 

vaccinees with no significant differences between those who received ALVAC alone versus 

ALVAC plus rgp120 (Table 3A). There were no significant CD8+ CTL net point prevalence 

rates at day 98 or day 182 (see Table 3B). No significant CD4+ T-cell responses were 

measured via chromium release assay (data not shown).

IFNγ ELISpot assays were conducted in 2 HVTN CILs that divided cryopreserved PBMCs 

based on study site. Significant net cumulative IFNγ-secreting CD8+ T-cell responses were 

detected to env, gag, pol,or nef at days 98 or 182 in 23% (95% CI: 6% to 40%) of group B 

participants (Table 4A). For group A participants, net cumulative CD8+ ELISpot responses 

were only 13% (95% CI: 21% to 26%). Gag-specific responses contributed most 

significantly to the overall CD8+ T-cell response rates, and net point prevalence response 

rates to any of the antigens only reached statistical significance for group B at day 98 (28% 

response, 95% CI: 8% to 47%; see Table 4B). The day 98 net point prevalence response 

rates in the other 2 active groups did not reach statistical significance, nor did the CD8+ T-

cell responses at day 182 in any of the vaccine groups, suggesting that the higher day 98 

group B response rate might be a function of the multiplicity of comparisons rather than a 

true higher response rate.

CD4+ T-cell responses were also examined by IFNγ ELISpot assay. A significant net 

cumulative CD4+ T-cell response rate of 15% was detected to env, gag, pol,or nef at days 98 

or 182 (95% CI: 3% to 28%) for participants in group B only (see Table 4A). No significant 

net point prevalence CD4+ T-cell response rates were observed. ELISpot assays were also 

performed on unfractionated PBMCs at the day 364 time point from a subset of 191 

subjects, and no appreciable responses were detected (data not shown).
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DISCUSSION

After investigation of recombinant vaccinia in the late 1980s,23,24 recombinant canarypox 

vectors became the approach in the 1990s for achieving vaccine-induced HIV-specific T-cell 

responses. Several generations of canarypox vaccines were tested in phase 1-II clinical 

trials, alone and in combination with recombinant envelope protein boosts.1–7,11,25 These 

trials established an excellent safety profile for this vaccine regimen at the current dose 

levels, which is further supported by this study. Of note, a recent trial evaluated the safety 

and immunogenicity of ALVAC vCP1452 at a higher dose (108 TCID50) and found a 

significantly higher rate of local and systemic reactogenicity,20 suggesting that the 107.26-

TCID50 dose used in this study may be approximating the maximum tolerated dose level.

Prior examinations have shown that primary poxvirus immunizations can result in higher 

magnitude antibody responses when followed by a protein boost.23,24 This study compared 

2 different schedules for delivering vCP1452 in combination with rgp120 protein (see Table 

1). Interestingly, Gag-specific binding antibody responses were similar across all groups, 

indicating that codelivery of rgp120 did not enhance or interfere with the antibody-inducing 

ability of vCP1452 alone. However, at the peak time point after the fourth vaccination, nAb 

responses were higher in those who received the earlier 0-, 1-, and 6-month rgp120 

vaccinations compared with those who did not receive rgp120 until 3 and 6 months. This 

small improvement in day 182 antibody levels is in contrast to the diminished T-cell 

response measured in that group, suggesting that simultaneous injection of a protein subunit 

may influence the T-cell priming afforded by a vaccine vector. This finding may be 

important for the design of future combination vaccine regimens.

The major focus of this vaccine concept was to induce HIV-specific CD8+ CTLs because of 

their role in controlling viral replication and disease progression. This trial was initiated at 

the time of a paradigm shift in the methods for measuring T-cell responses.26–33 The 

measurement of cytokine production in activated T cells was found to be a correlate of lytic 

activity as measured by the standard chromium51 release assay, leading to the development 

of IFNγ ELISpot assays that could be validated using cryopreserved cells.13 This study was 

the first to use this high-throughput platform in a relatively large-scale multicenter vaccine 

trial. Disappointingly, the CD8+ T-cell responses in this study were significantly lower than 

expected based on the responses observed with earlier generation canarypox products such 

as vCP205. The ELISpot assay responses were highest in the group that received rgp120 at 

months 3 and 6 in combination with vCP1452, but these responses were at a level 

substantially lower than what was required to advance to a predesigned test-of-concept 

immune correlates trial.

In addition to genes encoding HIV antigens, the vCP1452 vector expresses the vaccinia E3L 

and K3L genes, with properties that may influence antigen expression and presentation 

efficiencies. E3L and K3L inhibit the IFN-induced, double-stranded, RNA-activated protein 

kinase, PKR. The expression of these genes can also inhibit apoptosis, which may permit 

prolonged protein expression in human cells;9 their inclusion was intended to improve the 

overall level of immunogenicity. It is possible, however, that inhibition of apoptosis and 

other IFN-induced effects may have altered HIV antigen presentation directly or through 
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reduced cross-priming. This may explain why the frequency of HIV-specific CTL responses 

was even lower in this study than in studies evaluating the vCP205 construct lacking the 

E3L and K3L genes.

The design of phase 2 trials is inextricably linked to the goals of subsequent phase 3 efficacy 

evaluation. The efficacy trial planned for vCP1452 with or without rgp120 was a test-of-

concept study designed to determine whether a vaccine-induced immune response was 

correlated with the prevention or control of early HIV-1 infection. Three major factors were 

required for the test-of-concept analysis: (1) adequate enrollment of high-risk subjects to 

ensure accumulation of sufficient infection events, (2) a minimal level of vaccine-induced 

efficacy, and (3) a sufficiently high frequency of measurable vaccine-induced immune 

responses. The first factor is a function of trial site capacity and resources, and the second 

factor is only known by performing the efficacy trial. Providing data for the third factor was 

the primary purpose of this phase 2 evaluation. The efficacy trial planned for vCP1452 

required a vaccine-induced CD8+ CTL frequency of at least 30%. To ensure that the 

response would be sufficient to define a correlate of immunity, a 42% point estimate was 

needed with a lower bound of the 95% confidence interval above 30%. Because this level of 

vaccine-induced CD8+ CTLs was not observed in this trial, plans for the test-of-concept trial 

were abandoned. Although it is still possible that the canarypox vaccine would demonstrate 

some level of efficacy not correlated with the IFNγ ELISpot response (as suggested in a 

recently published ALVAC–simian immunodeficiency virus [SIV] infant macaque study34), 

the immune responses were not measurable in high enough frequency in phase 2 to establish 

the correlate of immunity in the designed test-of-concept trial. A recombinant vCP205-like 

canarypox vector vaccine (vCP1521) that contains subtype E env but lacks the vaccinia E3L 

and K3L sequences is being given with a protein boost (AIDSVAX B/E) in an efficacy trial 

currently underway in Thailand, however, which may be able to answer this question.
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Appendix

Additional Safety Data

Table A1 provides additional safety data.
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TABLE A1A

Maximum Local Reactogenicity After ALVAC Vaccination in Left Arm*

Group

ALVAC Alone ALVAC + AIDSVAX Combined Placebo

Local Reactions A (n = 120) B (n = 60) C (n = 60) D (n = 90)

Maximum pain or tenderness

 None 3 (3%) 0 (0%) 1 (2%) 32 (36%)

 Mild 53 (44%) 32 (53%) 37 (62%) 49 (54%)

 Moderate 63 (53%) 27 (45%) 22 (37%) 9 (10%)

 Severe 1 (1%) 1 (2%) 0 (0%) 0 (0%)

 P† <0.01 <0.01 <0.01 n/a

Maximum erythema or induration

 None 93 (78%) 45 (75%) 47 (78%) 84 (93%)

 0.01−10.00 cm2 17 (14%) 8 (13%) 9 (15%) 6 (7%)

 10.01−25.00 cm2 6 (5%) 3 (5%) 3 (5%) 0 (0%)

 >25.00 cm2 4 (3%) 4 (7%) 1 (2%) 0 (0%)

 P† <0.01 <0.01 <0.01 n/a

Lymph nodes

 None 116 (97%) 58 (97%) 57 (95%) 89 (99%)

 0.1−1.4 cm 2 (2%) 1 (2%) 1 (2%) 1 (1%)

 1.5−3.0 cm 2 (2%) 1 (2%) 2 (3%) 0 (0%)

 >3.0 cm 0 (0%) 0 (0%) 0 (0%) 0 (0%)

 P† 0.30 0.47 0.23 n/a

n/a indicates not applicable.
*
ALVAC injections were given in the left arm only.

†
Pairwise differences between the vaccine and placebo groups were tested using the 2-sided Kruskal-Wallis test, where 

differences were considered to be statistically significant if P ≤ 0.05.

TABLE A1B

Maximum Local Reactogenicity After AIDSVAX Vaccination in Right Arm*

Group

ALVAC Alone ALVAC + AIDSVAX Combined Placebo

Local Reactions A (n = 120) B† (n = 60) C‡ (n = 60) D (n = 90)

Maximum pain or tenderness

 None 15 (13%) 3 (5%) 3 (5%) 8 (9%)

 Mild 70 (58%) 40 (67%) 42 (70%) 65 (72%)

 Moderate 35 (29%) 16 (27%) 15 (25%) 17 (19%)

 Severe 0 (0%) 1 (2%) 0 (0%) 0 (0%)

 P§ 0.35 0.13 0.26 n/a

Maximum erythema or induration

 None 110 (92%) 49 (82%) 51 (85%) 77 (86%)

 0.01−10.00 cm2 8 (7%) 7 (12%) 5 (8%) 13 (14%)
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Group

ALVAC Alone ALVAC + AIDSVAX Combined Placebo

Local Reactions A (n = 120) B† (n = 60) C‡ (n = 60) D (n = 90)

 10.01−25.00 cm2 1 (1%) 2 (3%) 1 (2%) 0 (0%)

 >25.00 cm2 1 (1%) 2 (3%) 3 (5%) 0 (0%)

 P§ 0.18 0.39 0.82 n/a

Lymph nodes

 None 115 (96%) 59 (98%) 56 (93%) 89 (99%)

 0.1−1.4 cm 4 (3%) 0 (0%) 1 (2%) 1 (1%)

 1.5−3.0 cm 1 (1%) 1 (2%) 3 (5%) 0 (0%)

 >3.0 cm 0 (0%) 0 (0%) 0 (0%) 0 (0%)

 P§ 0.22 0.76 0.04 n/a

n/a indicates not applicable.
*
AIDSVAX injections were given in the right arm only.

†
Participants in group B received 2 injections of the AIDSVAX placebo (months 0 and 1) and 2 injections of the rgp120 

vaccine (months 3 and 6) in the right arm.
‡
Participants in group C received 3 injections of the rgp120 vaccine (months 0, 1, and 6) and 1 injection of the AIDSVAX 

placebo (month 3) in the right arm.
§
Pairwise differences between the vaccine and placebo groups were tested using the 2-sided Kruskal-Wallis test, where 

differences were considered to be statistically significant if P ≤ 0.05.

TABLE A1C

Maximum Systemic Reactogenicity After Vaccination

Group

ALVAC Alone ALVAC + AIDSVAX Combined Placebo

Systemic Reactions A (n = 120) B (n = 60) C (n = 60) D (n = 90)

Maximum systemic reaction

 None 22 (18%) 20 (33%) 20 (33%) 31 (34%)

 Mild 56 (47%) 27 (45%) 21 (35%) 38 (42%)

 Moderate 41 (34%) 12 (20%) 15 (25%) 21 (23%)

 Severe 1 (1%) 1 (2%) 4 (7%) 0 (0%)

 P* 0.01 1.00 0.39 n/a

Maximum temperature (°C)

 <37.8 101 (84%) 51 (85%) 54 (90%) 85 (94%)

 37.8−38.2 13 (11%) 7 (12%) 6 (10%) 4 (4%)

 38.3−38.8 3 (3%) 2 (3%) 0 (0%) 1 (1%)

 ≥38.9 3 (3%) 0 (0%) 0 (0%) 0 (0%)

 P* 0.02 0.07 0.35 n/a

n/a indicates not applicable.
*
Pairwise differences between the vaccine and placebo groups were tested using the 2-sided Kruskal-Wallis test, where 

differences were considered to be statistically significant if P ≤ 0.05.
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FIGURE 1. 
nAbs against HIV-1MN in peripheral blood measured by vital dye neutralization assay. 

Antibody levels are expressed as log titers by day within group. Each box plot displays the 

25th percentile, the median, and the 75th percentile. The whiskers on each box plot show the 

fifth and 95th percentiles, and n equals the number of subjects tested in each group at each 

time point. Titers <10 were set equal to 5 for computations. Pairwise differences between 

treatment groups were tested using the 2-sided nonparametric Wilcoxon rank sum test. 

When compared with placebo, statistically significant differences (*P ≤ 0.01) were detected 

in all vaccine groups at days 98, 182, and 364 and in group C at day 42.
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TABLE 3

CD8+ CTL Responses to Any HIV Antigen Detected via Chromium Release Assay at Day 98 or Day 182*

A. Cumulative

Group Observed Cumulative Response† NPMLE Cumulative Response‡ NPMLE Net Cumulative Response 95% CI

A 34/106 = 32% 38% 18% (3% to 32%)

B 16/47 = 34% 45% 24% (5% to 43%)

C 15/49 = 31% 37% 16% (2% to 35%)

B and C 31/96 = 32% 40% 20% (6% to 35%)

D 13/73 = 18% 21% n/a n/a

B. Point Prevalence

Group Day Response Net Response§ (95% CI)

A 98 23/87 = 26% 14% (−2 to 30%)

182 15/77 = 19% 9% (−7% to 26%)

B 98 11/37 = 30% 17% (−3% to 36%)

182 5/37 = 14% 3% (−16% to 24%)

C 98 8/42 = 19% 6% (−13% to 26%)

182 7/38 = 18% 8% (−11% to 28%)

B and C 98 19/79 = 24% 11% (−5% to 28%)

182 12/75 = 16% 6% (−11 to 23%)

D 98 8/63 = 13% n/a

182 6/58 = 10% n/a

n/a indicates not applicable.

*
Indicates response to “any HIV antigen” is defined as a response to any of the Env-, Gag-, Pol-, or Nef-expressing recombinant vaccinia vectors 

used in the assay.

†
Observed cumulative response rates included any positive responses detected on day 98 and/or day 182.

‡
Because traditional probabilities based on observed cumulative rates tend to be biased and underestimate response, standard optimization 

techniques were used to obtain NPMLEs of cumulative response rates.19

§
For each vaccine group, net point prevalence response rates were computed by subtracting the placebo group response rate and were considered to 

be statistically significant if the corresponding 95% CI did not include 0.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2008 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Russell et al. Page 19

T
A

B
L

E
 4

C
D

8+
 a

nd
 C

D
4+

 I
FN

γ 
E

L
IS

po
t A

ss
ay

 T
-C

el
l R

es
po

ns
es

 to
 A

ny
 H

IV
 A

nt
ig

en
 a

t D
ay

 9
8 

or
 D

ay
 1

82
*

A
. C

um
ul

at
iv

e

C
D

8+
C

D
4+

G
ro

up
O

bs
er

ve
d 

C
um

ul
at

iv
e 

R
es

po
ns

e†
N

P
M

L
E

 C
um

ul
at

iv
e 

R
es

po
ns

e‡
N

P
M

L
E

 
N

et
 

C
um

ul
at

iv
e 

R
es

po
ns

e

95
%

 C
I

O
bs

er
ve

d 
C

um
ul

at
iv

e 
R

es
po

ns
e

N
P

M
L

E
 C

um
ul

at
iv

e 
R

es
po

ns
e

N
P

M
L

E
 

N
et

 
C

um
ul

at
iv

e 
R

es
po

ns
e

95
%

 C
I

A
25

/1
01

 =
 2

5%
28

%
13

%
(−

1%
 to

 2
6%

)
7/

11
3 

=
 6

%
7%

1%
(−

7%
 to

 9
%

)

B
17

/4
8 

=
 3

5%
38

%
23

%
(6

%
 to

 4
0%

)
10

/5
3 

=
 1

9%
20

%
15

%
(3

%
 to

 2
8%

)

C
11

/5
0 

=
 2

2%
24

%
9%

(−
7%

 to
 2

6%
)

5/
55

 =
 9

%
10

%
4%

(−
5%

 to
 1

5%
)

B
 a

nd
 C

28
/9

8 
=

 2
9%

31
%

16
%

(2
%

 to
 2

9%
)

15
/1

08
 =

 1
4%

15
%

9%
(0

%
 to

 1
8%

)

D
8/

62
 =

 1
3%

15
%

n/
a

n/
a

4/
78

 =
 5

%
6%

n/
a

n/
a

B
. P

oi
nt

 P
re

va
le

nc
e

C
D

8+
C

D
4+

G
ro

up
D

ay
R

es
po

ns
e

N
et

 R
es

po
ns

e§
 (

95
%

 C
I)

R
es

po
ns

e
N

et
 R

es
po

ns
e 

(9
5%

 C
I)

A
98

15
/9

0 
=

 1
7%

9%
 (

−
7 

to
 2

6%
)

3/
10

3 
=

 3
%

N
/A

18
2

13
/7

6 
=

 1
7%

9%
 (

−
8%

 to
 2

6%
)

5/
97

 =
 5

%
2%

 (
−

10
%

 to
 1

7%
)

B
98

15
/4

2 
=

 3
6%

28
%

 (
8%

 to
 4

7%
)

6/
49

 =
 1

2%
9%

 (
−

6%
 to

 2
7%

)

18
2

7/
42

 =
 1

7%
9%

 (
−

11
%

 to
 2

9%
)

5/
48

 =
 1

0%
7%

 (
−

8%
 to

 2
5%

)

C
98

6/
44

 =
 1

4%
6%

 (
−

13
%

 to
 2

6%
)

3/
52

 =
 6

%
3%

 (
−

11
%

 to
 2

0%
)

18
2

7/
42

 =
 1

7%
9%

 (
−

11
%

 to
 2

9%
)

3/
50

 =
 6

%
3%

 (
−

11
%

 to
 2

0%
)

B
 a

nd
 C

98
21

/8
6 

=
 2

4%
17

%
 (

0%
 to

 3
3%

)
9/

10
1 

=
 9

%
6%

 (
−

6%
 to

 2
0%

)

18
2

14
/8

4 
=

 1
7%

9%
 (

−
8 

to
 2

6%
)

8/
98

 =
 8

%
5%

 (
−

8%
 to

 2
0%

)

D
98

4/
53

 =
 8

%
n/

a
2/

72
 =

 3
%

n/
a

18
2

4/
50

 =
 8

%
n/

a
2/

68
 =

 3
%

n/
a

n/
a 

in
di

ca
te

s 
no

t a
pp

lic
ab

le
.

* R
es

po
ns

e 
to

 “
an

y 
H

IV
 a

nt
ig

en
” 

is
 d

ef
in

ed
 a

s 
a 

re
sp

on
se

 to
 a

ny
 o

f 
th

e 
E

nv
, G

ag
, P

ol
, o

r 
N

ef
 p

ep
tid

e 
po

ol
s 

us
ed

 in
 th

e 
as

sa
y.

† O
bs

er
ve

d 
cu

m
ul

at
iv

e 
re

sp
on

se
 r

at
es

 in
cl

ud
ed

 a
ny

 p
os

iti
ve

 r
es

po
ns

es
 d

et
ec

te
d 

on
 d

ay
 9

8 
an

d/
or

 d
ay

 1
82

.

‡ B
ec

au
se

 tr
ad

iti
on

al
 p

ro
ba

bi
lit

ie
s 

ba
se

d 
on

 o
bs

er
ve

d 
cu

m
ul

at
iv

e 
ra

te
s 

te
nd

 to
 b

e 
bi

as
ed

 a
nd

 u
nd

er
es

tim
at

e 
re

sp
on

se
, s

ta
nd

ar
d 

op
tim

iz
at

io
n 

te
ch

ni
qu

es
 w

er
e 

us
ed

 to
 o

bt
ai

n 
N

PM
L

E
s 

of
 c

um
ul

at
iv

e 
re

sp
on

se
 

ra
te

s.
19

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2008 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Russell et al. Page 20
§ Fo

r 
ea

ch
 v

ac
ci

ne
 g

ro
up

, n
et

 p
oi

nt
 p

re
va

le
nc

e 
re

sp
on

se
 r

at
es

 w
er

e 
co

m
pu

te
d 

by
 s

ub
tr

ac
tin

g 
th

e 
pl

ac
eb

o 
gr

ou
p 

re
sp

on
se

 r
at

e 
an

d 
w

er
e 

co
ns

id
er

ed
 to

 b
e 

st
at

is
tic

al
ly

 s
ig

ni
fi

ca
nt

 if
 th

e 
co

rr
es

po
nd

in
g 

95
%

 C
I 

di
d 

no
t i

nc
lu

de
 0

.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2008 May 01.


