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STANDARD ANTIRETROVIRAL

therapies (ARTs) inhibit criti-
cal viral enzymes and lead to
lower levels of human immu-

nodeficiency virus (HIV) RNA.1-3 Im-
proved function of the immune sys-
tem, including increases in CD4 cell
counts, coincides with the reduction in
HIV RNA and with longer survival.4-8

The decrease in viral load and the in-
crease in CD4 cell counts are accepted
surrogates for reduction in disease pro-
gression with ART.9-11 A complemen-
tary strategy to reduce disease progres-
sion involves identifying agents that
may directly improve the immune sys-
tem’s function. An improved immune
system may lead to reduced viral rep-
lication.12

One strategy to boost the immune
system’s ability to reduce disease pro-
gression includes administering small
amounts of viral antigens to enhance
the immune system’s control over vi-
ral replication.13-15 Referred to as thera-
peutic vaccination or immunization,
this strategy was considered a low-
cost, well-tolerated, practical solution
to supply the immune system with tar-
geted antigens necessary to boost im-
mune responses that may have waned

to reassert control over viral replica-
tion. However, this strategy is contro-
versial.16,17 Studies of therapeutic im-
munizations report only modest
changes in surrogate markers.18-20 Thus,
for therapeutic vaccination, surrogate
markers would not substitute for clear
evidence of reduced clinical disease pro-
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Context Despite enormous improvements achieved through the use of antiretrovi-
ral therapies (ARTs), the risk for eventual human immunodeficiency virus (HIV) dis-
ease progression remains high. Agents that enhance the immunologic mechanism for
viral recognition might reduce disease progression.

Objective To determine whether the addition of HIV-1 Immunogen would confer
added clinical efficacy to that achievable by ARTs.

Design and Setting Multicenter, double-blind, placebo-controlled, randomized trial
beginning March 1996 and ending May 1999 conducted at 77 centers in the United
States providing primary care or referral care for persons infected with HIV.

Patients Adults infectedwithHIVwhohavebaselineCD4cellcountsbetween3003106/L
and5493106/Lwithoutprior acquired immunodeficiency syndrome–definingconditions
receiving stable ART (or no therapy) were screened and 2527 were randomized.

Interventions Ten units of HIV-1 Immunogen, derived from a Zairian HIV isolate,
inactivated and formulated with incomplete Freund adjuvant, was administered in-
tramuscularly every 12 weeks. The placebo was incomplete Freund adjuvant. Changes
in ARTs were allowed.

Main Outcome Measures HIV progression-free survival; secondary end points in-
cluded overall survival, changes in HIV RNA, CD4 cell counts, CD4 percentage, body
weight, and immunogenicity.

Results The overall event rate was 1.8 per 100 person-years of follow-up. Fifty-
three subjects developed clinical progression in each treatment group (relative risk [RR],
0.97; 95% confidence interval [CI], 0.66-1.42; P=.89). There were 19 and 23 deaths
in the placebo and HIV-1 Immunogen groups, respectively (RR, 0.81; 95% CI, 0.44-
1.48; P=.49). There were no statistically significant differences between the groups
with respect to changes in HIV RNA (P=.59), CD4 percentage (P=.63), or body weight
(P=.89). Subjects in the HIV-1 Immunogen group had an increase in average CD4
cell count of approximately 103106/L greater than the placebo group (P=.02).

Conclusion HIV-1 Immunogen with unrestricted ART failed to demonstrate an in-
crease in HIV progression-free survival.
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gression and a study with clinical end
points to demonstrate activity for this
treatment strategy.

In early human studies, HIV-1 Im-
munogen (a whole inactivated HIV iso-
late stripped of envelope proteins and
conjugated with incomplete Freund ad-
juvant [IFA]) increased immune re-
sponses, but the surrogate marker data
were inconsistent and plasma HIV re-
duction was not observed.21-25 Treat-
ment with HIV-1 Immunogen was an
unlikely replacement for ARTs, but it
was hypothesized that it would con-
tribute to overall control of HIV repli-
cation and to enhance immune mecha-
nisms so that disease progression would
be reduced. It was further hypoth-
esized that HIV-1 Immunogen might be
most effective among persons with a
more intact immune system resulting
from ART. To assess the clinical effi-
cacy of HIV-1 Immunogen, we con-
ducted a large clinical study of whether
HIV-1 Immunogen, when adminis-
tered with ART, could reduce disease
progression among persons infected
with HIV relative to that achievable by
ART alone.

METHODS
Study Design

Study 806 was a multicenter, double-
blind, placebo-controlled, random-
ized clinical trial comparing HIV-1 Im-
munogen to placebo among persons
infected with HIV who had CD4 cell
counts between 300 and 5493106/L
and who were receiving stable ART or
not receiving ART. The goal of the study
was to determine whether the addi-
tion of HIV-1 Immunogen to ART
would enhance efficacy compared with
that achievable by ART alone.

Participants
Men and nonpregnant women with-
out a previous acquired immunodefi-
cency syndrome (AIDS)–defining con-
dition (except Kaposi sarcoma),
without an acute illness in the past 30
days, and without a previous malig-
nancy were enrolled into this study. All
participants signed an informed con-
sent document and were required to

have the following characteristics: age
of at least 18 years; detectable HIV
antibodies with an enzyme-linked
immmunosorbent assay antibody test
and confirmed with Western blot; a
CD4 cell count between 300 and
5493106/L or a mean CD4 cell count
between 300 and 5493106/L from 2
CD4 cell measurements taken no more
than 1 month apart and performed
within 30 days prior to study random-
ization; a hemoglobin level greater than
90 g/L (women) or 100 g/L (men)
within 30 days prior to study; plate-
lets at least 753109/L; absolute neu-
trophil cel l count greater than
7.53109/L, serum alanine level 5 times
greater than the normal upper limit, and
a creatinine level less than 2 times the
normal upper limit; and taking ap-
proved or investigational agents for at
least 30 days and not receiving any in-
vestigational vaccine or immune-
based therapy for 3 months prior to
study entry.

Interventions
HIV-1 Immunogen and Placebo. The
HIV-1 Immunogen was derived from a
Zairian HIV isolate (HZ321) subtype M
and HUT-78 cell line.26 The HIV-1 Im-
munogen was chemically and physi-
cally inactivated as previously de-
scribed.21-23 Western blot analyses
indicate that all HIV proteins and gly-
coproteins are present, although gp160
and gp120 are in trace amounts only.
The host cell membrane proteins are
also present. The HIV-1 Immunogen is
formulated with IFA. Ten units of the
HIV-1 Immunogen were administered
as an intramuscular injection every 12
weeks. The placebo consisted of IFA
without HIV proteins. The HIV-1 Im-
munogen (Remune; Immune Re-
sponse Corp [IRC], Carlsbad, Calif) and
placebo were manufactured and pro-
vided by the study sponsor as single-
dose prefilled syringes.

ART and Concomitant Medica-
tions. All approved or investigational
ARTs were allowed. Use of any experi-
mental antiviral drugs and disease-
modifying concomitant medications,
specifically any experimental drug di-

rected primarily or secondarily as treat-
ment for HIV was also allowed. Im-
munomodulators and experimental
vaccines were not allowed. Prophy-
laxis for patients with Pneumocystis ca-
rinii pneumonia and CD4 cell counts
of less than 2003106/L; prophylaxis for
Mycobacterium avium-intracellulare
when the CD4 cell counts are less than
753106/L; oral ganciclovir for cyto-
megalovirus prevention when CD4 cell
counts are below 503106/L; and anti-
fungal therapy for prophylaxis or treat-
ment were all allowed. Other medica-
tions as deemed medically necessary by
the clinician were also allowed.

Enrollment and Study Measure-
ments. After consent was obtained and
within 30 days prior to receiving the first
injection, each subject’s medical his-
tory was reviewed, a physical examina-
tion was performed, and laboratory stud-
ies were performed to assess study
eligibility. Subjects meeting all the in-
clusion criteria were randomized in equal
proportions to either the HIV-1 Immu-
nogen or placebo group. The random-
ization was stratified by CD4 cell count
(,4003106/L vs .3993106/L), base-
line ART (no current or previous ART,
no current but previous ART, zidovu-
dine monotherapy, zidovudine in com-
bination with other ARTs, mono-
therapy or combination ART involving
didanosine, zalcitabine, stavudine, or la-
mivudinebutnotzidovudine,other), and
disease stage (asymptomatic vs symp-
tomatic)usingpermutedblocks,withdy-
namic balancing by site.

Injections were administered intra-
muscularly at day 1 and then at ap-
proximately every 12 weeks for a total
of 13 planned vaccinations. At each
visit, subjects were monitored with a
physical examination. Assessment of
HIV disease was performed and a di-
ary card to assess reactogenicity of the
injection was provided. The CD4 cell
count, plasma for HIV RNA determi-
nation, and safety laboratory evalua-
tions were to be performed every 24
weeks and at the time of suspected clini-
cal progression. In addition, at the time
of randomization, a randomly se-
lected 10% subset of subjects was iden-
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tified to have blood samples drawn for
immunologic and virologic assays at 12-
week intervals instead of the usual 24-
week intervals for helping to evaluate
whether immunologic or virologic
markers fulfilled the criteria of surro-
gate markers. Apart from the more fre-
quent collection of blood samples, this
group was seen and evaluated accord-
ing to the same procedures as all other
subjects. It was not clear at the outset
what viral load assay was to be used or
how many stored blood samples were
to be assayed for viral load. Ulti-
mately, the sponsor performed post-
baseline HIV RNA determinations on
approximately 88% of all randomized
subjects. The HIV RNA determina-
tions were performed using the Roche
ultrasensitive assay. Lymphocyte pro-
liferation assays were performed as pre-
viously documented on 224 partici-
pants at baseline, but only 141 patients
had results at baseline, week 24, and
week 48 to compare groups for immu-
nogenicity.25

Efficacy End Points
The primary efficacy end point for this
study was initially defined to be AIDS-
free survival; ie, time to the develop-
ment of AIDS-defining opportunistic in-
fections or death, whichever occurs first.
For reasons described below, the defi-
nition of the primary end point—
hereafter referred to as HIV progression-
free survival—was expanded to include
aspergillosis infection; disseminated Bar-
tonella henselae infection; blastomyco-
sis; invasive candidiasis; cytomegalovi-
rus encephalitis; cytomegalovirus
syndromes; cryptococcal meningitis;
mucocutaneous herpes simplex; Ka-
posi sarcoma; microsporidiosis (non-
AIDS); mucormycosis; HIV-associated
myopathy (non-AIDS); pulmonary,
brain, or disseminated nocardiosis (non-
AIDS); extrapulmonary pneumocysto-
sis; non–central nervous system toxo-
plasmosis; disseminated herpes zoster;
recurrent oropharyngeal candidiasis; and
recurrent localized varicella zoster.

The clinical end point committee
(J.K., K.M., and H.M. were voting mem-
bers) evaluated all clinical events in a

blinded fashion and end points were de-
termined by unanimous decision. Sub-
jects continued to receive blinded treat-
ment and study procedures until clinical
end point confirmation was received
from the clinical end point commit-
tee. If a subject permanently dis-
continued treatment and study pro-
cedures, research staff attempted
telephone or letter contact every 3
months. All study subjects who dis-
continued treatment were followed up
to ascertain disease progression and vi-
tal status.

Secondary efficacy end points avail-
able for analysis in this report include
overall survival, changes in HIV-RNA,
CD4 cell count, CD4 percentage, p24
antibody titers, body weight, and im-
munogenicity. Additionally, during the
conduct of the study and prior to any
examination of results, a virologic sub-
study was defined to assess whether
HIV-1 Immunogen would prolong time
to virologic failure in the subset of pa-
tients who were virologically sup-
pressed at the time of enrollment. The
substudy consisted of those patients
who, at the time of randomization, were
receiving at least 3 antiretroviral medi-
cations, including 1 protease inhibitor
(PI), and having an HIV RNA level of
less than 400 copies/mL. Virologic fail-
ure was defined as either the addition
of 2 new antiretroviral agents or an in-
crease in viral load to more than 500
copies/mL (baseline HIV RNA ,50 cop-
ies/mL) or to more than 2000 cop-
ies/mL (baseline HIV RNA between 50
and 400 copies/mL). Three secondary
analyses were also prospectively de-
fined for the virologic substudy for pa-
tients receiving at least 2 ARTs at base-
line or patients with fewer than 50 viral
copies/mL, or both.

Roles of the Sponsor, Clinical
Research Organization,
and Study Team Leadership
The IRC contracted with the study chair
(J.K.), study statistician (S.L.), and co-
chairs (K.M. and H.M.) to indepen-
dently conduct and analyze this study.
The study team consisted of the study
chair, study statistician, study co-

chairs, a protocol statistician (D.W.),
and a representative of the sponsor. The
IRC assembled the data safety moni-
toring board (DSMB) with approval
from the study team leadership (J.K.
and S.L.). The final interpretation of the
study results and responsibility for pre-
paring the results for publication was
determined to be the responsibility of
the study team leadership.

The IRC provided all financial sup-
port for the study and coordinated the
medical monitoring of sites. The IRC
contracted with Quintiles Inc (Durham,
NC), a clinical research organization re-
sponsible for data management and labo-
ratory data. When a patient was deemed
to be eligible for the trial and had pro-
vided consent, Quintiles contacted an in-
dependent organization to confirm eli-
gibility and obtain a (blinded) treatment
assignment. No information is avail-
able on the total number of patients who
were screened but not enrolled into the
study. For patients who were random-
ized, information collected at study vis-
its was captured by site monitors and
centrally reviewed and processed by
Quintiles, who provided a copy of the
database to the study team prior to each
DSMB meeting. When a patient was
found to have a suspected clinical end
point, IRC and Quintiles arranged for a
description of the circumstances of the
event. The end point was sent to the
clinical end point committee for evalu-
ation. The IRC performed all viral load
and lymphocyte proliferation assays,
were blinded to treatment assignment,
and provided these data to the study
team in advance of each DSMB meet-
ing. A final batch of viral load results was
processed by the sponsor following the
recommended termination of the study
by the DSMB (and after the study was
unblinded) and provided to the study
team in September 1999.

Statistical Analysis
The study was designed to detect a 50%
greater risk of clinical progression in the
control group compared with the HIV-1
Immunogen group with 90% power,
based on a 2-sided test at the .05 sig-
nificance level and a 6% annual rate of
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clinical progression in the control
group. This required 1098 subjects per
group, followed up for an average of 2.5
years. Increasing this sample size by
14% to account for the attenuating ef-
fects of dropouts and for the multiplic-
ity of 3 planned interim analyses gave
a sample size of 1250 subject per arm,
or a total of 2500 subjects.

The Wilcoxon test and Fisher exact
test were used to compare treatment
groups with respect to baseline charac-
teristics.Withrespect to theprimaryeffi-
cacy outcome, the prespecified pri-
mary analysis compared the treatment
groups’ HIV progression-free survival
using the stratified log-rank test, with
stratification by disease stage (symp-
tomatic vs asymptomatic) and CD4 cell
count (,4003106/L vs .3993106/L)
at the time of randomization. Kaplan-
Meier curves were used to display the
distributionofHIVprogression-free sur-
vival by treatment group. Subjects who
had not yet developed a primary end
point or were lost to follow-up by the
time of the last diagnosed primary end
point (July 3, 1999) were censored at
this time point. The estimated placebo
toHIV-1Immunogenrelativerisks(RRs)
and associated 95% confidence inter-
vals (CIs)wereobtained fromfittingCox
stratified proportional hazards model.
Secondary analyses of the primary effi-
cacy end point include unstratified log-
rank tests and comparisons adjusting for
baseline covariates using Cox propor-
tional hazards regression model. Time
until death, duration of treatment, time
until loss to follow-up, time to viro-
logic failure, and time until changing
ART were analyzed using the Kaplan-
Meier estimator and log-rank test.

The protocol-specified compari-
sons of the HIV-1 Immunogen and con-
trol groups with respect to changes in
CD4 cell counts, percentage of CD4-
bearing lymphocytes, and plasma as-
sociated HIV RNA were based on the
summary statistic approach,27 in which
a slope was estimated from each sub-
ject’s log-transformed values. Analy-
sis of body weight changes was also
based on the summary statistic ap-
proach, but without log-transformed

values and using the normalized area-
under-the-curve metric instead of the
slope. The resulting sets of values for
the 2 groups were then compared us-
ing a nonparametric test such as the
Wilcoxon or van der Waerden test.27,28

The protocol did not specify which of
these tests would be used, so we focus
on the Wilcoxon test because it was the
more common; however, similar re-
sults were obtained using the van der
Waerden test. Additional analyses of
these secondary end points were based
on using the slope metric for body
weight and the area-under-the-curve
metric for HIV RNA, CD4 cell count,
and CD4 percentage. Time to the first
grade 3 or worse laboratory and clini-
cal abnormality were assessed using the
log-rank test by censoring informa-
tion at the visit following last blinded
inoculation. All efficacy analyses used
the intent-to-treat approach and all re-
ported P values were 2-sided. Because
of the conservative spending function
used to assess the primary end point
during the interim analysis, no adjust-
ment was made of the P value for the
comparison of groups with respect to
the primary end point in this final analy-
sis. All reported P values for the sec-
ondary end points were unadjusted for
multiplicity of tests.

Interim Monitoring
Three interim efficacy/safety analyses
were scheduled for presentation to the
DSMB when approximately 25%, 50%,
and 75% of the total expected number
of primary end points occurred in the
placebo group. The Lan-DeMets pro-
cedure, using an O’Brien-Fleming
spending function, was used to pro-
vide guidelines for terminating the trial
due to differences between the HIV-1
Immunogen and control group with re-
spect to HIV progression.29

In addition, a preplanned initial
DSMB meeting was held in March 1997
to assess accrual rates, adverse events,
and the logistics of the study, but not
efficacy. At this initial DSMB meeting,
the DSMB noted that the increased use
of PIs could lead to lower clinical pro-
gression or death rates than were an-

ticipated when the protocol was de-
signed. Following the meeting, the
study team, the DSMB, and the spon-
sor discussed this issue in detail and de-
cided to expand the list of diagnoses
that would qualify as a primary end
point. This expanded definition was
proposed and approved by the DSMB
prior to unblinded examination of the
efficacy data. The first DSMB meeting
comparing disease progression in the
HIV-1 Immunogen and control groups
took place in June 1998, and the DSMB
recommended that the study be con-
tinued. In March 1999, the DSMB ap-
proved the virologic substudy pro-
posed by the study team and sponsor,
with the intent that it be presented at
the second DSMB meeting.

In May 1999, following the second
DSMB meeting to evaluate efficacy, the
DSMB recommended that the trial be
terminated. The study chair and spon-
sor were presented the study results and
notified of their recommendation on
May 15, 1999. The basis for the rec-
ommendation was the lack of evi-
dence of a difference between the HIV-1
Immunogen group and the control
group with respect to clinical progres-
sion and that continuation of the study
was unlikely to lead to a demonstrable
difference between the groups. The lack
of a clinical difference was consistent
with the lack of any prespecified mean-
ingful effects on CD4 cell count, CD4
percentage, and HIV RNA.

Once it was decided to stop the study,
the final study database was to be made
available to the study team in Decem-
ber 1999, based on an update that in-
cluded the final patient visits in the
summer of 1999. However, we could
not obtain a complete and final data set
from the sponsor. Consequently, the re-
sults in this article are based on all in-
formation available to the study lead-
ership, consisting of the database used
to prepare the analyses for the May 1999
DSMB meeting, plus updated informa-
tion on clinical end points (confirmed
by July 3, 1999) and HIV RNA (all data
processed by September 1999). We es-
timate that we have 95% of the con-
firmed clinical progressions that would
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have been available in the final data-
base. In addition, while we have some
CD4 and body weight information on
virtually all randomized subjects, we es-
timate that these represent 75% to 80%
of the measurements that would have
been available in the final database, with
most of the missing values occurring
more than 2 years following random-
ization. Similarly, we estimate that the
final database would have included ap-
proximately 25% additional follow-up
time of subjects for clinical adverse
events and laboratory toxic effects.

RESULTS
A total of 2527 subjects from 77 sites
in the United States were randomized
between March 1996 and May 1997, of
whom 1262 were randomized to re-
ceive HIV-1 Immunogen and 1265 to
receive IFA placebo. The treatment
groups were well balanced with re-
spect to baseline information (TABLE 1).
At the time of randomization, 27% of
the subjects were not receiving ART, 5%
were receiving monotherapy, and 57%
were receiving combination ART (31%
of the total population were receiving
a PI). At the time of the final DSMB re-
port, 552 (22%) had discontinued as-
signed treatment and of these, 470 sub-
jects were lost to follow-up (FIGURE 1).
The annualized rates of voluntary treat-
ment discontinuation and loss to fol-
low-up were 10% and 8%, respec-
tively, and similar in the 2 groups. The
average follow-up time for clinical pro-
gression was 120 weeks.

FIGURE 2 gives the prevalence of ART
use during the study. The categories of
ARTs are those used in the DSMB re-
ports. During the course of the study,
the use of PIs increased from a base-
line prevalence of 31% to approxi-
mately 59%. Nearly 70% of the sub-
jects switched his/her type of ART by
48 weeks and the distributions of time
to change are similar between the 2
treatment groups (FIGURE 3A; P=.22).
The prevalence of ARTs used is simi-
lar in the 2 treatment groups, as is the
distribution of time to changing or add-
ing a HIV PI (Figure 3B). Approxi-
mately 40% of the subjects either added

or discontinued a PI within 48 weeks.
The average number of ARTs added was
3.2 (3.1 for those randomized to HIV-1
Immunogen and 3.2 for placebo). In
each treatment group, the number of
new ART added ranged from 1 to 11.

A total of 106 participants experi-
enced the primary end point of HIV
progression-free survival, of which 35
were deaths occurring prior to clinical
progression and 71 were opportunis-
tic infections or malignancies; the over-
all event rate was 1.8 per 100 person-
years of follow-up (TABLE 2). The
distribution of clinical disease progres-
sion by specific diagnosis is shown in
TABLE 3. The greatest number of cases
was observed among persons with re-
current oropharyngeal candidiasis
(n=13), probably an early marker of im-
mune dysfunction.

There was no evidence of a treat-
ment difference with respect to the pri-
mary efficacy end point (Table 3,
FIGURE 4). Of the 106 participants ex-
periencing a primary end point, 53 were
in the HIV-1 Immunogen group and 53

were in the control group (RR, 0.97;
95% CI, 0.66-1.42). Unstratified analy-
ses and regression analyses adjusting for
baseline characteristics gave similar re-
sults. Of the 53 progressions in the
HIV-1 Immunogen group, 20 were
deaths prior to an opportunistic infec-
tion or malignancy and 33 were an op-
portunistic infection or malignancy. For
the 53 progressions in the placebo

Figure 1. Profile of the Randomized Clinical
Trial

2527 Patients Randomized

1262 Assigned to Receive 
         HIV-1 Immunogen
         3 Never Began 
            Treatment

1265 Assigned to Receive 
         Placebo
         1 Did Not Receive 
            Placebo

1010 Followed-up, Mean 
         Follow-up 119 wk
         41 Discontinued 
              Treatment
  252 Lost to Follow-up

1047 Followed-up, Mean 
         Follow-up 121 wk
         41 Discontinued 
              Treatment
  218 Lost to Follow-up

Number of screened patients is unknown. HIV indi-
cates human immunodeficiency virus.

Table 1. Study Assignment for Final DSMB Review and Baseline Subject Characteristics*

HIV-1 Immunogen IFA Placebo Overall

No. of subjects 1262 1265 2527

Age, mean (SD), y 39 (8) 39 (9) 39 (8)

Weight, mean (SD), kg 78.8 (66.7) 77.9 (66.7) 78.3 (66.7)

Race, %
Black 15 14 14

White 70 70 70

Hispanic 13 14 13

Other 3 2 2

Male, % 86 87 87

CD4 cells, mean (SD), 3 106/L 414 (70) 414 (71) 414 (70)

CD4, mean (SD), % 25 (7) 25 (7) 25 (7)

HIV RNA, mean (SD), copies/mL log10 3.2 (1.1) 3.2 (1.1) 3.2 (1.1)

Baseline ART therapy, No. (%)
No ART 337 (27) 328 (26) 665 (26)

Other HIV therapies 5 (0.4) 2 (0.2) 7 (0.3)

ART involving nelfinavir, indinavir,
or ritonavir but not saquinavir

266 (21) 270 (21) 536 (21)

ART involving saquinavir 116 (9) 137 (11) 253 (10)

Combination therapy of at least
2 reverse transcriptase inhibitors,
including zidovudine, didanosine,
nevirapine, stavudine, and
lamivudine

457 (36) 468 (37) 925 (37)

Monotherapy with either didanosine,
zalcitabine, stavudine, or lamivudine

43 (3) 32 (2) 75 (3)

Zidovudine monotherapy 29 (2) 26 (2) 55 (2)

*DSMB indicates data safety monitoring board; HIV, human immunodeficiency virus; IFA, incomplete Freund adjuvant;
and ART, antiretroviral therapy.
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Figure 2. Prevalence of Antiretroviral Therapy by Treatment Group

Top to Bottom

No Antiretroviral Therapy

Other Human Immunodeficiency Virus 
Therapies

Antiretroviral Therapy Involving 
Nelfinavir, Indinavir, or Ritonavir but
Not Saquinavir

Antiretroviral Therapy Involving 
Saquinavir

Combination Therapy of at Least 2 
Reverse Transcriptase Inhibitors 
Including Zidovudine, Didanosine, 
Nevirapine, Stavudine, and Lamivudine

Monotherapy With Either Didanosine, 
Zalcitabine, Stavudine, or Lamivudine

Zidovudine Monotherapy
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Figure 3. Time to Change Antiretroviral Therapy (ART) and Protease Inhibitor (PI)
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group, the corresponding numbers were
15 and 38. There was no significant dif-
ference between the HIV-1 Immuno-
gen and control groups with respect to
overall mortality (Table 3). A total of
42 subjects died, of whom 23 were in
the HIV-1 Immunogen group and 19
were in the control group (RR, 0.81,
95% CI, 0.44-1.48; P=.49).

Some postrandomization HIV RNA
results were available for 2226 sub-
jects. There was no significant differ-
ence between the HIV-1 Immunogen
and control group with respect to
changes in viral load (P=.59). Similar
results were obtained when using the
van der Waerden test instead of the Wil-
coxon test and also when using the area-
under-the-curve summary statistic in-
stead of the slope. Using the slope
metric, the estimated mean change in
viral load at 1 year was a 0.30 log10 de-
cline for the HIV-1 Immunogen group
and a 0.31 log10 decline for the control
group. Based on the area-under-the-
curve metric, the average postbaseline
change in viral load was a decline of
0.32 log10 for the HIV-1 Immunogen
group and 0.31 log10 for the control
group (FIGURE 5A). For the virologic
substudy in subjects with undetect-
able viral load at baseline, a total of 435
subjects met the eligibility criteria. Of
these, 220 subjects (51%) experi-
enced a virologic end point, with 113
failures (51%) among the 220 as-
signed to HIV-1 Immunogen and 107
failures (50%) among the 215 as-
signed to placebo (P=.87). Among the
220 with virologic failure, the reason
for failure was a change in back-
ground ARTs in 143 (65%) (71 as-
signed to HIV-1 Immunogen and 72 as-
signed to placebo), and an increase in
viral load in 77 (35%) subjects (42 as-
signed to HIV-1 Immunogen and 35 to
placebo). The secondary analyses of the
substudy gave similar results.

Subjects in the HIV-1 Immunogen
group had a significantly greater in-
crease in CD4 cell count than those in
the control group (P=.02). The mean
number of CD4 cells in both treat-
ment groups increased between base-
line and week 48 values (Figure 5B),

with the increase in HIV-1 Immuno-
gen group being approximately 10 cells
greater than that in the control group.
There were no statistically significant
differences between the HIV-1 Immu-
nogen and control groups with re-
spect to CD4 percentage (Figure 5C;
P= .63) or body weight (Figure 5D;
P=.89). Comparisons of the 2 treat-
ment groups using the area-under-the-
curve metric (or the slope metric for
body weight) or using the van der
Waerden test instead of the Wilcoxon
test gave similar results.

The HIV-1 Immunogen elicited sig-
nificant immunogenicity. At least a
5-fold increase in the lymphocyte pro-
liferation assay to HIV and p24 anti-
gen at week 24 and 48 was observed in

45% and 34% of patients randomized
to HIV-1 Immunogen, respectively,
(95% CI, 31%-56%) compared with
1% and 1% in the control group (95%
CI, 21%-44%) (P,.001 for both
comparisons). The substudy of 250 pa-
tients with plasma samples obtained ev-
ery 12 weeks instead of every 24 weeks
was also analyzed. In this group, the un-
adjusted (for multiple tests) treat-
ment comparisons resulted in no sig-
nificant differences between the HIV-1
Immunogen and placebo groups with
respect to viral load (P=.14), CD4 cell
count (P = .71), CD4 percentage
(P=.74), and body weight (P=.64).

A total of 133 subjects experienced
laboratory toxic effects of grade 3, of
which 71 were in the HIV-1 Immuno-

Table 2. Clinical Progression and Death by Treatment Group*

HIV-1 Immunogen
(n = 1262)

IFA
Placebo

(n = 1265)
RR

(95% CI)
P

Value

Clinical progression
No. of adults who experienced

progression
53 53 0.97 (0.66-1.42) .89

Opportunistic infection
or malignancy

33 38

Deaths prior to infection
or malignancy

20 15

Rate per 100 person-years 1.8 1.8

Death†
No. of deaths 23 19 0.81 (0.44-1.48) .49

Rate per 100 person-years 0.8 0.7

*HIV indicates human immunodeficiency virus; IFA, incomplete Freund adjuvant; RR, relative risk; and CI, confidence
interval.

†All deaths, whether preceding or following opportunistic infection or malignancy.

Table 3. Patients With Clinical Disease Progression*

HIV-1 Immunogen
(n = 1262)

IFA
Placebo

(n = 1265) Overall

Recurrent oropharyngeal candidiasis 6 7 13

Lymphoma 5 5 10

Pneumocystis carinii pneumonia 1 8 9

Recurrent herpes simplex 4 4 8

Kaposi sarcoma 5 3 8

Wasting syndrome 1 4 5

Esophageal candidiasis 2 2 4

Recurrent pneumonia 2 2 4

Disseminated herpes zoster 1 2 3

Myobacterium other than
Mycobacterium tuberculosis

3 0 3

Recurrent varicella zoster 1 1 2

M tuberculosis 1 0 1

Cryptosporidiosis 1 0 1

*HIV indicates human immunodeficiency virus; IFA, incomplete Freund adjuvant.
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gen group and 62 were in the control
group (P=.37). The specific events that
occurred in more than 2% of partici-
pants were: arthralgia (44 in HIV-1 Im-
munogen group vs 34 in control group;
P=.25), depression (31 vs 32; P..99),
fatigue (104 vs 90; P=.30), headache
(96 vs 80; P=.21), hypokinesia (124 vs
59; P,.001), inflammation at the in-
jection site (40 vs 17; P,.001), mass
at the injection site (67 vs 23; P,.001),
myalgia (114 vs 67; P,.001), nausea
(38 vs 33; P=.55), and pain at the in-
jection site (221 vs 111; P,.001). A to-
tal of 98 (3.9%) subjects reported se-
vere (grade 4) clinical adverse events
(due to any cause), of whom 46 were
in the HIV-1 Immunogen group and 52
were in the control group (P=.61).

COMMENT
This was the first large-scale clinical trial
to determine if an immunologic modi-
fier, added into a background of ART
(including no ART), would reduce the
risk of clinical disease progression or
death. The results of this trial failed to
demonstrate that the addition of HIV-1
Immunogen to ART conferred any ef-
fect on HIV progression-free survival
relative to that achievable by ART alone.

The number of participants who expe-
rienced a primary end point (n=106),
though smaller than anticipated when
the study was designed, is still consid-
erable and, with the lack of any evi-
dence for a clinical improvement in the
HIV-1 Immunogen group, are ad-
equate to exclude a beneficial effect of
HIV-1 Immunogen of the magnitude
targeted when the study was de-
signed.

With respect to secondary efficacy end
points in this study, subjects random-
ized to HIV-1 Immunogen demon-
strated no significant improvement com-
pared with those randomized to placebo
with respect to mortality, HIV RNA, CD4
percentage, and body weight. Subjects
in the HIV-1 Immunogen group exhib-
ited a statistically significant improve-
ment in CD4 cell count relative to the
control group (P=.02). However, the
magnitude of the benefit to CD4 cell
counts conferred by HIV-1 Immuno-
gen (average of approximately
103106/L during the period of follow-
up) might not be large enough to be
clinically significant. Because of the
number of secondary end points ana-
lyzed, without adjustment of P values for
multiple comparisons, it is also pos-

sible that this difference was spurious.
The lack of evidence of a beneficial ef-
fect from HIV-1 Immunogen among the
435 subjects in the virologic substudy,
when baseline viral replication was at its
lowest levels, was particularly discour-
aging, and further (posthoc) evalua-
tion of these patients revealed no sig-
nificant differences with respect to any
of the following secondary efficacy mea-
sures: CD4 cell count (P=.39), CD4 per-
centage (P=.99), viral load (P=.35), and
body weight (P=.34).

This study provided the first infor-
mation regarding disease progression
among a large group of well-treated pa-
tients with CD4 cell counts between
300 and 549 3 106/L that was col-
lected in the controlled setting of a ran-
domized trial. The progression rate of
1.8 per 100 person-years of observa-
tions was one third of what had been
reported in the literature prior to the
widespread introduction of PIs. This
provides additional evidence of the
long-term benefits of highly active ARTs
and has important implications for sev-
eral ongoing studies that attempt to de-
termine the effect of single agents
(mostly immune-based therapies) when
used with widespread effective ART.
The clinical events that were detected
demonstrated that oral candidiasis was
the most common manifestation of dis-
ease progression. Lymphoma was the
second most common clinical progres-
sion event. The number of lympho-
mas surprised us and may suggest that
with suppression of opportunistic in-
fections, the relative incidence of lym-
phoma and Kaposi sarcoma may in-
crease and account for a greater number
of new index AIDS diagnoses. Despite
the availability of prophylaxis for op-
portunistic infections, recurrent oro-
pharyngeal candidiasis and Pneumocys-
tis carinii pneumonia were the most
common opportunistic infections.

This study also provides key infor-
mation regarding the common clini-
cal dilemma of identifying, implement-
ing, and maintaining patients receiving
an active and effective ART regimen.
This study was the largest random-
ized trial of persons infected with HIV

Figure 4. HIV Progression-free Survival
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in the past decade, occurred during a
time of increased use of highly active
ARTs, and imposed no restrictions on
the use of these agents. Patients in this
study switched medications often and
added an average of 3 new medica-
tions during the first study year. Switch-
ing of ARTs was not restricted to pa-
tients with high viral loads, but was also
seen among those patients with unde-
tectable viral load, with approxi-
mately 50% adding a new ART within
a year following randomization.

The design of this study was aimed
at assessing whether HIV-1 Immuno-
gen could provide additional efficacy

compared with that achievable by un-
restricted use of ARTs. An alternative
design would have been to select pa-
tients based on ART use and restrict pa-
tients from changing ARTs during fol-
low-up. While such an approach would
have provided a more homogeneous
background to assess an immunologic
agent, it is questionable whether such
a design would have been practically
feasible or appropriate. A restricted en-
try criterion might not be relevant and
limiting choices would likely increase
the loss to follow-up and further re-
duce any relevance of the study to the
care of patients infected with HIV. Fur-

thermore, ARTs have been clearly
shown to provide important benefit to
patients with HIV/AIDS. The most com-
mon clinical practice for patients in-
volves changing ARTs to maximize vi-
ral suppression and immune benefit.
We remain convinced that the design
we chose, which did not limit access to
ARTs for this study with clinical end
points, is the most clinically relevant.

One limitation of the study, how-
ever, was the infrequent assessment of
immunologic and virologic markers. A
more frequent assessment of these mark-
ers, for example, would have given
greater power to detect a transient ef-

Figure 5. Mean Changes From Baseline for Log10 RNA, CD4 Cell Count, CD4 Percentage, and Body Weight
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fect of HIV-1 Immunogen. However, the
large sample size of this study provides
persuasive evidence against a sus-
tained effect of HIV-1 Immunogen on
these markers. Another limitation of the
study was the incomplete database. It
seems unlikely that the additional data
would have qualitatively changed any of
the efficacy results because the num-
ber of additional clinical end points that
would have been obtained is small and
much of the additional viral load and
CD4 data that would have been ob-
tained is for visits occurring more than
2 years following randomization. Thus,
a late-emerging effect of HIV-1 Immu-
nogen could have been missed due to the

lack of this marker information, how-
ever, the likelihood of this seems low.

A disagreement developed between
the study team and the sponsor that ul-
timately led us to analyze a final but in-
complete data set. In addition, we could
not obtain from the sponsor a list of the
site coinvestigators who participated in
this trial so that the manuscript could
be shared with them and they could be
acknowledged for their efforts. We de-
cided to publish the available data that
were presented to the DSMB and that
led to their recommendation to termi-
nate the study. This was done to com-
plete our task of informing our re-
search colleagues,30,31 to fulfill our

responsibility to inform patients of the
outcome of this study, and to contrib-
ute to their understanding of HIV-1 Im-
munogen if it was to be studied in an-
other clinical trial.
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