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ABSTRACT

BACKGROUND

Women make up more than 50% of adults living with human immunodeficiency vi-
rus (HIV) infection or the acquired immunodeficiency syndrome (AIDS) in sub-Saharan
Africa. Thus, female-initiated HIV prevention methods are urgently needed.

METHODS

We performed a randomized, double-blind, placebo-controlled trial of cellulose sul-
fate, an HIV-entry inhibitor formulated as a vaginal gel, involving women at high
risk for HIV infection at three African and two Indian sites. The primary end point
was newly acquired infection with HIV type 1 or 2. The secondary end point was newly
acquired gonococcal or chlamydial infection. The primary analysis was based on a
log-rank test of no difference in the distribution of time to HIV infection, stratified
according to site.

RESULTS

A total of 1398 women were enrolled and randomly assigned to receive cellulose
sulfate gel (706 participants) or placebo (692 participants) and had follow-up HIV test
data. There were 41 newly acquired HIV infections, 25 in the cellulose sulfate group
and 16 in the placebo group, with an estimated hazard ratio of infection for the cel-
lulose sulfate group of 1.61 (P=0.13). This result, which is not significant, is in con-
trast to the interim finding that led to the trial being stopped prematurely (hazard
ratio, 2.23; P=0.02) and the suggestive result of a preplanned secondary (adherence-
based) analysis (hazard ratio, 2.02; P=0.05). No significant effect of cellulose sulfate
as compared with placebo was found on the risk of gonorrheal infection (hazard
ratio, 1.10; 95% confidence interval [CI], 0.74 to 1.62) or chlamydial infection (haz-
ard ratio, 0.71; 95% CI, 0.47 to 1.08).

CONCLUSIONS
Cellulose sulfate did not prevent HIV infection and may have increased the risk of
HIV acquisition. (ClinicalTrials.gov number, NCT00153777; and Current Controlled
Trials number, ISRCTN95638385.)
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HE JOINT UNITED NATIONS PRO-

gramme on HIV/AIDS estimates that there

were 33.2 million people living with infec-
tion with human immunodeficiency virus (HIV) or
the acquired immunodeficiency syndrome (AIDS)
in 2007; 15.4 million of these were women.® In
sub-Saharan Africa, women make up more than
50% of the people living with HIV infection or
AIDS. Sociocultural norms often make negotiating
about condom use impossible for women. Male
circumcision has recently been proven effective in
preventing HIV infection?* but is under men’s
control.

Topical microbicides are being investigated for
HIV prevention. One such microbicide is cellulose
sulfate, an entry inhibitor with in vitro activity
against multiple clades of HIV type 1 (HIV-1) and
HIV type 2 (HIV-2) as well as Neisseria gonorrhoeae
and Chlamydia trachomatis® and which prevents
simian—human HIV infection in macaques.° Sev-
eral studies of women’'! have shown similar
safety profiles between participants using a cel-
lulose sulfate gel formulation and a control group.
A tolerance study conducted in HIV-negative men
found no difference in safety and tolerability be-
tween cellulose sulfate gel and a placebo gel,'? al-
though in another study of HIV-positive men, more
penile tingling was reported in the cellulose sul-
fate group than in the placebo group.'? In a non-
comparative trial, the pregnancy rate among
women using cellulose sulfate gel was similar to
those found in historical studies of nonoxynol 9.

We report the results of a randomized, double-
blind, placebo-controlled HIV prevention trial that
was stopped prematurely after the independent
data monitoring committee determined that cel-
lulose sulfate gel may have increased the risk of
HIV infection, as compared with placebo.

METHODS

PARTICIPANTS

Women were recruited at five sites: a community
clinic and a clinic for sexually transmitted infec-
tions in Cotonou, Benin; the Y.R. Gaitonde Center
for AIDS Research and Education (Y.R.G. CARE)
in Chennai, India; the Medical Research Council in
Durban, South Africa; the Mulago Hospital (Ma-
karere University) in Kampala, Uganda; and in
clinics in Mudhol and Jhamkandi in Karnataka,
India (in collaboration with the Karnataka Health
Promotion Trust, Bangalore).

To be enrolled in the study, a woman needed
to provide written informed consent, have a nega-
tive HIV-antibody test, be at least 18 years old, have
an average of at least three acts of vaginal inter-
course per week, have had at least three different
partners in the previous 3 months, and agree to
come to the clinic for 12 monthly follow-up visits.
A woman could not be enrolled if she had an
allergy to latex or spermicides, was pregnant or
wanted to become pregnant in the next year, used
intravenous drugs, was participating in another
trial, had already been screened for this trial, or
had any condition that made her participation un-
safe or that the investigator believed could com-
plicate interpretation of the data. At each visit,
women received counseling about reducing the
risk of HIV infection, free condoms, and treatment
for curable sexually transmitted infections accord-
ing to local guidelines.

STUDY INTERVENTION
Eligible women were randomly assigned to receive
either 6% cellulose sulfate gel or placebo gel in a
1:1 ratio. The placebo used in the study was spe-
cifically designed to have no effect on vaginal flora
or pathogens (including HIV) and was identical
in appearance to the cellulose sulfate gel.*> The
gels differed in one respect: the active gel had a
pH of 7.5, whereas the placebo gel had a pH of 4.4.

Gel was delivered in 3.5-ml single-use opaque
applicators. Women were asked to insert the gel
into their vagina within 1 hour before each act of
vaginal intercourse, during a period of 1 year.
Women testing positive for pregnancy at one of
their monthly visits had the product withdrawn
until the pregnancy resolved but did not discon-
tinue the trial.

Data were analyzed at Family Health Interna-
tional (Research Triangle Park, NC). The study was
approved by the Institutional Review Board of the
Eastern Virginia Medical School and by local eth-
ics commiittees at the sites where women were re-
cruited. All existing local regulatory bodies ap-
proved the study before it began. The trial was
conducted under the Food and Drug Administra-
tion’s Investigational New Drug application num-
ber 69,107.

OBJECTIVES AND OUTCOMES
The primary objective of the trial was to assess the
effectiveness of 6% cellulose sulfate gel in prevent-
ing male-to-female vaginal transmission of HIV.
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The secondary objective was to assess the effec-
tiveness of 6% cellulose sulfate gel in preventing
male-to-female vaginal transmission of N. gonor-
rhoeae and C. trachomatis.

The primary outcome was newly acquired HIV-1
and HIV-2 infection, as determined by the pres-
ence of HIV antibodies in blood samples collected
at months 1, 3, 6, 9, or 12 or at any visit at which
the product was withdrawn. If a scheduled HIV
test was missed, the woman was tested at her sub-
sequent visit. For participants in whom serocon-
version occurred within 3 months after enroll-
ment, a polymerase-chain-reaction (PCR) test for
HIV RNA was performed on an enrollment sam-
ple to confirm HIV-1-negative status at baseline;
women found to be infected at enrollment were
excluded from the analysis. A participant was con-
sidered to be infected if two of three rapid tests
(Determine HIV-1/2, Abbott Laboratories; SD Bio-
line HIV 1/2, Standard Diagnostics; Uni-Gold HIV
Recombinant, Trinity Biotech) performed consecu-
tively on the same blood sample were positive or
if there was a positive PCR result at her final visit.
Patients in whom seroconversion occurred were
referred for care either within the study clinic or
to an outside hospital, with funding provided by
CONRAD.

The secondary outcome was newly acquired
genital gonococcal or chlamydial infection, as de-
termined by a positive test for strand-displacement
amplification (SDA, Becton Dickinson) in a cer-
vical swab from one of the quarterly visits.

METHODS TO ENHANCE THE QUALITY
OF MEASUREMENTS

Laboratory staff were trained in the performance
of testing for HIV and for strand-displacement-
amplification by the central laboratory (Institute
of Tropical Medicine, Antwerp, Belgium). Quality-
assurance measures were also implemented: all
HIV infections (except four, in patients for whom
blood samples were not available), all positive
strand-displacement-amplification results, and
10% of all negative strand-displacement-ampli-
fication results were verified at the Institute of
Tropical Medicine. There were no equivocal results
of HIV-antibody testing in the final database.

NUMBER OF PARTICIPANTS
The study was designed to have a statistical power
of 80% to conclude that cellulose sulfate is effec-
tive, on the basis of a one-sided test and a signifi-

cance level of 0.025. Enrollment of 2574 partici-
pants (1287 in each group) was planned, to achieve
the 66 newly acquired infections required for the
study to have a statistical power of 80%. This cal-
culation assumed that the 12-month cumulative
probability of HIV infection would be 4% in the
placebo group, the cellulose sulfate regimen would
reduce the risk of acquiring HIV by 50%, and at
least 80% of participants would complete the
study.

INTERIM ANALYSIS AND STOPPING RULES
The study protocol specified that the independent
data monitoring committee would evaluate the
data for the primary HIV end point for early signs
of product effectiveness or potential harm after
approximately half of the targeted number of HIV
infections had occurred. The Lan-DeMets spend-
ing function?® with O’Brien-Fleming boundaries'”
was to be used to preserve the type I error of con-
cluding effectiveness with the use of a one-sided
alpha level of 0.025. No attempt was made to con-
trol for the type I error for a test of harm. Instead,
the independent data monitoring committee was
asked to provide guidance if the interim one-sided
P value was less than 0.10 in the direction of in-
creased risk of HIV infection with the use of cel-
lulose sulfate gel as compared with placebo.

RANDOMIZATION, CONCEALMENT, AND BLINDING
OF GROUP ASSIGNMENT
The cellulose sulfate and placebo gels were each
divided into three groups designated by color
names to help maintain blinding (i.e., revealing
one subgroup would not lead to the unblinding of
all the data). The colors associated with each gel
group were randomly assigned by a person not
otherwise involved in the study, using a validated
SAS software program (SAS Institute). Participants
were assigned to the six color groups in equal ra-
tios on the basis of a permuted-block randomiza-
tion scheme with stratification according to clinic,
with random block sizes of 12, 18, and 24. To con-
ceal the group assignments, they were contained
within sequentially numbered, sealed opaque en-
velopes that were kept in a secure office at each
site. Participants who qualified for the study were
assigned the next available randomization enve-
lope. No envelopes were reused.

All participants, monitors, site staff, and cen-
tral study staff were unaware of the group assign-
ments. After the independent data monitoring
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1477 in South Africa
574 in Uganda
472 in Benin
383 in Chennai

79 in Bangalore

2985 Women were screened for eligibility

1557 Were excluded for =1
reason
1141 Were HIV-positive
229 Did not return for
enrollment
95 Were pregnant
34 Had too few acts
of intercourse
or sexual partners
28 Declined participation
47 Had other reason

606 in South Africa
306 in Uganda
238 in Benin
255 in Chennai

23 in Bangalore

1428 Underwent randomization

3 Had positive PCR test for
RNA at enrollment and
were excluded

1in South Africa
1in Uganda
1in Benin

'

717 Were in the intention-to-
treat cellulose sulfate group
302 in South Africa
152 in Uganda
122 in Benin
129 in Chennai
12 in Bangalore

l

706 Were included in effective-
ness analysis
297 in South Africa
151 in Uganda
117 in Benin
129 in Chennai
12 in Bangalore

77 (10.7%) Were lost to follow-up
36 in South Africa
7 in Uganda
34 in Benin
17 (2.4%) Discontinued pre-
maturely
7 in South Africa
4in Uganda
5in Benin
1in Chennai

l

708 Were in the intention-to-
treat placebo group
303 in South Africa
153 in Uganda
115 in Benin
126 in Chennai
11 in Bangalore

l

692 Were included in effective-

ness analysis
295 in South Africa
152 in Uganda
110 in Benin
124 in Chennai
11 in Bangalore

64 (9.0%) Were lost to follow-up

7 (1.0%) Discontinued pre-

30 in South Africa
7 in Uganda

23 in Benin
4 in Chennai

maturely
2 in South Africa
linUganda
3 in Benin
1in Chennai

Figure 1. Screening, Randomization, and Follow-up of the Study Participants.
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committee recommended that the trial be stopped,
the lead statistician was made aware of the assign-
ments to verify randomization procedures and in-
terim analyses that had been conducted by an in-
dependent statistician. Once these were verified,
the lead principal investigator was also made aware
of the assignments. All participants, laboratory
staff, site investigators, and other study staff re-
mained unaware of the assignments until all final
follow-up visits and HIV testing were completed.

STATISTICAL ANALYSIS
The primary effectiveness analysis was based on
a log-rank test of no difference between the cel-
lulose sulfate group and the placebo group in the
distributions of time to HIV infection, stratified
according to site. For both primary and secondary
outcomes, estimated hazard ratios and 95% con-
fidence intervals were computed with the use of
proportional-hazards regression models, stratified
according to site. Cumulative probabilities of in-
fection were estimated on the basis of the Kaplan-—
Meier method, and crude incidence rates were com-
puted by dividing the number of events by the
person-years of follow-up. All reported P values
are two-sided. For the secondary outcomes, P val-
ues less than 0.05 were considered to indicate sta-
tistical significance. Owing to the asymmetric in-
terim stopping boundaries used for the primary
HIV outcome, however, only an effect in the direc-
tion of protection can be considered to be tightly
controlled at the corresponding one-sided 0.025
significance level.

Only women without a postrandomization HIV-
test result or women who were found to be in-
fected with HIV at enrollment were excluded from
effectiveness analyses. Estimated dates of infec-
tion were computed as the midpoint between the
dates of a woman’s first positive HIV test and her
previous negative test. Data from women com-
pleting the study without acquiring an infection
were censored 380 days after enrollment (1 year
of follow-up plus a 2-week period during which
the final visit could occur) or on the date of the
final negative test result, whichever came first.
Data from women who prematurely withdrew
from the study or who were lost to follow-up were
censored on the date of the last test result. A pre-
specified, secondary subgroup analysis perma-
nently censored data from women at the time of
the first documented interruption of product use.
Numerous additional, unplanned subgroup analy-
ses based on self-reported adherence and prod-
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Table 1. Baseline Characteristics of Study Participants.*

Characteristic
Age —yr
Median
Interquartile range
Education — yr
Median
Interquartile range
Married — no. (%)
No. of partners in the 3 mo before screening
Median

Interquartile range

Median
Interquartile range

Anal intercourse in the month before screening — no. (%)

no. (%)

History of irregular menses — no. (%)
History of pregnancy — no. (%)
Positive STI test at screening — no. (%)

Gonorrhea

Chlamydia

Trichomoniasis

Syphilis

No. of acts of vaginal intercourse in the 7 days before screening

Condom used for last act of vaginal intercourse before screening —

Hormonal contraception, IUD, or female sterilization — no. (%)

Cellulose Sulfate  Placebo Total
(N=717) (N=708) (N=1425)
28 29 29
23-36 23-38 23-37
8 8 8
5-11 5-11 5-11
163 (22.7) 164 (23.2) 327 (22.9)
10 10 10
3-90 3-96 3-94
4 4 4
3-10 3-10 3-10
30 (4.2) 23 (3.2) 53 (3.7)
435 (60.7) 434 (61.3) 869 (61.0)
323 (45.0) 309 (43.6) 632 (44.4)
142 (19.8) 125 (17.7) 267 (18.7)
645 (90.0) 655 (92.5) 1300 (91.2)
29 (4.0) 27 (3.8) 56 (3.9)
41(5.7) 48 (6.8) 89 (6.2)
34 (4.7) 45 (6.4) 79 (5.5)
31 (4.3) 40 (5.6) 71 (5.0)

* Data from three participants are not shown here; after enrollment, they were found to have been infected with HIV at
the time of enrollment. IUD denotes intrauterine device, and STI sexually transmitted infection.

uct-exposure data were conducted, but no adjust-
ment for multiple testing was made.

RESULTS

RECRUITMENT AND FOLLOW-UP
Each participant came to the clinic for screening,
enrollment (within 28 days after screening), and
up to 12 monthly follow-up visits. The first par-
ticipant enrolled on July 20, 2005, in Uganda, and
the last participant enrolled on January 25, 2007,
in Bangalore. The last follow-up visit occurred on
March 31, 2007.

A total of 2985 women were screened, of whom
1428 were enrolled and randomly assigned to a
study group (Fig. 1). Three women who tested
negative for HIV at enrollment and tested positive
by month 3 were excluded from all analyses be-

cause their blood samples obtained at enrollment
were positive for HIV-1 RNA on PCR testing. An-
other 27 women had no HIV results after enroll-
ment, leaving 1398 women (706 receiving cellulose
sulfate gel and 692 receiving placebo) whose data
were included in the primary effectiveness anal-
ysis. A total of 141 of the 1428 women (9.9%) were
lost to follow-up and another 24 (1.7%) discontin-
ued the study prematurely.

BASELINE CHARACTERISTICS AND PRODUCT USE
The two groups were similar with respect to de-
mographic characteristics, medical history, and
self-reported sexual behavior at baseline (Table 1).
Self-reported sexual activity was considerably high-
er in Benin and Uganda than in South Africa, Chen-
nai, or Bangalore (Table 2).

The reported rates of condom and gel use were
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Table 2. Sexual Behavior and Product Use Reported in the 7 Days before Each Follow-up Visit.
No. of Median No. of Median No. of Gel Use When
Site and Group Participants  Sexual Partners  Sexual Acts Gel Use Condom Use Condoms Not Used
% of sexual acts
% of all sexual acts without condom
Benin
Cellulose sulfate 117 17.9 20.1 94.1 96.2 32.0
Placebo 110 21.2 235 95.2 97.7 40.4
South Africa
Cellulose sulfate 297 1.6 4.0 92.4 92.1 80.4
Placebo 295 1.8 4.2 93.9 94.3 70.6
Uganda
Cellulose sulfate 151 17.5 19.8 83.8 97.5 53.2
Placebo 152 19.1 213 80.8 97.5 55.3
Chennai
Cellulose sulfate 129 4.2 6.2 78.3 82.7 17.7
Placebo 124 4.0 5.4 75.5 79.1 223
Bangalore
Cellulose sulfate 8 4.7 5.8 94.5 100
Placebo 10 5.7 8.0 98.6 100
All
Cellulose sulfate 702 3.5 6.7 87.4 95.3 45.9
Placebo* 691 33 6.5 86.7 96.1 45.7

s

* Data were missing for one participant in the placebo group.

high overall (95.7% and 87.0% of all sexual acts,
respectively) (Table 2) but were lower when only
acts with primary partners were considered (74.9%
and 78.0%) (data not shown). Reported gel use
among acts in which a condom was not used was
only 45.8% (ranging from 20.0% in Chennai to
76.2% in South Africa).

EFFECTIVENESS
A meeting of the independent data monitoring
committee was convened on January 26, 2007, to
review interim data collected through December
18, 2006 — the date of the interim lock on the
database. There were 35 HIV infections in the in-
terim database (24 in the cellulose sulfate group
and 11 in the placebo group), with an estimated
hazard ratio of 2.23 (P=0.02). The committee rec-
ommended that the trial be halted, and on Janu-
ary 29, 2007, sites were instructed to withdraw
the product as soon as possible.

The final effectiveness analysis included six ad-
ditional infections during the study not recorded

in the interim database (for details, see the Sup-
plementary Appendix, available with the full text
of this article at www.nejm.org). Among the 41
newly acquired infections, 25 were in the cellulose
sulfate group (incidence rate, 5.29 per 100 person-
years) and 16 were in the placebo group (incidence
rate, 3.33), yielding an estimated hazard ratio of
1.61 (95% confidence interval [CI], 0.86 to 3.01;
P=0.13) (Table 3). The estimated cumulative prob-
abilities of infection at 12 months were 0.50 and
0.36 in the cellulose sulfate and placebo groups,
respectively (Fig. 2). There were more infections in
the cellulose sulfate group than the placebo group
in each site that had events (Benin, 7 vs. 2; Uganda,
3 vs. 2; South Africa, 15 vs. 12).

A preplanned per-protocol analysis censored
data from participants at the time of their first
documented interruption of product use (in 68.3%
of women, due to positive pregnancy tests of urine
samples), resulting in an estimated hazard ratio
of 2.02 (95% CI, 0.97 to 4.18; P=0.05). There prob-
ably were a substantial number of acts without gel
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Table 3. Results of Primary and Secondary Analyses.

Cellulose Sulfate

Event or Analysis (N=706)

no. with event rate

HIV
Primary 25 5.29
Per protocol 21 5.11
Interim* 24 6.75

STIT
Gonorrhea 53 12.26
Chlamydia 37 8.47
Pregnancyy 96 21.84

Placebo Hazard Ratio for Cellulose
(N=692) Sulfate (95% Cl)
no. with event rate
16 3.33 1.61 (0.86-3.01)
11 2.59 2.02 (0.97-4.18)
11 3.03 2.23 (1.05-5.03)
49 11.08 1.10 (0.74-1.62)
52 11.86 0.71 (0.47-1.08)
103 23.13 0.95 (0.72-1.26)

P Value

0.13
0.05
0.02

0.63
0.11
0.74

* The interim analysis of data for HIV infection was based on 648 participants in the cellulose sulfate group and 638 participants in the place-
bo group. The rate of events is the number per 100 person-years.

T Incidence data were based on the time to the first event.

use included in this analysis, however, since a re-
ported compliance of less than 100% was not
grounds for exclusion.

The rate of gonococcal infection was similar in
the two groups (hazard ratio for cellulose sulfate,
1.10; 95% CI, 0.74 to 1.62). The rate of chlamydial
infection was lower in the cellulose sulfate group
than in the placebo group (hazard ratio, 0.71;
95% CI, 0.47 to 1.08), but this result was not sig-
nificant (P=0.11) (Table 3). Further exploratory
analyses found no obvious differences between the
two groups in pregnancy rates (incidence rates,
21.8 in the cellulose sulfate group and 23.1 in the
placebo group; P=0.74), in findings on examina-
tion, or in patterns of self-reported sexual acts,
condom use, or gel use that would explain the
results of potential increased risk found in the
interim and per-protocol analyses. Adjustment for
prespecified baseline covariates (including the
presence or absence of a sexually transmitted in-
fection detected at screening, previous pregnancy,
anal sexual intercourse, condom use, and previ-
ous spermicide use, as well as the number of sex-
ual partners) had a negligible effect on the esti-
mate of effectiveness (hazard ratio, 1.64).

ADVERSE EVENTS

All adverse events were coded on the basis of the
Medical Dictionary for Regulatory Activities (MedDRA),
version 6.1. In total, 86.0% of women had one or
more adverse events during follow-up, with no
clinically important differences between the two
groups. The most common adverse events were in-

0.06+

0.05+

0.04

0.034

0.02+

Probability of HIV Infection

0.014

______

0.00 T

Cellulose sulfate

Placebo

60

Days since Enrollment

T T T T T T T T T T 1
90 120 150 180 210 240 270 300 330 360 390

Figure 2. Kaplan—Meier Estimates of the Cumulative Probability
of HIV Infection.

fections and infestations, including bacterial vagi-
nitis (46.8% of women), candidiasis (38.3%), re-
spiratory tract infection (20.2%), malaria (14.1%),
and genital infections (11.4%). Common nonin-
fectious reproductive-system events included pru-
ritus (8.4%), metrorrhagia (6.0%), and vaginal dis-
charge (5.1%). The frequency of adverse events of
the reproductive tract occurring in more than 1%
of women are reported in Table 4.

There were 68 serious adverse events with on-
set on or before January 30, 2007 (none considered
related to product use), with more events in the
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Table 4. Adverse Events of the Reproductive Tract That Occurred in at Least 1% of Participants.*

no. of events

Infection or infestation

Vaginitis, bacterial 496
Genital candidiasis 424
Genital infection 103
CervicitisT 67
Pelvic inflammatory disease 49
Urinary tract infection 48
Trichomoniasis 38
Syphilis 7
Herpes simplex 8
Condyloma acuminatum 9

Other events

Genital pruritus, female 67
Metrorrhagia 46
Vaginal discharge 46
Pelvic pain 17
Genital ulceration 11
Menorrhagia 8

Event Cellulose Sulfate (N =706)

Placebo (N=692)

no. of women
with event (%)

no. of women

no. of events with event (%)

316 (44.3) 543 339 (49.0)
259 (36.7) 438 276 (39.9)
83 (11.8) 101 77 (11.1)
39 (5.5) 83 52 (7.5)
42 (5.9) 49 39 (5.6)
39 (5.5) 52 40 (5.8)
35 (5.0) 39 34 (4.9)
7(1.0) 10 10 (1.4)

8 (L.1) 8 8(1.2)

7 (1.0) 2 2(0.3)
62 (8.8) 60 56 (8.1)
41 (5.8) 46 43 (6.2)
41 (5.8) 33 30 (4.3)
17 (2.4) 17 15 (2.2)
10 (1.4) 9 8(1.2)
8 (L.1) 13 10 (1.4)

* Event categories are named with the preferred term of the Medical Dictionary for Regulatory Activities, version 6.1.
T Diagnoses were based on a clinical examination (syndromic approach).

placebo group than in the cellulose sulfate group
(40 vs. 28). The most common serious adverse
events were abortion or abortion-related events
(15 events) and pyrexia (11 events). There were
three deaths, all in the cellulose sulfate group: one
suicide, one homicide, and one death due to com-
plications of uncontrolled hypertension.

DISCUSSION

On the basis of these results, cellulose sulfate gel
has no role as an HIV prevention method. There
was a higher rate of HIV acquisition in the cel-
lulose sulfate group, although the result did not
achieve statistical significance in the primary anal-
ysis. The suggestion of increased risk observed in
a secondary per-protocol analysis must be viewed
with caution, since data were censored on the ba-
sis of a postrandomization factor (product with-
drawal) that could have been confounded with
group assignment.

Given the contraceptive profile of cellulose
sulfate,’ the nondifferential pregnancy rates im-

ply that adherence to gel use may have been low
during sexual acts without condoms. This finding
is in agreement with self-reported data indicating
low rates of gel use (45.8%) for these high-risk
acts, even though overall adherence was excellent
(87.0%). Such a pattern of low adherence when
condoms are not used would make it unlikely that
an act-specific effect of cellulose sulfate gel (either
harmful or protective) could have been detected,
even if the trial had gone to completion. However,
it does not preclude the possibility of an increased
risk of HIV based on cumulative exposure to the
product. On average, women in Benin and Uganda
reported using gel two to three times per day for
the duration of the study. This raises the question
of whether effectiveness trials of coitally depen-
dent microbicides should be done in two cohorts
of women: one with a high coital frequency, to
assess potential negative effects of high product
exposure, and one with low coital frequency, to
assess effectiveness in less—sexually-active popu-
lations.

Low adherence has been identified as a prob-
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lem in several HIV prevention trials. The Popula-
tion Council could not rule out the possibility that
the lack of a protective effect in their trial was due
to poor adherence.'® The investigators of a recent
trial assessing the effect of suppression of herpes
simplex virus on HIV transmission also conclud-
ed that the lack of an effect may have been due to
low adherence.®® A standard for assessing adher-
ence has not yet been identified. Some advocate
the use of directly observed therapy or related
high-intensity adherence monitoring, whereas oth-
ers are wary of the potential problems and limi-
tations associated with such designs (e.g., confi-
dentiality, participant travel, and increased trial
costs). The Institute of Medicine’s conclusion that
directly observed therapy is not advisable in this
context?° raises additional doubts about the ap-
proach. Alternative vaginal delivery systems (e.g.,
antiretroviral drugs released from vaginal rings)
may prove more beneficial in terms of monitoring
and increasing adherence.

Neurath et al.2* found decreased anti-HIV activ-
ity of polyanions in the presence of semen, but
this does not explain the suggestion of increased

risk that led to premature closure of the reported
trial. Balzarini et al.22 found that PRO2000 (an-
other polyanion) may stimulate HIV capture, but
it is not known whether this finding can be ex-
trapolated to cellulose sulfate. A parallel phase 3
trial in Nigeria?®> among women using cellulose
sulfate gel approximately once per day found a
slightly higher infection rate in the placebo group,
although the result was not significant.

Despite the disappointing outcome of this study
and recently halted vaccine trials,?* as well as the
lack of a protective effect in other recently com-
pleted HIV prevention trials,'®25:2¢ the search for
HIV prevention methods that can be initiated by
women must continue to help stem the tide of in-
fection in highly vulnerable populations.
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APPENDIX

In addition to the authors, the members of the Cellulose Sulfate Study Group are as follows: CONRAD, Arlington, VA: S. Murphy, L.
Wahala, M. Callahan, H. Gabelnick; Family Health International, Research Triangle Park, NC: N. Acevedo, L. Johnson, K. Dube, L.
Chalkley, F. Carayon-Lefebvre d’Hellencourt, S. Combes, M. Commins, E. Tolley, A. Corneli, M. Law, W. Rountree, L. Saylor; Institute
of Tropical Medicine, Antwerp, Belgium: K. Fransen, G. Beelaert, S. Abdellati, M. Mangelschots, A. Buvé; Bangalore, India, study site:
University of Manitoba, Winnipeg, Canada — S. Moses, J. Blanchard; St. John’s Medical College, Bangalore, India — R.G. Washington, R. Sat-
yanarayana, K. Mendonca; Benin study site: Centre Hospitalier Affilié Universitaire de Québec, Quebec, Canada — 1. Minani, M. Massinga Loembé;
Université d’Abomey-Calavi, Cotonou, Benin— S. Anagonou; Dispensaire Infections Sexuellement Transmissibles, Cotonou, Benin — N. Geraldo; Chen-
nai, India, study site: Y.R. Gaitonde Center for AIDS Research and Education (Y.R.G. CARE), Chennai, India — A.K. Ganesh, S. Johnson, C.K. Va-
sudevan, K.G. Murugavel; South Africa study site: Medical Research Council, Durban, South Aftica — V. Edward, E. Raju, R. Singh, U. Vasant,
N. Khoza, S. Ganesh; Uganda study site: Mulago Hospital, Makerere University, Kampala, Uganda — C. Nakabiito, N. Nakintu, T. Tenywa, C.
Musuuza, J. Nagganda, M. Nakimuli, B. Gati, J. Kagoda, R. Kaddu, G. Kintu, M. Luzze, C. Saunders.

REFERENCES

1. UNAIDS. 2007 AIDS epidemic up-
date. Geneva: Joint United Nations Pro-
gramme on HIV/AIDS. (Accessed July 7,
2008, at http://www.unaids.org/en/
KnowledgeCentre/HIVData/EpiUpdate/
EpiUpdArchive/2007/default.asp.)

2. Auvert B, Taljaard D, Lagarde E,
Sobngwi-Tambekou J, Sitta R, Puren A.
Randomized, controlled intervention trial
of male circumcision for reduction of HIV
infection risk: the ANRS 1265 trial. PLoS
Med 2005;2(11):€298. [Erratum, PLoS Med
20006;3(5)e298.]

3. Bailey RC, Moses S, Parker CB, et al.
Male circumcision for HIV prevention in
young men in Kisumu, Kenya: a randomised
controlled trial. Lancet 2007;369:643-56.
4. Gray RH, Kigozi G, Serwadda D, et al.
Male circumcision for HIV prevention in

men in Rakai, Uganda: a randomised tri-
al. Lancet 2007;369:657-66.

5. Investigators’ brochure: sodium cel-
lulose sulfate 6% vaginal gel. Arlington,
VA: CONRAD, 2007.

6. Saifuddin M, Doncel GF, Tsai L, Gettie
A, Bhom R, Cheng-Mayer C. Intravaginal
administration of 6% cellulose sulfate gel
prevented systemic infection in rhesus ma-
caques in a multiple dose R5/X4 SHIV vagi-
nal challenge model. Presented at the Late
Breaker Session, Microbicides 2008 Confer-
ence, Delhi, India, February 24-27, 2008.

7. Mauck C, Weiner DH, Ballagh S, et al.
Single and multiple exposure tolerance
study of cellulose sulfate gel: a Phase I
safety and colposcopy study. Contracep-
tion 2001;64:383-91.

8. Doh AS, Ngoh N, Roddy R, Lai JJ, Lin-

ton K, Mauck C. Safety and acceptability
of 6% cellulose sulfate vaginal gel applied
four times per day for 14 days. Contracep-
tion 2007;76:245-9.

9. Malonza IM, Mirembe F, Nakabiito C,
et al. Expanded Phase I safety and accept-
ability study of 6% cellulose sulfate vagi-
nal gel. AIDS 2005;19:2157-63.

10. El-Sadr WM, Mayer KH, Maslankow-
ski L, et al. Safety and acceptability of cel-
lulose sulfate as a vaginal microbicide in
HIV-infected women. AIDS
2006;20:1109-16.

11. Schwartz JL, Mauck C, Lai JJ, et al.
Fourteen-day safety and acceptability study
6% cellulose sulfate gel: a randomized
double-blind Phase I safety study. Contra-
ception 2006;74:133-40.

12. Mauck C, Frezieres R, Walsh T, Rober-

N ENGLJ MED 359;5 WWW.NEJM.ORG JULY 31, 2008

Downloaded from www.nejm.org on July 31, 2008 . For personal use only. No other uses without permission.

Copyright © 2008 Massachusetts Medical Society. All rights reserved.

471



472

CELLULOSE SULFATE GEL FOR PREVENTION OF VAGINAL HIV TRANSMISSION

geau K, Callahan M. Cellulose sulfate:
tolerance and acceptability of penile ap-
plication. Contraception 2001;64:377-81.
13. Jespers V, Buvé A, Van Damme L.
Safety trial of the vaginal microbicide cel-
lulose sulfate gel in HIV-positive men. Sex
Transm Dis 2007;34:519-22.

14. Mauck CK, Frezieres RG, Walsh TL,
Peacock K, Schwartz JL, Callahan MM.
Noncomparative contraceptive efficacy
trial of cellulose sulfate gel. Obstet Gyne-
col 2008;111:739-46.

15. Tien D, Schnaare RL, Kang F, et al. In
vitro and in vivo characterization of a po-
tential universal placebo designed for use
in vaginal microbicide clinical trials. AIDS
Res Hum Retroviruses 2005;21:845-53.
16. Lan KKG, DeMets DL. Discrete se-
quential boundaries for clinical trials.
Biometrika 1983;70:659-63.

17. O’Brien PC, Fleming TR. A multiple
testing procedure for clinical trials. Bio-
metrics 1979;35:549-56.

18. Johansson E. Results of phase III Car-

raguard trial. Presented at the Microbi-
cides 2008 Conference, Delhi, India, Feb-
ruary 24-27, 2008.

19. Watson-Jones D, Weiss HA, Rusizoka
M, et al. Effect of herpes simplex suppres-
sion on incidence of HIV among women
in Tanzania. N Engl ] Med 2008;358:1560-
71.

20. Institute of Medicine. Methodological
challenges in biomedical HIV prevention
trials. Washington, DC: The National Acad-
emies Press, 2008.

21. Neurath AR, Strick N, Li YY. Role of
seminal plasma in the anti-HIV-1 activity
of candidate microbicides. BMC Infect
Dis 2006;6:150.

22, Balzarini J, Van Herrewege Y, Ver-
meire K, Vanham G, Schols D. Carbohy-
drate-binding agents efficiently prevent
dendritic cell-specific intercellular adhe-
sion molecule-3-grabbing nonintegrin
(DC-SIGN)-directed HIV-1 transmission
to T lymphocytes. Mol Pharmacol
2007;71:3-11.

23. Halpern V, Wang L, Obunge O, et al.
Effectiveness of cellulose sulfate gel for
prevention of HIV: results of the phase III
trial in Nigeria. Presented at the Late
Breaker Session of the 4th IAS Conference
on HIV Pathogenesis, Treatment and Pre-
vention, Sydney, July 22-25, 2007. ab-
stract.

24. Steinbrook R. One step forward, two
steps back — will there ever be an AIDS
vaccine? N Engl ] Med 2007;357:2653-5.
25. Padian NS, van der Straten A, Ramjee
G, et al. Diaphragm and lubricant gel for
prevention of HIV acquisition in southern
African women: a randomised controlled
trial. Lancet 2007;370:251-61.

26. Celum C, Wald A, Hughes J, et al.
HSV-2 suppressive therapy for prevention
of HIV acquisition: results of HPTN 039.
Presented at the 15th Conference on Ret-
roviruses and Opportunistic Infections,
Boston, February 3—6, 2008. abstract.
Copyright © 2008 Massachusetts Medical Society.

JOURNAL EDITORIAL FELLOW

The Journal’s editorial office invites applications for a one-year
research fellowship beginning in July 2009 from individuals at any
stage of training. The editorial fellow will work on Journal projects

and will participate in the day-to-day editorial activities of the Journal
but is expected in addition to have his or her own independent
projects. Please send curriculum vitae and research interests
to the Editor-in-Chief, 10 Shattuck St., Boston, MA 02115
(fax, 617-739-9864), by September 30, 2008.

N ENGLJ MED 359;5 WWW.NEJM.ORG JULY 31, 2008

Downloaded from www.nejm.org on July 31, 2008 . For personal use only. No other uses without permission.
Copyright © 2008 Massachusetts Medical Society. All rights reserved.



